
CLAIMS 1.  Apparatus for optimizing, without requiring data latency
buffers, but arbitration during direct memory access (DMA) data transfers
across a nondedicated bus interconnecting a memory and a plurality of
external devices each having an arbitration priority, comprising: 



a single arbitration bus connected to each of the external devices; clock
generating means connected to the nondedicated bus for providing successive
sequences of two nonoverlapping clock signals per clock cycle, and data
transfer cycles equal to the number of clock cycles required for a
responding one of the devices to acknowledge completion of a data transfer,
and an arbitration cycle equal to preselected 



number of clock cycles; means, operatively connected to the clock
generating means and arbitration bus, responsive to only the beginning edge
of the first of said clock signals in one sequence for transmitting
arbitration priority bus requests from each external device to the
arbitration bus; 



means, operatively connected to the clock generating means and each device,
responsive to the ending edge of the last of said clock signals of an
arbitration cycle in that same said one sequence for dynamically
conditioning the external device having the highest bus priority to
designate itself as the next external device which is to become bus master;
and 



transferring means including first latch means, operatively connected to
the clock generating means and nondedicated bus, responsive to the
beginning of the first clock signal of a cycle during said one sequence for
transferring addresses and responsive to the beginning of the first clock
signal during the next cycle following said one sequence for transferring
data for a single data transfer or variable burst length data transfer 



between the designated bus master and the memory or another of the external
devices via the nondedicated bus starting on the next clock cycle, after
which a then active bus master relinquishes control.   



2.   The apparatus of claim  1, including a register operatively connected
to the arbitration bus for storing a priority code designating the priority
of at least one of the external devices, and a microprocessor connected via
the nondedicated bus to the register for dynamically modifying said
priority code for changing said priorities. 



3.   The apparatus of claim 1, including circuitry connected to the
arbitration bus for preselecting and fixing a priority code establishing
the priority of each of the respective external devices. 4.   The apparatus
of claim 1, including one means connected to drive the arbitration bus and
set by said beginning edge of first clock signal in said one sequence and
another 



latch means connected to the arbitration bus to receive the arbitration
priority and set by said ending edge of said last clock signal in said one
sequence for synchronizing all bus requests for bus master priority. 5.
The apparatus of claim 1, including means, operatively connected to the
arbitration bus and clock generating means, responsive to a bus request
from one of the devices 



initiated by the beginning of said first clock cycle for defining a first
tier of pipelining of said arbitration cycles on said single arbitration
bus and responsive to a priority bus grant to one of the devices at the end
of said last clock cycle for defining a second tier of pipelining of said
arbitration cycles in a two-tiered overlapping fashion with no loss of
address or data transfer cycles due to arbitration, and means connected to
the 



nondedicated bus for pipelining addresses and data transfers on said
nondedicated bus up to a third tier of pipelining. 6.   The apparatus of
claim 1, wherein said transferring means is responsive to a burst transfer
command from one of the external devices at a time to generate a signal for
transferring data back-to-back without reduction in data transfer bandwidth
in a 



multiplexed continuous sequential stream from different external deices one
at a time over the nondedicated bus. 7.   The apparatus of claim 1,
including means that includes two latches, separate from said first latch
means, operatively connected to said clock generating means and  



arbitration bus and responsive to the setting of one of these latches (Own
Extend) by said first clock signal in said one sequence-and to the setting
of the other of these latches by said last clock signal in the sequence
immediately preceding said one sequence for 



permitting the then active bus master to retain communication with one of
the external devices for an additional transfer cycle or cycles. 8.  The
apparatus of claim 1, including means connected to the devices and clock
generating means for preempting a device that had been designated as next
in line to be the bus master when 



(a) the then active bus master has retained bus mastership for more than
one transfer cycle by initiating a locking period (by -Lock signal), and
(b) a higher priority device gains arbitration priority during said locking
period. 9.  The apparatus of claim 1, wherein the nondedicated bus
comprises a unidirectional bus for outgoing addresses and data multiplexed
at half-cycle periods, and a data bus that 



is unidirectional incoming. 10. The apparatus of claim 1, wherein the
nondedicated bus is a single bidirectional bus for addresses and data, and
including means operatively connected to said clock generating means and
nondedicated bus for sending addresses only at the beginning of a long
transfer, and during subsequent data transfer cycles, incrementing the
addresses 



sequentially as long as the addresses constitute a continuous sequence. 11.
A method for optimizing a bus arbitration pass during direct memory access
(DMA) data transfers across a nondedicated bus between a memory and/or a
plurality of external devices each having an arbitration priority,
comprising the steps of: providing successive sequences of two
nonoverlapping clock signals per clock 



cycle; and data transfer cycles equal to the number of clock cycles
required for a responding one of the deices to acknowledge completion of a
data transfer, and an arbitration cycle equal to a preselected number of
clock cycles;   



REPLACEMENT SHEET transmitting arbitration priority bus requests for the
external devices to a single arbitration bus only at the beginning edge of
the first of said clock signals in one of said sequences; 



at the end of the last of said clock signals in said one sequence,
dynamically conditioning the external device then having the highest bus
priority code to automatically designate itself as the next external device
to become bus master, thereby constituting a priority bus grant to said
next external device; continually repeating the arbitration pass to allow
any higher priority device to 



preempt a then currently designated priority device until a then active bus
master relinquishes control of the nondedicated bus; and transferring
addresses and data between the designated bus master and the memory of
another of the external devices via the nondedicated bus during the next
cycle after said then active bus master relinquishes control. 



12. The method of claim 11, including the step of using a microprocessor,
dynamically changing the priorities of at least one of the external devices
during initialization of a program. 13. The method of claim 11, including,
during the step of transferring addresses and data, transferring data on
the nondedicated bus from different external devices in a 



multiplexed continuous sequential stream and without sequence delays. 14.
The method of claim 11, including the step of concurrently pipelining bus
requests and bus grants of said arbitration cycles on said single
arbitration bus independent of data transfers, thereby eliminating
arbitration overhead. 15. The method of claim 11, including the step of
permitting that one of the external 



devices with which the then bus master desires to communicate to elongate
transfer cycles in increments of the cycle length of the two nonoverlapping
clock signals to increase the time for slower external devices to complete
a single data transfer. 16. The method of claim 11, including the step of
automatically preempting the device designated as next in line as bus
master, when 



(a)  the then active bus master retains bus mastership for more than one
transfer cycle by initiating a locking period, and 



(b) a higher priority device gains arbitration during said locking period.
17. The method of claim 11, wherein during the step of transferring
addresses and data, data is transferred without requiring prior knowledge
of the number of data transfer cycles required to complete a data transfer
sequence.  






