
EP 0192 944 B1 Description This invention relates to a data processing
system including a main processor and a co-processor sharing the same
resources, the access to a selected resource by the co-processor being
selectively prevented by the processor servicing an access to the selected
resource. The ready availability of micro-processors has led to a dramatic
increase in the number of various characterizations of relatively small
computers including those known as personal computers. However, an average
so-called "personal computer" of even half a decade ago might be considered
a very primitive device in comparison with an average state of the art
"personal computer". 10     Many individuals and business concerns have
purchased personal computer systems and have either written or purchased
computer program software for properly instructing the computer to perform
selected tasks such as word processing and data processing applications. As
this personal computer technology has evolved so rapidly, there has been a
strong need to maintain some degree of compatibility in the system
components. Thus, standards, either official or de facto, have 15 evolved
which, in most cases, allow many hardware input/output (I/O) devices to be
used in state of the art systems, although the devices may have been
purchased several years ago for use in systems that are considered
primitive by today's standards. The program software, as well as the
extensive data files that are usually created as a result of using the
software, however, have presented a compatibility problem as the hardware
technology has evolved. As 20 an example, most of the early personal
computers were eight bit machines, in that the processor was capable of
processing a single eight bit byte at a time. The technology later evolved
into the use of sixteen bit processors and is more recently evolving into
thirty-two bit processors. Although software originally written for an
eight bit processor might be useable or made to be useable with a
thirty-two bit processor system, the application could usually be
programmed to run in a much more efficient and high performance 25 manner
by writing the software with an original intent of running on a thirty-two
bit processor. Of course, the obvious problem with that approach is that of
the extensive software and data bases already paid for which are designed
for the eight and sixteen bit processors. Accordingly, the desirability of
being able to use existing software and data files associated therewith
with more modern and higher performance computer systems is obvious.
Additionally, however, the newer 30 and higher performance computer
equipment must be utilized in a manner to take advantage of its greater
capability. That is, the additional expense of the newer and higher
performance equipment cannot be justified if its performance must be
underutilized by the older, lower power software. Thus, although additional
processors, sometimes called co-processors, have been utilized in the prior
art to allow particular new functions of the computer (such as numeric or
floating point decimal capabilities) typical prior art co- 35 processor
arrangements have relegated the previously existing processor to that of a
special purpose controller (such as an I/O controller) while the new,
additional co-processor adds the additional functional capability. Such a
prior system including several processors is described in US patent 4 453
211 wherein a first processor acquires control of the system while a second
processor, as slave, processes the instruction 40 received in accordance
with its microcode, generates data transfer control signal and transmits
data to another processor or the main memory. Ukewise, in European Patent
132 157, the system comprises a host processor and an attached processor.
Each processor is capable of executing user programs under a different
operation system and each processor is capable of accessing a memory, but
the host processor controls and performs all input 45 and output operations
for both processors. In contrast with the above-described prior art use of
co-processors, it has been proposed to use an additional, less advanced
processor (in comparison with the main processor of a state of the art
system) to allow the continued utilization of existing, lower power or
lower performance programs and existing data 



files associated therewith in the latest, most high performance computer
systems. In this type of 50 configuration the main processor is capable of
executing high performance programs independently of the co-processor. The
co-processor configuration is such that existing, earlier generation
programs and the data files associated therewith may be run substantially
concurrently with the programs being executed by the main processor. In the
configuration just described, however, problems of contention for system
resources can arise 55 between the two processors. These problems are
compounded by the fact that entirely different operating systems may be in
effect relative to the system environments as viewed by each of the
processors. Therefore, although it would be of great advantage to allow
concurrent operation of a co-processor to run application programs with a
first type of operating system while a main processor runs other programs
with 2    EP 0 192 944 B1 a different operating system, it would be highly
desirable to provide a control technique to solve the contention problems
related to utilization of the same I/O devices by the two processors as
well as the handling of interrupts in the system by the two processors.
Accordingly, the invention is directed to a control technique employed in a
co-processing environment 5  in which I/O facilities are shared between
main processor running a known set of support code and a co- processor
running concurrently code of unknown origin relative to the main processor.
The system of the invention as set out in claim 1 comprises first means
dynamically controllable by the main processor for selectively preventing
the co-processor from attempting access to an input/output device when the
main processor is currently utilizing this input/output device, and second
means for utilizing the 10  main processor to service the attempted access
to the input/output device when the first means has been enabled to prevent
direct access to the input/output device by the co-processor, whereby
concurrent direct utilization of the input/output device by the main
processor and the co-processor is allowed at those times when exclusive
access by the main processor is not required. Additionally, logic is
associated with the co-processor to manage interrupts to and from the co-
is processor card so as to prevent interference with the main processor's
utilization of system components. The foregoing and other objects,
features, extensions and advantages of the invention will be apparent from
the following more particular description of a preferred embodiment of the
invention, as illustrated in the accompanying drawings. Fig. 1 is a block
diagram of the system configuration of a computer system architecture
employing both 20 a main proces sor and a co-processor managed according to
the techniques of this invention. Fig. 2 is a block diagram of the
co-processor portion of the system of Fig. 1. Fig. 3 is a detailed logic
diagram of the interrupt filter shown in Fig. 2. Fig. 4 is a detailed logic
diagram of the VO filter shown in Fig. 2. Fig. 5 is a diagram which depicts
the set-up by the master processor of the I/O filter. 25     Fig. 6 is a
diagram which depicts the register contents for the logic shown in Figs.
3-5. In Fig. 1 a block diagram of the system configuration of a computer
system architecture employing both a main processor and a co-processor is
shown. A main processor 11 is connected by a channel 12 to a memory
controller 13. The main processor 11 may be, for example, a Motorola 68000
or Intel 80286 microprocessor, although it will be understood by those
skilled in the art that the main processor 11 may be 30 virtually any
general purpose processor of any size or speed, as this invention is by no
means confined to a microprocessor environment. The memory controller 13,
may be, for example, an Intel 8202, particularly if the main processor is
an Intel 80286 microprocessor. A channel 14 connects the memory controller
13 to a system memory 15, which is typically a random access memory. 



An I/O bus 16 connects the controller 13 to a plurality of I/O devices
including a fixed disk, or hard file 35 17, a floppy diskette drive 18, a
printer 19, a video display 20, and a keyboard 21. In addition to the
aforementioned I/O devices 17-21, a co-processor card 22 is also attached
to the I/O bus 16. With the exception of the keyboard, each of the I/O
devices 17-21 is attached to an interrupt line within the I/O bus 16. The
keyboard interrupt is conveyed directly to the main processor 11 and does
not appear on I/O bus 16. 40     For a functional block diagram of the
contents of the co-processor card 22, reference is made to Fig. 2. The
nucleus 25 of the co-processor card includes the processor itself, which
may, for example, be an Intel 80286 microprocessor, an interrupt controller
which may be, for example, an Intel 8259, and one or more local I/O devices
which may, for example, include a timer from which a time of day clock and
sound generation facilities receive their timing signals. Additionally, an
I/O filter 26, which is controllable by the 45 main processor 11, is
utilized to prevent access of the co-processor card 22 to the other VO
devices 17-21 which are connected to the I/O bus 16 in the event that the
main processor 11 has a higher priority need for those devices. In a
similar sense, an interrupt filter 27 is utilized in the control of
interrupts associated with the co-processor. The interrupt filter 27 can
selectively block interrupt lines from the I/O bus 16 to prevent their
response by the co-processor. The logic of the interrupt filter 27 can also
allow the main processor 11 so to generate interrupts through I/O writes to
the co-processor card 22. By this means, the co-processor can be allowed to
directly process any interrupt, or the main processor 11 can require itself
to process the interrupt and regenerate an interrupt to the co-processor.
Thus, the main processor 11 is able to simulate any I/O device. Referring
now to Fig. 3, a logic diagram of the interrupt filter 27 of the
co-processor card 22 is shown. 55 Throughout the remainder of this
description it will also be helpful to refer to Fig. 6 for a depiction of
the contents of the various registers and memory which will be described
hereinafter. Four types of interrupt situations that may be associated with
the co-processor card 22 will be described. The first, and perhaps most
common, type of interrupt to be considered arrives at a set of AND gates 30
via a set of bus interrupt 3    EP 0 192 944 B1 lines 31. For the purposes
of this description, consider that the levels of interrupts that can be
conveyed along the bus interrupt lines 31 to the AND gates 30 are the bus
interrupts 1-5. Assuming that one of the interrupts 1-5 is present at the
appropriate one of AND gates 30, if this one of AND gates 30 is properly
conditioned by the mask register 32 (as is explained below) the interrupt
is gated through AND gates 30, 5  then through OR gates 33, to the
interrupt controller 34, and finally to the interrupt line of the
co-processor 35. As stated above, if the co-processor 35 is an Intel 80286,
the interrupt controller 34 may be an Intel 8259. In order for the
plurality of AND gates 30 to be properly conditioned to pass interrupts
therethrough, the mask register 32 must be previously loaded by the main
processor 11 via the I/O portion 16a of the data 10  bus 16. To allow the
AND gates 30 to be properly (and individually) conditioned relative to each
of the possible bus interrupts 1-5, a separate bit in the mask register 32
associated with each of the bus interrupts 1-5 is set if the main processor
11 desires the co-processor 35 to respond directly to one of the bus
interrupts 1-5. Thus, if the main processor 11 is utilizing resources such
that it cannot permit the co- processor 35 to directly respond to one of
the bus interrupts 1-5, the main processor 11 can dynamically 15 turn off
the bit in the mask register 32 associated with the particular interrupt
that the main processor 11 desires to prohibit response by the co-processor
35. As an example of this, assume that the bus interrupt level 3 is
associated with the fixed disk 17. Assume further that the co-processor 35
has recently been engaged in reads and/or writes with the fixed disk 17. If
the main processor 11 develops a need for access 



to the fixed disk 17, processor 11 can reset the bit in the mask register
32 associated with the interrupt 20 level 3 from a one to a zero which will
serve to decondition the one of the plurality of AND gates 30 associated
with the interrupt level 3. Another type of interrupt associated with the
co-processor card 22 is the outbound interrupt, which is distinct from the
inbound interrupt. In this case, other logic 37 on the co-processor card 22
has a need to issue an interrupt to the main processor 11. Such an
interrupt is designated in Fig. 3 as interrupt level 6. 25 Since this
interrupt is not on lines 31, it is not conveyed to AND gates 30. This
situation is as it should be, since the interrupt was intended for the main
processor and not for the co-processor 35. A third type of interrupt
associated with the co-processor card 22 is an interrupt intended for the
co- processor 35 which originates on the co-processor card 22 from one of
the local I/O devices on that card which are depicted by block 40. As
described above, one such I/O device may be, for example, a timer to 30
periodically issue a signal from which a time of day clock is updated. In
this case, the interrupt from the local I/O devices 40 is conveyed directly
along line 36 to the level 0 interrupt input of the interrupt controller 34
to be conveyed to the interrupt input of the co-processor 35. A fourth type
of interrupt processed by this logic on the co-processor card 22 is a
simulated interrupt of the co-processor 35 by the main processor 11.
Instead of entering the co-processor card 22 along lines 31, 35  this
simulated interrupt from the main processor 11 enters the co-processor
along the I/O data bus portion 16a of the data bus 16. Such an interrupt
signal on the I/O data bus 16a causes a force register 41 to directly
convey an interrupt signal, such as any of the interrupt levels 1 through
7, to the interrupt controller 34. It will be noted in this description
that the level 7 interrupt is not one of the interrupt levels that is ever
found on interrupt lines 31. Thus, the level 7 interrupt can only be forced
from register 41 in response to an 40  appropriate set of signals on the
I/O data bus portion 16a of the I/O bus 16. This facility allows the master
processor to provide interrupts for devices such as the keyboard that have
no assigned interrupt line in the I/O bus 16. The interrupt level 6,
however, can also be forced in this manner, even though the level 6
interrupt can also be conveyed outbound from the co-processor card 22 via
lines 31. Accordingly, it will be understood that the level 6 interrupt can
be sent outbound from co-processor card 32 on lines 31 and can 45 also be
simulated by the force register 41 to be conveyed to the interrupt
controller 34 for the co-processor 35. This facility allows a single
interrupt level to be used as a two way communication path between the main
processor 11 and the co-processor 35. Reference is now made to Fig. 4 for a
description of the logic whereby the co-processor 35 can be denied direct
access to devices on the I/O bus 16 depending on the current utilization of
these I/O devices 5o by the main processor 11. As an example, consider the
situation in which the co-processor 35 desires to read data from the fixed
disk 17. The co-processor 35 posts the address of the fixed disk 17 on the
co- processor address bus 45. This address is also made available to the
trap RAM 46 through a multiplexer 47. Assuming that the main processor 11
is currently utilizing the fixed disk 17, when the address of the fixed
disk 17 is conveyed to the trap RAM 46, a zero data bit is output from the
address in the trap RAM 46 55 corresponding to the address of the fixed
disk 17. This zero data bit is conveyed along the data line to the trap
control logic 48. At this point, the trap control logic 48 raises the BLOCK
R/W (block read/write) signal to a set of gates 49 in series with the I/O
READ and I/O WRITE lines from the co-processor 35. This serves to block
read and write signals from leaving the co-processor card 22 from the
co-processor 35. Since the 4    EP0192944B1 co-processor 35 is attempting
to read data from an I/O device, the co-processor 35 raises its I/O READ
line. Since the I/O READ and I/O WRITE lines are also input to the trap
control logic 48, this I/O READ signal in conjunction with the zero bit
from the trap RAM 46 causes the trap control logic 48 to begin a read trap 



sequence. The trap control logic 48 immediately issues a TRAP signal on the
NOT READY line to the co- 6 processor 35 to stop the co-processor 35 in
mid-cycle. At this time, the trap control logic 48 also disenables gate 50
to the I/O address bus portion 16b and disenables gates 51 to the data
portion 1 6a of the I/O bus 16. With these actions, the co-processor 35 has
now been fully disconnected from the I/O bus 16. Next, a signal on line 52
to the bus arbitration logic 53 results in the dropping of the -MASTER
LINE. This relinquishes any control of the I/O bus 16 by the co-processor
card 22. 10     The trap control logic 48 also generates a signal on line
55 which is input to an AND gate 56. The other input to the AND gate 56 is
from an interrupt control register 57. If the main processor 11 has
previously set the interrupt control register to allow an interrupt on an
I/O trap sequence, an IRQ 15 (level 15 interrupt) signal is output from the
AND gate 56. Next, the main processor 11 detects the requirement for
service by means of either the IRQ 15 signal or, in other instances, by
polling the co-processor status register 62. 15     The signal provided on
line 55 by the trap control logic 48 is also an input to a pair of AND
gates 60 and 61. The other inputs to gates 60 and 61 are the I/O READ and
I/O WRITE lines, respectively, from the co-processor 35. Thus, when the
signal appears on line 55 either AND gate 60 or AND gate 61 sets a bit in a
status register 62. A signal indicative of the requirement for either an 8
bit data bus or a 16 bit data bus, available at the output of the
co-processor 35, is also input to the status register 62. Thus, when the
main 20  processor 11 detects the requirement for service processor 11
reads the status register 62 which contents are gated from lines 63 through
gate 64 and onto the I/O data bus portion 16a of the data bus 16. The main
processor 11 now knows that the co-processor 35 has attempted to read data
from an I/O device on either an 8 bit wide or a 16 bit wide data channel.
The main processor now issues a read from the co-processor trap address
register. When this read is detected by the decoder 70, a select line in a
selection bus 75 is 25 raised to enable control logic 48 to open gates 65
to pass the address from the co-processor address bus 45 onto the I/O data
bus portion 16a of the I/O bus 16. The main processor 11 now has the
address from which the co-processor 35 attempted to read. The main
processor 11 can now either issue the read requests directly to the I/O
device or calculate what the read data should be. However the main
processor 11 derives the read data, it writes that data onto the I/O data
bus portion 16a, through a set of gates 66 and, 30 therefore, onto the
co-processor data bus 67 to the co-processor 35. Similarly to writing the
trap address to the I/O address bus portion 1 6b, the operation of writing
the read data to the co-processor data bus 67 involves the opening of a set
of gates (66) to allow the data onto the bus. Since the read data has now
been written to the co-processor 35, the trap control logic 48 drops the
NOT READY signal to the co-processor 35 to allow the co-processor 35 to
proceed. The co-processor 35 35 then receives the data that is being held
on the data bus 67 and proceeds with the operation as if the actual I/O
device had been read. The sequence is very similar for a trapped write
operation. In that case, the main processor 11 simply obtains the trap
address as in a read trap, then issues a read to the trap data register.
When this read is detected by decoder 70, a select line in selection bus 75
is raised to enable control logic 48 to open gates 4o 51 to pass the data
from the co-processor data bus 67 onto the I/O data bus 16a. The main
processor 11 can then writer the data to the I/O device if desired. Rather
than writing this data to an I/O device, this procedure can be followed
when it is desired to send data from the co-processor 35 to the main
processor 11 for use by the main processor 11 for some other purpose. Since
there is no requirement to write to a real I/O device, read or write traps
provide a convenient method of synchronizing the operation of the two 45
processors (commonly known as a semaphore) or of passing data between the
co-processor 35 and the main processor 11 during the running of diagnostics
or for passing parameters or parameter addresses from the co-processor 35
input/output operating system to service routines running in the main
processor 11. Referring now to Fig. 5, the logic is shown for loading the
trap RAM 46 by the main processor 11. The 50 trap RAM 46 may be an n by 1
bit static random access memory. As described relative to Fig. 4, when the
trap RAM 46 is addressed, the binary status of the single bit residing at
the particular address tells the trap 



control logic 48 whether or not the co-processor 35 can directly address an
I/O device on the I/O bus 16. For the purposes of this explanation, it is
assumed that a binary zero at the chosen address means that the
co-processor 35 cannot directly access the chosen I/O device on the I/O bus
16, while a binary value of 1 65 means that the trap control logic is not
invoked and the co-processor 31 can have direct access to the particular
device on the I/O bus 16 corresponding to the address in the trap RAM 46.
One of the particularly useful and important features of this invention is
that the main processor 11 can dynamically change the status of the
particular bits in the trap RAM 46. 5    EP0192944B1 Referring again to
Fig. 5, when the main processor 11 has control of the I/0 bus 16. the
MASTER line is at an up level. If the main processor then places a
particular "trap RAM update" address on the I/O address portion 16b of the
I/0 bus 16, a decoder 70 detects that the main processor 11 desires to
update the status of one of the bits in the trap RAM 46. An output of the
decoder 70 on line 71 switches the 5  multiplexer 47 from the default state
(which was described in Fig. 4, wherein the co-processor address bus 45
contents are gated through multiplexer 47 to the trap RAM 46) to a
temporary state in which data on the I/0 data bus portion 16a and the
co-processor data bus 67 is passed through the multiplexer 47 to address
the trap RAM 46. (This also requires enabling of the gates 66, Fig. 4.)
With the multiplexer so switched, the VO portion 16a of bus 16 as well as
the co-processor data bus 67 has now applied thereto by the main 10
processor 11 a plurality of at least m + 1 bits. The m bits are gated
through the multiplexer 47 to address a particular single bit memory
location in the trap RAM 46 while the additional bit is gated from the data
bus 67 through gate 68 to the data terminal of the trap RAM 46. Concurrent
with this the main processor 11 also causes the I/0 bus 16 I/0 write line
to rise to an up level. With the signal on line 71 from decoder 70 also at
an up level, the AND gate 72 provides an up level output to the WRITE
terminal of the trap RAM 46. In this 15  manner, the main processor 11 can
write either a zero or a 1 bit to a particular address in the trap RAM 46
which corresponds to a particular I/0 device. Referring back to Fig. 3, in
a similar manner decoder 80 is used to set particular bits to binary zero
or one levels in the force register 41 and in the mask register 32 in a
manner analogous to that described just above for setting the bits in the
trap RAM 46. It will, therefore, be understood by those skilled in the art
that 20 the dynamic flexibility offered by this technique relative to I/O
traps is also offered relative to interrupt controls. Table 1 of the
following programming design language is another form of the description of
the above- described operations for performing a trapped READ operation.
This listing parallels the operation described above relative to Fig. 4. 25
30 35 40 45 50 55 6    EP0192944B1 



TABLE 1 READ TRAP: 5     Trap address = TRAP ADDRESS REGISTER     ! get the
trap address Compare Trap address with Traptable (table of trap addresses)
10 If Trap access is a semaphore address Then Do; Execute whatever action
semaphore indicates 16           Trap data = calculated semaphore response
End Do; 20 ElseIf Trapaddress is shared device Then Do; If Device can be
assigned to co-processor 25                Then Do; Trap RAM = Assign
device to co-processor Read data = Read I/O device port 30
End Do; Else  ( device cannot be reassigned Notify user of conflicting
demands and exit 35 ElseIf Trap address is an emulated device Then Do; Read
some actual I/O device if necessary 40 Calculate emulated read response 45
50 55 7    EP0192944B1 Read data = calculated emulated read response End
Do; 5 Else Trap should not have occurred. Notify user and exit 10 Endif;
Endif; Endif; If 16-bit flag = False Then Do; 15                 Exchange
high and low bytes of Read data as address   requires   so   that
co-processor receives 20                    data on correct bus lines. End
Do; TRAP  DATA  REGISTER  =  Trap data;  !  send  the  data  to 25
co-processor 



End READTRAP; 30 Table 2 of the following programming design language is
another form of the description of the above- described operations for
performing a trapped WRITE operation. This listing parallels the operation
described above relative to Fig. 4. 35 TABLE 2 WRITETRAP: 40 Trapaddress =
TRAP ADDRESS REGISTER ! get the trap address 45  Compare  Trap   address
with  Trap-Table  (table  of  trap addresses) If Trap address is a
semaphore address 50      Then Do; 55 8    EP O 192 944 B1 Write data =
Read TRAP DATA REGISTER If 16-bit data = False 5                   Then
Exchange high and low data bytes of Write data if address requires to that
correct byte is processed. 10             Execute whatever action semaphore
indicates using Write data as a parameter End Do; ElseIf Trap address is
shared device Then Do; 15 If Device can be assigned to co-processor Then
Do; 20                        Trap RAM = Assign device to co-processor
Write-data - TRAP DATA REGISTER If 16-bit data = False Then 25
Exchange high and low data bytes of Write data as address requires so that
correct byte is processed. Write I/O device port = Write data 30
End Do; Else ( device cannot be reassigned ) Notify user of conflicting
demands and exit 35 ElseIf Trap address is an emulated device Then Do; 



Write-data = TRAP DATA REGISTER If 16-bit data = False Then Exchange high
and low data bytes of 45                        Write data if address
requires so that correct byte is processed. Calculate proper emulation
action Write some actual I/O device if necessary, either so
with Write data or with calculated data End Do; 55 9    EP 0 192 944 B1
Else Trap should not have occurred. Notify user and exit 5      Endif;
Endif; Endif; End WRITE TRAP; 10 Table 3 of the following programming
design language is another form of the description of the above- described
operations for setting the availability of I/O devices in the trap RAM, for
use by the co-processor 35. This listing parallels the operation described
above relative to Fig. 5. 15                                  TABLE  3
INITIALIZE: Stop co-processor; 20 Write Trap Ram  from stored table of
assignments.   User may be given menu option to assign devices  such as
printer to main  processor   or, co-processor   as  required.    If  user
25 makes choices, modify table of assignments to reflect current
assignment. 30 INTERRUPT CONTROL REGISTER = other contents + INTERRUPT ON
I/O I Enable co-processor interrupt on I/O trap 35 Start co-processor; 40
End INITIALIZE; Table 4 of the following program design language is another
form of the description of the service loop program running in the main
processor. When this routine detects the need for service, the routines in
46 Table 1 and 2 are called as necessary. 60 55 10  



EP0192944B1 TABLE 4 5     SERVICE  LOOP: Begin;
! repeat loop indefinitely 10 Wait for interrupt 15; 15    Flags  =  STATUS
REGISTER;                   ! read  the  flags  register If (Flags & 16-bit
I/O bit) < > 0 Then 16-bit flag = True; 20                    Else  16-bit
flag = False; If  (Flags  & READ  I/O  bit)  <  > 0 25
Then  READTRAP; Else  If  (Flags  & WRITE  I/O  bit)  <  > 0 30
Then  WRITETRAP; Else Some other trap not part of this disclosure; 35
Endif; End  SERVICE_ LOOP;                          ! repeat from begin 40
In summary, a control technique is described for a main
processor/co-processor environment in which I/O facilities are shared
between a master processor and a co-processor. The actual management of the
shared I/O resources is made transparent to the co-processor by providing
trapping logic incorporated in a 45  random access memory, loadable by the
master processor, which contains data related to the current useability by
the co-processor of any of the shared I/O devices. Logic is also associated
with the co- processor to manage interrupts to and from the co-processor
card. While the system described herein has used as examples, specified
micro-processors and controllers, it will be understood by those skilled in
the art that the principles of this invention can be applied in systems 5o
employing processors of any size, large or small, fast or slow, the
examples of hardware having been used herein only for the purposes of
description, and not by way of limitation. Claims 55  1. Data processing
system  including a main processor (11), a co-processor (22), and at least
one inpuVoutput (I/O) device (17) connected to a bus (16), the co-processor
operating concurrently with the main processor and selectively sharing
utilization of the I/O device; said system comprising: trap storing means
(46) containing at an address corresponding to the I/O device address
status data    TABLE 4 5   SERVICE LOOP: Begin;
! repeat loop indefinitely 10 Wait for interrupt 15; Flags = STATUS
REGISTER;                     ! read the flags register 15 If (Flags &
16-bit I/O bit) < > 0 



Then 16-bit flag = True; 20                   Else  16-bit  flag = False;
If (Flags & READ I/O bit) < > 0 25                    Then  READ  TRAP;.
Else  If  (Flags  & WRITE  I/O bit)  <  > 0 30                    Then
WRITE  TRAP; Else Some other trap not part of this disclosure; 35 Endif;
End  SERVICELOOP;                           I repeat from begin 40 In
summary, a control technique is described for a main processor/co-processor
environment in which I/O facilities are shared between a master processor
and a co-processor. The actual management of the shared I/O resources is
made transparent to the co-processor by providing trapping logic
incorporated in a 45  random access memory, loadable by the master
processor, which contains data related to the current useability by the
co-processor of any of the shared I/O devices. Logic is also associated
with the co- processor to manage interrupts to and from the co-processor
card. While the system described herein has used as examples, specified
micro-processors and controllers, it will be understood by those skilled in
the art that the principles of this invention can be applied in systems so
employing processors of any size, large or small, fast or slow, the
examples of hardware having been used herein only for the purposes of
description, and not by way of limitation. Claims 55 1. Data processing
system including a main processor (11), a co-processor (22), and at least
one input/output (I/O) device (17) connected to a bus (16), the
co-processor operating concurrently with the main processor and selectively
sharing utilization of the I/O device; said system comprising: trap storing
means (46) containing at an address corresponding to the 1/O device address
status data    EP 0 192 944 B1 related to the current useability by the
co-processor of the I/O device and dynamically changeable by the main
processor when said I/O device is currently used by said main processor,
said co-processor, when attempting access to said I/O device, addressing
said trap storing means at said address corresponding to the I/O device
address, for selectively preventing said co-processor from accessing 5
directly said I/O device. trap control means (48) for utilizing said main
processor to service'said attempted access to said I/O device when said
status data of said trap storing means has been changed to prevent direct
access to said I/O device by said co-processor, whereby concurrent direct
utilization of said I/O device by said main processor and said co-processor
is 10     allowed at those times when exclusive access by said main
processor is not required. 2. The system according to claim 1 wherein said
status data contained in said trap storing means (46) is a status bit being
dynamically changeable by said main processor (11). 16  3. The system
according to claim 2 further comprising means (48,49,50) for disconnecting
said co- processor (22) from said bus (16) when said status bit indicates
that said input/output device (17) is currently utilized by said main
processor (11). 4. The system according to claim 1 or 2 further comprising
means (55, IRQ 15) for issuing an interrupt 20     signal to said main
processor when said first means has been enabled to prevent direct access
to said 



input/output device (17) by said co-processor (22). 6. The system according
to any one of claims 2, to 4 further comprising means (70, 75, 65) allowing
said main processor (11) to read the address of said input/output device
(17). 25 6 The system according to Claim 5 further comprising means for
causing said main processor (11) to access said inut/output device (17)
corresponding to said address and read data from said in- puVoutput device
or write data thereto. 30  7. The system of Claim 6 further comprising
means for causing said co-processor (22) to be temporarily reconnected to a
portion of said bus (16), and means for causing said main processor (11) to
communicate said data read from said inpuVoutput device (17) to said
co-processor (22), or causing said co-processor to communicate said data to
be written from said co-processor to said main processor. 35 8 The system
of any one of the preceding claims further comprising means (32)
controllable by said main processor (11) for selectively preventing an
interrupt from reaching said co-processor (22). 9. The system of Claim 8
further comprising means (37, 41) controllable by said main processor (11)
for 40     creating an interrupt from data on a data portion of said bus
(16) and causing this created interrupt to be sent to said co-processor
(22). 10. The system according to any one of the preceding claims wherein
said input/output device (17) is a real or emulated input/output device. 45
11. Method for configuring a system comprising a main processor (11) and at
least an input/output device (17) to allow the addition of a co-processor
(22) capable of operation concurrent with that of said main processor and
selectively sharing utilization of said input/output device, said method
comprising the following steps: 60     changing, by means of the main
processor, the status data contained in trap storing means at an address
corresponding to the input/output device address and related to the current
useability by the co-processor of said input/output device when said
inpuVoutput device is currently used by said main processor, for
selectively preventing direct access to said input/output device by said
co-processor, and said co-processor, when attempting access to said
input/output device, addressing said trap storing 56     means at said
address corresponding to the input/output device address, and being
prevented from accessing directly said input/output device according to
said status data utilizing said main processor to service an attempted
access of said input/output device by said coprocessor when said direct
access to said input/output device by said co-processor has been 12    EP 0
192 944 B1 selectively prevented, and allowing concurrent utilization of
said input/output device by said main processor and co-processor when said
direct access to said input/output device is not being selectively
prevented. 5  PatentansprUohe 1. Datenverarbeitungssystem mit einem
Hauptprozessor (11), einem Coprozessor (22) und mindestens einem an einen
Bus (16) angeschlossenen Ein-/Ausgabe-(E/A-)Gerlt (17), wobei der
Coprozessor und der Hauptprozessor gleichzeitig in Betrieb sind und des
E/A-Gerat selektiv gemeinsam benutzen, und 10     das System folgendes
aufweist: ein Unterbrechungsspeichermittel (48), das bei einer Adresse, die
der Adresse des E/A-Gerates 



entspricht, Statusdaten in bezug auf die aktuelle Benutzbarkeit des
E/A-Gerates durch den Coprozessor enthalt, die vom Hauptprozessor dynamisch
geandert werden konnen, wenn das E/A-Gerat gerade vom Hauptprozessor
benutzt wird, der Coprozessor be! dem Versuch, auf des EIA-Gerat
zuzugreifen, indem is     er das Unterbrechungsspeichermittel bei der
Adresse adressiert, die der Adresse des E/A-Gerates entspricht, am direkten
Zugriff auf das E/A-Gerat selektiv gehindert wird, ein
Unterbrechungssteuermittel (48), um den Hauptprozessor dazu zu benutzen,
den versuchsweise erfolgten Zugriff auf das E/A-Gerat zu bedienen, wenn die
Statusdaten des Unterbrechungsspeichermit- tels geindert wurden, um den
direkten Zugriff des Coprozessors auf das E/A-Gerat zu'verhindem, 20
wobei eine gleichzeitige direkte Benutzung des E/A-Gerates durch den
Hauptprozessor und den Coprozessor dann erlaubt ist, wenn ein
ausschlieBlicher Zugriff des Hauptprozessors nicht erforderlich ist. 2. Das
System gemi  Anspruch 1, wobei es sich bei den in dem
Unterbrechungsspeichermittel (46) 25     enthaltenen Statusdaten um ein
Statusbit handelt, das vom Hauptprozessor (11) dynamisch geindert werden
kann. 3. Das System gemaB Anspruch 2, das auBerdem Mittel (48, 49, 50)
aufweist, um den Coprozessor (22) von dem Bus (16) zu trennen, wenn das
Statusbit anzeigt, daB das Ein-/Ausgabegerat (17) gerade vom 30
Hauptprozessor (11) benutzt wird. 4. Das System gemaB Anspruch 1 oder 2,
das auBerdem Mittel (55, IRO 15) aufweist, um ein Unterbre- chungssignal an
den Hauptprozessor auszugeben, wenn dieses erste Mittel aktiviert worden
ist, um den direkten Zugriff des Coprozessors (22) auf das
Ein-/Ausgabegerat (17) zu verhindem. 35 5. Das System gemaB jedem der
AnsprOche 2 bis 4, das auferdem Mittel (70, 75, 65) aufweist, die es dem
Hauptprozessor (11) gestatten, die Adresse des Ein-/Ausgabegerates (17) zu
lesen. 6. Das System gemaB Anspruch 5, des auBerdem Mittel aufweist, um zu
veranlassen, daB der Hauptpro- 40     zessor (11) auf das Ein/Ausgabegerat
(17), das der Adresse entspricht, zugreift und Daten von dem
Ein-/Ausgabegerat liest oder Daten darauf schreibt. 7. Das System gemaB
Anspruch 6, das auBerdem Mittel aufweist, um zu veranlassen, daB der
Coprozes- sor (22) vorUbergehend wieder an einen Teil des Busses (16)
angeschlossen wird, sowie Mittel, um zu 45     veranlassen, daB der
Hauptprozessor (11) die Lesedaten von dem Ein-/Ausgabegerat (17) an den
Coprozessor (22) Ubertragt, oder um zu veranlassen, daB der Coprozessor die
Daten Ubertragt, damit sie vom Coprozessor auf den Hauptprozessor
geschrieben werden k8nnen. 8. Das System gemaB jedem der vorstehenden
AnsprUche, des auBerdem Mittel (32) aufweist, die vom so     Hauptprozessor
(11) gesteuert werden konnen, um selektiv zu verhindem, daB eine
Unterbrechung den Coprozessor (22) erreicht. 9. Des System gemaB Anspruch
8, das auBerdem Mittel (37, 41) aufweist, die vom Hauptprozessor (11)
gesteuert werden k8nnen, um eine Unterbrechung von Daten auf einem
Datenteil des Busses (16) zu 56     erzeugen und um zu veranlassen, daB
diese erzeugte Unterbrechung an den Coprozessor (22) Ubertragen wird. 13
EP O 192 944 B1 10. Das System gemaBl jedem der vorstehenden Ansprache,
wobei es sich bei dem Ein-/Ausgabegerat (17) um ein echtes oder emuliertes
Ein-/Ausgabegerdt handein kann. 11. Verfahren zur Konfiguration eines
Systems mit einem Hauptprozessor (11) und mindestens einem Ein- 5
/Ausgabegerat (17), um das HinzufUgen eines Coprozessors (22) zu
erm6glichen, der gleichzeitig mit dem Hauptprozessor betrieben werden kann,
und wobei beide das Ein-/Ausgabegerlt selektiv gemein- 



sam benutzen, wobei das Verfahren die folgenden Schritte umfaBt: das Andern
der Statusdaten mittels des Hauptprozessors, die in einem
Unterbrechungs-Speichermittel bei einer Adresse enthalten sind, die der
Adresse des Ein-/Ausgabegerltes entspricht, und die sich auf 10     die
aktuelle Benutzbarkeit des Ein-/Ausgabegerltes durch den Coprozessor
beziehen, wenn das Ein- /Ausgabegerat gerade vom Hauptprozessor benutzt
wird, um den direkten Zugriff des Coprozessors auf das Ein-/Ausgabegerat
selektiv zu verhindem, und der Coprozessor bei dem Versuch, auf das
Ein-/Ausgabegerft zuzugreifen, indem er das Unterbre- chungsspeichermittel
bei der Adresse adressiert, die der Adresse des Ein-/Ausgabegerates
entspricht, 15     an einem direkten Zugriff auf das Ein-/Ausgabegerat
entsprechend den Statusdaten gehindert wird, die Verwendung des
Hauptprozessors zur Bedienung eines versuchsweise erfolgten Zugriffs des
Coprozessors auf das Ein-/Ausgabegerat, wenn der direkte Zugriff des
Coprozessors auf das Emn- /Ausgabegerat selektiv verhindert wurde, und das
Gestatten der gleichzeitigen Benutzung des Ein- /Ausgabegerates durch den
Hauptprozessor und den Coprozessor, wenn der direkte Zugriff auf das 20
Ein-/Ausgabegerat nicht selektiv verhindert wird. Revendlicatlons 1.
Systeme de traitement de donn6es comprenant un processeur principal (11),
un co-processeur (22) et 25     au moins un dispositif d'entrde/sortie
(V/0) (17) connecte a un bus (16), le co-processeur fonctionnant
simultandment avec le processeur principal et partageant s6lectivement
l'utilisation du dispositif I/0; ledit systbme comprenant: un moyen
d'emmagasinage de ddroutement (46) contenant, a une adresse correspondent a
ladresse du dispositif l/0 des donn~es d'4tat relatives a la possibilite
d'utilisation courante par le co- 30     processeur du dispositif l/0 et
modifiables dynamniquement par le processeur principal lorsque ledit
dispositif l/O est utilise par ledit processeur principal, ledit
co-processeur, lorsqu'il terite d'accdder audit dispositif l/0 adressant
ledit moyen d'emmagasinage de d6routement a ladite adresse correspondent a
l'adresse du dispositif l/O pour empOcher sdlectivement ledit co-processeur
d'acceder directement audit dispositif l/O, 95         un moyen de commande
de d~routement (48) pour utiliser ledit processeur principal au service de
ladite tentative d'accbs audit dispositif l/O lorsque lesdites donndes
d'6tat dudit moyen d'emmagasina- ge de deroutement ont MtX modifi6es pour
emp~cher l'acces direct audit dispositif l/O par ledit co- processeur, de
sorte que l'utilisation directe et simultanee dudit dispositif U/0 par
ledit processeur principal et 40     ledit co-processeur est permise aux
instants oO l'acces exclusif par ledit processeur principal n'est pas
n~cessaire. 2. Systeme selon la revendication 1 dans lequel lesdites
donn6es d'etat contenues dans ledit moyen d'emmagasinage (40) sont un bit
d'dtat qui est dynamiquement modifiable par ledit processeur 45
principal (11). 3. Systbme selon la revendication 2 comprenant en outre des
moyens (48, 49, 50) pour deconnecter ledit co-processeur (22) dudit bus
(16) lorsque ledit bit d'6tat indique que ledit dispositif d'entrde/sortie
(17) est utilis6 par ledit processeur principal (11). 50 4. Systeme selon
la revendication 1 ou 2 comprenant en outre des moyens (55,IRQ 15) pour
fournir un signal d'interruption audit processeur principal lorsque ledit
moyen d'emmagasinage de d6routement a Mt4 active pour emp~cher l'accbs
direct audit dispositif d'entrde/sortle (17) par ledit co-processeur (22).
55  5. Systbme selon l'une quelconque des revendications 2 & 4 comprenant
en outre des moyens (70, 75, 65) permettant audit processeur principal (11)
de lire l'adresse dudit dispositif d'entree/sorUe (17). 14   



EP 0 192 944 B1 *   C   L   M   S   * 6. Systehme solon la revendication 5
comprenant en outre des moyens pour faire accdder ledit processeur
principal (11) audit dispositif d'entrie/sortie (17) correspondant a ladite
adresse et lire des donn~es A partir dudit dispositif d'entr~o/sortie ou
6crire des donnees. 5  7. Systeme salon la revendication 6 comprenant en
outre des moyens pour effectuer la reconnexion temporaire dudit
co-processeur (22) a une portion dudit bus (16) et des moyens pour quo
ledit processeur principal (11) communique lesdites donnees lues a partir
dudit dispositif d'entrde/sortie (17) audit co-processeur (22), ou que
ledit co-processeur communique lesdites donn~es a dcrire dudit co-
processeur audit processeur principal. 10 8. Systeme solon l'une quelconque
des revendications prdc6dentes comprenant en outre un moyen (32) command4
par ledit processeur principal pour empecher salectivement une interruption
d'atteindre ledit co-processeur (22). 15  9. Systbme solon la revendication
8 comprenant en outre des moyens (37, 41) commandos par ledit processeur
principal (11) pour cr~er une interruption des donndes sur une portion
dudit bus (16) et faire envoyer cette interruption cr4ee audit
co-processeur (22) 10. Systbme solon l'une quelconque des revendications
pr6c6dentes dans lequel ledit dispositif d'en- 20     tr~e/sortie (17) est
un dispositif d'entr~e/sortie r~el ou 1muld. 11. M6thode pour configurer un
systbme comprenant un processeur principal (11) et au moins un dispositif
d'entree/sortie (17) pour permettre l'addifion d'un co-processeur (22)
pouvant fonctionner simultan6- ment avec ledit processeur principal et
partager s~lectivement l'utilisation dudit dispositif d'en- 25
trdelsortie, ladite m~thode comprenant les etapes suivantes: changer, au
moyen du processeur principal, les donnees d'etat contenues dans un moyen
d'emmagasinage de deroutement a une adresse correspondant A I'adresse du
dispositif d'entroelsortie et relative a la possibilit4 d'utilisation
courante par le co-processeur dudit dispositif d'entr~e/sortie lorsque
ledit dispositif d'entreelsortie est utilisW par ledit processeur
principal, pour emp~cher selective- 90      ment l'accbs direct audit
dispositif d'entree/sortir par ledit co-processeur, ledit co-processeur,
lorsqu'il tente d'acc~der audit dispositif d'entrdelsortie, adressant ledit
moyen d'emmagasinage de deroutement a ladite adresse correspondant I
l'adresse du dispositif d'en- trde/sortie, et 6tant emp8che d'accdder
directement audit dispositif d'entrde/sortie solon lesdites donndes d'etat;
95         utilisor ledit processeur principal pour servir une tentative
d'accbs dudit dispositif d'entree/sortie par ledit co-processeur lorsque
l'accbs direct audit dispositif d'entrde/sortie par ledit co-processeur a
6$ s~lectivement emp~chd; et permettre l'utilisation simultanee dudit
dispositif d'entr6e/sortie par ledit processeur principal et ledit
co-processeur lorsque l'acces direct audit dispositif d'entree/sortie n'est
pas s6lectivement emp8che. 40 45 50 55 15    


