
2237421 APPARATUS AND METHODS FOR INTERFACE REGISTER HANDSHAKE FOR
CONTROLLING DEVICES. BACKGROUND  OF THE INVENTION 1.   Field of the
Invention: This invention relates to computer bus interface systems and,
more 5  particularly, to apparatus and methods for minimizing the time
necessary when controlling devices across a bus interface in a computer
system. 2.   History of the Prior Art: U.S Patent Application No.
07/297,590, entitled APPARATUS AND 10  METHOD FOR LOADING COORDINATE
REGISTERS FOR USE WITH A GRAPHICS SUBSYSTEM UTILIZING AN INDEX REGISTER,
Priem and Malachowsky, filed January 3, 1989, describes a graphics
accelerator adapted to process data as rapidly as information is capable of
being accepted by a video frame buffer for a computer output display. Each
stage of the 15   graphics accelerator described therein must be capable of
operating at as high a speed as possible in order to maintain the overall
speed of the graphics accelerator. Consequently, the interface stage
between the central processing unit and the graphics accelerator must be
capable of operating at a speed which processes data at the aforementioned
rate. 20 The steps that the central processing unit associated with the
typical graphics accelerator of the prior art must accomplish to initiate
any particular operation by which information is written to the computer
output display are many. It must at least 1) check the status of the
graphics accelerator to 25  determine whether the data registers are ready
to receive data, 2) write all of the data necessary to the registers of the
graphics accelerator, 3) read the status register of the graphics
accelerator to find out whether any exceptions   



-2- exist which would make the operation impossible to accomplish, and 4)
write the command to the graphics accelerator to initiate its operation. A
typical write operation for two pieces of data, such as an X and a Y value
of a point to be displayed, requires at least five individual accesses by
the central processing 5   unit of the graphics accelerator. It will be
appreciated that such an operation will require a substantial amount of
time, particularly because read accesses require a great deal of time. If
the interface between the central processing unit and the graphics 10
accelerator requires such a period of time in order to accomplish the
initiation of each operation, then the interface cannot possibly transfer
data at a rate sufficient to match the bandwidth of the video frame buffer.
Moreover, with so many individual accesses involved, if the interface time
to initiate any particular operation is long there are a great number of
instances in which 15    another task might run in a multi-tasking system
before the current task can finish. This can lead to problems of stale data
and excessive context save/restore overhead.    -3- SUMMARY OF THE
INVENTION It is, therefore, an object of the present invention to expedite
the operation of a graphics accelerator. 5 It is another object of the
present invention to provide apparatus and methods for using that apparatus
to reduce the time necessary for initiating operations with a graphics
accelerator. 



10        It is another object of the present invention to reduce the time
required to check the status of the graphics accelerator. It is a more
particular object of the present invention to provide apparatus and methods
for accelerating the host interface register handshake 15   between a
central processing unit and a graphics accelerator. These and other objects
of the present invention are accomplished by a method of initiating an
operation for a particular command from a first computer module through a
system interface to a second computer module having data 20  registers and
a status register comprising the steps of writing data to the data
registers in the second computer module, and reading the condition of the
status register in the second computer module to cause the initiation of
the particular command by which reading the status of the data registers
and issuing the particular command as separate steps are eliminated. 25
These and other objects and features of the present invention will be
better understood by reference to the detailed description of the invention
which follows taken together with the drawings in which like elements are
referred to by like designations throughout the several figures.    BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 illustrates a flow chart for the prior
art method of initiating an operation across a computer bus to a register
interface of a device. 5 Figure 2 illustrates a flow chart for a first
method for reducing the time 



necessary to initiate an operation across a computer bus to a register
interface of a device. 10        Figure 3 illustrates a flow chart for a
second method for reducing the time necessary to initiate an operation
across a computer bus to a register interface of a device. Figure 4
illustrates a flow chart for a third method for reducing the time 15
necessary to initiate an operation across a computer bus to a register
interface of a device. Figure 5 illustrates a status register for a
particular module operating at a computer bus interface in accordance with
the invention. 20 Figure 6 is a comparison of the minimum and the maximum
number of clock cycles required for the different processes defined herein
and a comparison of relative times. 25        Figure 7 is a block diagram
illustrating a circuit configuration for carrying out the invention.    -6-
NOTATION  AND  NOMENCLATURE Some portions of the detailed descriptions
which follow are presented in terms of algorithms and symbolic
representations of operations on data bits s  within a computer memory.
These algorithmic descriptions and representations are the means used by
those skilled in the data processing arts to most effectively convey the
substance of their work to others skilled in the art. An algorithm is here,
and generally, conceived to be a self-consistent 10  sequence of steps
leading to a desired result. The steps are those requiring physical
manipulations of physical quantities. Usually, though not necessarily, 



these quantities take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared, and otherwise manipulated.
It has proven convenient at times, principally for reasons of common usage,
to refer 15   to these signals as bits, values, elements, symbols,
characters, terms, numbers, or the like. It should be borne in mind,
however, that all of these and similar terms are to be associated with the
appropriate physical quantities and are merely convenient labels applied to
these quantities. 20        Further, the manipulations performed are often
referred to in terms, such as adding or comparing, which are commonly
associated with mental operations performed by a human operator. No such
capability of a human operator is necessary or desirable in most cases in
any of the operations described herein which form part of the present
invention; the operations are 25  machine operations. Useful machines for
performing the operations of the present invention include general purpose
digital computers or other similar devices. In all cases the distinction
between the method operations In    -7- operating a computer and the method
of computation itself should be borne in mind. The present invention
relates to apparatus and to method steps for operating a computer in
processing electrical or other (e.g. mechanical, chemical) physical signals
to generate other desired physical signals.    -8- DETAILED DESCRIPTION  OF
THE INVENTION As outlined above, the initiation of a typical write
operation using a prior 



art graphics accelerator requires at least five accesses to the graphics 5
accelerator by the central processing unit. These accesses are illustrated
in the flow chart of Figure 1 and include two read operations and three
write operations. The read operations are required to determine whether the
registers of the graphics accelerator are ready to receive data (step 1)
and to discover the status of the graphics accelerator (step 3). The write
operations 10  are required to write the two pieces of data (step 2)
necessary to determine a point on the computer output display (for a
two-dimensional display) and to write the particular command to be
accomplished (step 4). A typical write operation at an interface may
require from three to seven 15  clock periods to accomplish the handshake
required between systems for the operation. On the other hand, a typical
read handshake operation in a computer bus interface system may require
from five clock cycles to twelve clock cycles in order to accomplish the
handshake operation. Moreover, certain read operations may require an
unknown amount of time to accomplish. 20 Since both read and write
handshake operations require a significant number of clock periods in the
operation of a computer system (the read operations usually requiring
substantially more time than the write operations), the number of read and
write operations involved in the initiation of any 25  particular operation
at any computer interface limits the speed with which the particular
operation can be initiated. This specification describes apparatus    -9-
and methods for reducing the number of read and write accesses necessary to
initiate any such operation. A first arrangement is illustrated in the flow
chart of Figure 2 for reducing 



5 the time necessary to initiate any operation. This first arrangement
eliminates the first read operation required by the central processor in
order to determine whether the registers of the graphics accelerator are
able to receive the new data to be written. In order to accomplish this, an
assumption is made that the graphics accelerator is, as a default, able to
accept data transferred to it and 10  that any data transferred will be
utilized by the graphics accelerator. This implementation ignores the first
step of the prior art method in which it is determined whether the
registers of the graphics accelerator are full and instead writes the data
to those registers presuming they are empty. If the particular object being
written is a two-dimensional figure, such an operation 15    requires two
individual write accesses for the X and Y coordinates of the particular
point to be written; if the information being written is three-
dimensional, then three individual write accesses are necessary in order to
write the three individual coordinates of the particular point. 20
Two concomitants exist from the assumption that the registers of the
graphics accelerators are not full. First, the central processor must wait
for the graphics accelerator to be in a condition where its registers are
ready to accept more data (not full) in order for the optimization to
operate correctly. Second, once the command has been written to the
graphics accelerator by 25  the processor, the command must be completed by
the graphics accelerator so that its registers are not full and are ready
to accept the next data to be written. In this embodiment, once a command
is initiated the data is copied to an    -10- internal set of registers so
that the data registers are ready to accept the next data. In the system
described in the above-mentioned copending patent application, a number of
pipelined register stages are available for this 



purpose. 5 In this implementation, the next step after writing the data to
the registers (step 2) is to read the status of the graphics accelerator to
make sure that the object can be drawn (that no exception exists) and that
the data registers are ready to accept the next data. 10 As will be
understood by those skilled in the art, this first implementation of the
present invention requires three write operations (for two dimensional
objects) and a single read operation thereby eliminating one read operation
requiring at least five clock cycles and substantially enhancing the speed
of 15  operation of the bus interface. Figure 6 offers a comparison of the
relative times for the prior art operation and the first implementation of
the invention. It will be seen that the elimination of the first read
operation required by the prior art offers a 35% improvement in speed of
operation. 20        A second implementation of the present invention is
illustrated in the flow chart of Figure 3. This implementation eliminates
the step which requires that    the command itself be written after the
data is loaded in the data registers and the status has been determined. In
this implementation, if the status is read and there is no exception, then
the command is executed automatically. The graphics accelerator described
in U.S Patent Application No. 07/297,590, 5    entitled APPARATUS AND
METHOD FOR LOADING COORDINATE REGISTERS FOR USE WITH A GRAPHICS SUBSYSTEM
UTILIZING AN INDEX REGISTER, Priem and Malachowsky, filed January 3,1989,
is especially adapted to accomplish such an operation. This graphics
accelerator includes individual status registers for a draw operation and
for a 



10   block move operation. Consequently, when one of these status registers
is addressed and no exception exists, the next (command) step is known
simply from the address of the status register which has been read; and the
command may be executed without a separate command being written. 15
The steps required to implement the write operation are thus first to write
the data to the data registers of the graphics accelerator (again, two
write accesses are required for two-dimensional vertices while three write
accesses are required for three-dimensional vertices), then to read the
status of the graphics accelerator by reading all of the bits of the status
register. If there is 20  no exception, then the command is executed. If
there is an exception then the command is not executed. However, this
latter situation is the same situation that the system would be in were it
to have used the prior art method for initiating each operation.
Consequently, the lack of the step of writing the command to the graphics
accelerator does not affect system operation when an 25  exception occurs.
- 12 - It will be understood that implementing the initiation of an
operation in manner reduces the transaction to two write accesses and a
single read access thereby substantially reducing the time required for
implementing any particular operation. Figure 6 offers a comparison of the
relative times for the 5   prior art operation and the second
implementation of the invention. A third implementation (shown in Figure 4)
may be practiced by varying the read operation utilized for checking the
status register from that typically found in the prior art. Normally the
status register includes a number of bits 10   which are set to indicate
individual exceptions. For example, in the graphics accelerator referred to
in the first above-mentioned co-pending patent 



application, the graphics accelerator does not handle operations which lie
outside a particular test window area, does not handle operations lying
outside particular clip window areas, does not handle the drawing of at
least one form 15  of quadrilateral, refers transformation overflows or
underflows to the associated processor for solution, refers divide-by-zero
operations from its transformation engine to the associated processor, and
does not handle operations when its pipelines are full. Normally, each of
these exceptions would be indicated by its own individual bits in the
status register. 20 The usual operation required to read the status
register of a prior art graphics accelerator requires reading all of these
exception bits, loading a mask to determine a particular exception, ANDing
together the bits of the mask and those in the status register to select
the bits to be utilized, comparing the 25   bits to be utilized (possibly
with another mask), and, finally branching to the particular operation to
be carried out in response to the exception.    - 13 - In contrast to such
prior art arrangements, the present invention uses a status register such
as that illustrated in Figure 5 which includes, in addition to exception
bits for each of the individual exceptions, an overall exception bit held
in the high order bit 31 of the status register. The graphics accelerator 5
ORs each of the individual exception bits in each of the exception bit
positions other than bit 31 and provides a one at bit 31 if any one or more
exceptions exist. Consequently, a one in bit position 31 of the status
register indicates that an exception exists. A zero in the bit position 31
of the status register, on the other hand, indicates that no exception
exists and the operation may proceed 10   without further checking.
Processors commonly have instructions that test bits 



and then branch deterministically if the bits are set or not set. It is
generally true that all processors have a test for positive and negative
operands by looking at the high-order bit and doing a branch if the bit Is
"0" (positive) or "1" (negative). Since bit 31 is the high-order bit
normally used in thirty-two bit computer is  systems to indicate whether a
number stored in a register is negative or positive, most microprocessors
are able to determine the status of that particular bit efficiently.
Consequently, all that is necessary for the read access of the status 20
register utilizing the present invention is to read the status word, test
bit 31 and if a zero is present indicating the status is positive, branch
(branch on greater than or equal to zero) to the next operation to be
accomplished. This substantially reduces the time required for processing
the particular read access. If, on the other hand, a one exists in the
status bit 31 indicating the 25  status IS negative, the entire status word
has been read by the processor; and that status word need not be read again
for the exception which exists. By simply sampling the particular bits of
the status word, the processor utilizing the    - 14 graphics accelerator
is able to determine which exception exists and how to branch in response
to that exception. Figure 7 illustrates in block diagram form an interface
for accomplishing 5     such an operation. The circuit includes a host
computer 10 with which is associated a device state machine 15. The state
machine 15 may take any of a number of different forms; for example, the
state machine 15 may be a graphics accelerator such as that described in
the patent application just referred to. Between the host computer and the
state machine 15 is an interface logic 10  circuit 14. The circuit 14 is
joined to the host computer 10 by an address bus 



11, a data bus 12, and control lines 13. Address information is furnished
on the address bus 11 to address decoding logic within the interface logic
circuit 14. The decoded information Is 15    transferred to the state
machine 15 on lines 19, and to a status register 18 and data registers 16
within the interface logic circuit 14 on line 21. The data bus 12 is
connected to the status register 18 (only one status register is shown
although the number of such registers is often greater) and to the data
registers 16. The control signals on line 13 are furnished to the state
machine 15, the 20  data registers 16 and the status register 18. Both the
data registers 16 and the status register 18 are connected to the device
state machine 15. In a write operation in which the host computer 10 writes
information to the state machine 15, an address is generated by the host
computer 10 and 25  sent to the address decode logic 17. The address is
decoded and placed on lines 19 and 21. Control signals on line 13 indicate
to the status register 18 and the data registers 16 that the operation is a
write operation. The information is    - 15 - then transferred from the
host computer 10 on the data bus 12 to the appropriate one of the data
registers 16 from which it may be transferred to the device state machine
15 for use in accordance with the above-described method. 5         In a
read of the status register by the host computer 10, the address of the
status register 18 sent by the host computer 10 is read by the address
decoding logic 17. The signals on lines 19 and control lines 13 indicate
that the status register 18 is being read by the host computer 10. The
state machine 15 transfers the appropriate signals to the status register
18 over lines 20 to 10  indicate the various status conditions (thirty-two
bits of status information). The state machine 15 initiates the read of the
status register 18 by transferring the 



data in status register 18 onto the data bus 12. This information is
transferred to the host computer 10. 15        Thus, in accordance with the
above-described method, if the control line 13 indicate that a read
operation is occurring, and address lines 19 indicate a read from the
status register 18, and the state machine 15 indicates that there in no
exception, then the command will be executed by the device state machine
15. 20 It will be obvious to those skilled in the art that the utilization
of this last implementation combined with the other optimizations above
described accelerates the operation of initiating any particular operation.
It does so by drastically reducing the length of time required to
accomplish the particular 25  read access of the status register. The
maximum and minimum times illustrated in Figure 6 for carrying out the
particular optimizations detailed in this    - 16 - specification clearly
illustrate the reduction of time accomplished by this invention. Although
various methods and apparatus have been described for 5   optimizing the
operation of a host interface register handshake in a computer system,
various other extensions of the present invention and variations therein
will be obvious to those skilled in the art without departing from the
scope of the invention. For example, it will be clear that such an
interface may be used with numerous peripherals associated with a central
processing unit 10   and is not limited to the interface with a graphics
accelerator. The invention should therefore be measured by the claims which
follow.  



- 17 - CLAIMS 1.      A method for initiating a particular command from a
first computer module to a second computer module comprising the steps of:
performing a write operation from said first computer module to said second
computer module, said write operation transferring data from said first
computer module to said second computer module; requesting a read status
operation by said first computer module from said second computer module,
said read status operation comprising the steps of; transmitting a control
signal from said first computer module to said second computer module
indicating to said second computer module that said read status operation
was requested, and transmitting a request address from said first computer
module to said second computer module, wherein said request address
uniquely identifies said particular command, generating a status word in
said second computer module in response to said read status operation
request wherein said status word indicates whether any exceptions exist
so   as  to  render   said  particular   command unexecutable by said
second computer module; transferring said status word from said second
computer module to said first computer module; and 



executing said particular command in said second computer module when said
status word indicates that an exception does not exist, and when said
control signal indicates that said status word has been requested by said
first computer module, said particular command being identified by said
address in said read status operation, said second computer module
executing said particular command utilizing said data transferred to said
second computer module, whereby initiation of said particular command as
- 18 - a separate step by said first computer module to said second
computer module is eliminated. 2.      A method for initiating a particular
command from a first computer module to a second computer module as claimed
in claim 1, further comprising the step of reading a single bit of said
status word by said first computer module wherein said single bit of said
status word indicates whether any exceptions exist so as to render said
particular command unexecutable in said second computer module. 3.      A
method for initiating a particular command from a first computer module to
a second computer module as claimed in claim 1, wherein said single bit is
a high order bit of said status word. 4.      A method for initiating a
particular command from 



a first computer module to a second computer module as claimed in claim 1,
further comprising the step of providing  a  system  interface  having
address  decoding logic, at least one status register, data registers, and
a bus  coupling said first computer module with said second computer
module. 5.      A method for initiating a particular command from a first
computer module through a system interface to a second computer module as
claimed in claim 4 wherein performing a write operation to transfer data
from said first computer module to said second computer module comprises
the steps of: transferring  a write  address  from  said  first computer
module to said address decoding logic; decoding  said  write  address  by
said  address decoding logic so as to select data registers and a status
register;    - 19 - transferring said data from said first computer module
to said data registers selected; and transferring a write control signal
from said first computer module to said second computer module, said write
control signal indicating to said second computer module that said write
operation has occurred. 6.      A method for initiating a particular
command from a first computer module through a system interface to a 



second computer module as claimed in claim 4 wherein the step of requesting
a read status operation by said first computer module from said second
computer module further comprises the steps of: sending said request
address from said first computer module to said address decoding logic;
decoding said request address by said address decoding logic so as to
generate a decoded request address; transferring said decoded request
address from said address decoding logic to said second computer module
wherein said decoded request address selects said particular command to
said second computer module; and transferring said control signal from said
first computer module to said system interface and to said second computer
module, said control signal indicating to said second computer module that
said status word has been requested by said first computer module. 7.
A method for initiating a particular command from a first computer module
through a system interface to a second computer module as claimed in claim
4 wherein transferring said status word from said second computer module to
said first computer module comprises the steps of: writing said status word
generated by said second computer module to said status register indicated
by said    



- 20 - requesting address; and initiating a read of said status register by
said second  computer  module  by  placing  said  status  word located in
said status register onto said data bus. 8.      A method for initiating a
particular command from a first computer module to a second computer module
as claimed in claim 1 wherein generating said status word in said second
computer module comprises the steps of: performing a Boolean OR operation
on all bits in said status word except a high order bit so as to generate
an operand.; and setting said high order bit of said status word when said
operand of said Boolean OR operation indicates any bit in said status word
is set. 9.      A method for initiating a particular command from a first
computer module through a system interface having data registers, at least
one status register, and address decoding logic, to a second computer
module, said method comprising the steps of: performing  a write  operation
from  said  first computer module through said system interface to said
second computer module, said write operation comprising the steps of;
transferring  a write  address  from  said  first computer to said address
decoding logic, decoding said write address so as to select data registers
and a status register, transferring said data from said first computer 



module to said data registers selected by said write address, requesting a
read status operation by said first computer module from said second
computer module, said read status operation comprising the steps of;
sending  a  request  address  from  said  first    - 21 - computer module
to said address decoding logic, decoding said request address by said
address decoding logic, transferring said request address decoded to said
second computer module so as to select said particular command,
transferring said control signal from said first computer module to said
system interface and to said second computer module, said control signal
indicating to said second computer module that said status word has been
requested by said first computer module; generating a status word in said
second computer module in response to said read status operation request
wherein said status word indicates whether any exceptions exist   so  as
to  render   said  particular  command unexecutable by said second computer
module; transferring said status word from said second computer module to
said first computer module comprising the steps of; 



writing said status word generated by said second computer module to said
status register indicated by said requesting address; and initiating a read
of said status register by said second  computer  module  by  placing  said
status  word located in said status register onto said data bus; executing
said particular command in said second computer module when said status
word indicates that an exception does not exist, and when said control
signal indicates that said status word has been requested by said first
computer module, said particular command being identified by said address
in said read status operation, said second computer module executing said
particular command with said data transferred to said second computer
module, whereby initiation of said particular command as a separate step by
said first computer module to said    - 22- second computer module is
eliminated. 10.     A method for initiating a particular command from a
first computer module through a system interface having data registers, at
least one status register, and address decoding logic, to a second computer
module, as claimed in claim 9, further comprising the step of reading a
single bit of said status word by said first computer module wherein said
single bit of said status word 



indicates whether any exceptions exist so as to render said particular
command unexecutable in said second computer module. 11.     A method for
initiating a particular command from a first computer module through a
system interface having data registers, at least one status register, and
address decoding logic, to a second computer module as claimed in claim 10
wherein said single bit is a high order bit of said status word. 12.     A
method for initiating a particular command from a first computer module
through a system interface having data registers, at least one status
register, and address decoding logic, to a second computer module as
claimed in claim 9 wherein the step of generating said status word in said
second computer module comprises the steps of: performing a Boolean OR
operation on all bits in said status word except a high order bit; and
setting said high order bit of said status word when said operand of said
Boolean OR operation indicates any bit in said status word is set. 13.
An apparatus for initiating a particular command from a first computer
module to a second computer module, said apparatus comprising: write means
coupled to said first computer module    - 23 - for transferring data from
said first computer module to 



said second computer module; request status means for initiating a status
request by said first computer module to said second computer module, said
request means comprising: write control means coupled to said second
computer module for indicating to said second computer module that said
status request has been initiated, and request address means coupled to
said second computer module for uniquely identifying said particular
command, status means for generating a status word in said second computer
module wherein said status word indicates whether any exception exist so as
to render said particular command unexecutable in said second computer
module; transferring means coupled to said first computer module and said
second computer module for writing said status word from said second
computer module to said first computer module; execution means coupled to
said second computer module for executing said particular command in said
second computer module when said status word indicates that an exception
does not exist, and when said write control means indicates that said
status word has been requested by said first computer module, said
particular command being identified by said address in said read status
operation, and said second computer module executing  said  particular
command  with  said  data transferred to said second computer module, 



whereby initiation of said particular command as a separate step by said
first computer module to said second computer module is eliminated. 14.
An apparatus for initiating a particular command from a first computer
module to a second computer module    - 24 - as claimed in claim 13,
further comprising status reading means for reading a single bit of said
status word wherein said single bit of said status word indicates whether
any  exceptions  exist  so  as  to  render  said particular command
unexecutable. 15.     An apparatus for initiating a particular command from
a first computer module to a second computer module as claimed in claim 14,
wherein said single bit comprises a high order bit of said status word. 16.
An apparatus for initiating a particular command from a first computer
module to a second computer module as claimed in claim 13, further
comprising a system interface having address decoding logic, at least one
status register, data registers, and a bus coupling said first computer
module with said second computer module. 17.     A method of initiating a
particular command from a first computer module through a system interface
to a second  computer  module  substantially  as  hereinbefore described.
18.     An apparatus for initiating a particular command 



from a first computer module to a second computer module, substantially as
hereinbefore described with reference to the accompanying drawings.    


