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METHOD AND APPARATUS FOR
IMPLEMENTING ATOMICITY OF MEMORY
OPERATIONS IN DYNAMIC
MULTI-STREAMING PROCESSORS

CROSS REFERENCE TO RELATED
DOCUMENTS

The present application is a continuation-in-part (CIP) of
prior patent application Ser. No. 09/216,017, filed Dec. 16,
1998, which is now U.S. Pat. No. 6,477,562, Ser. No.
09/240,012, filed Jan. 27, 1999, now U.S. Pat. No. 6,292,
888, Ser. No. 09/273,810, filed Mar. 22, 1999, now U.S. Pat.
No. 6,389,449, and Ser. No. 09/312,302 filed May 14, 1999
all four of which are incorporated herein in their entirety by
reference.

FIELD OF THE INVENTION

The present invention is in the area of computer system
memory operations, and pertains more particularly to
memory operations performed by dynamic multi-streaming
(DMS) processors.

BACKGROUND OF THE INVENTION

Multi-streaming processors capable of processing mul-
tiple threads are known in the art, and have been the subject
of considerable research and development. The present
invention takes notice of the prior work in this field, and
builds upon that work, bringing new and non-obvious
improvements in apparatus and methods to the art. The
inventors have provided with this patent application an
Information Disclosure Statement listing a number of pub-
lished papers in the technical field of multi-streaming pro-
cessors, which together provide additional background and
context for the several aspects of the present invention
disclosed herein.

For purposes of definition, this specification regards a
stream in reference to a processing system as a hardware
capability of the processor for supporting and processing an
instruction thread. A thread is the actual software running
within a stream. For example, a multi-streaming processor
implemented as a CPU for operating a desktop computer
may simultaneously process threads from two or more
applications, such as a word processing program and an
object-oriented drawing program. As another example, a
multi-streaming-capable processor may operate a machine
without regular human direction, such as a router in a packet
switched network. In a router, for example, there may be one
or more threads for processing and forwarding data packets
on the network, another for quality-of-service (QoS) nego-
tiation with other routers and servers connected to the
network and another for maintaining routing tables and the
like. The maximum capability of any multi-streaming pro-
cessor to process multiple concurrent threads remains fixed
at the number of hardware streams the processor supports.

A multi-streaming processor operating a single thread
runs as a single-stream processor with unused streams idle.
For purposes of discussion, a stream is considered an active
stream at all times the stream supports a thread, and other-
wise inactive. As in various related cases listed under the
cross-reference section, and in papers provided by IDS,
which were included with at least one of the cross-refer-
enced applications, superscalar processors are also known in
the art. This term refers to processors that have multiples of
one or more types of functional units, and an ability to issue
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concurrent instructions to multiple functional units. Most
central processing units (CPUs) built today have more than
a single functional unit of each type, and are thus superscalar
processors by this definition. Some have many such units,
including, for example, multiple floating point units, integer
units, logic units, load/store units and so forth. Multi-
streaming superscalar processors are known in the art as
well.

The inventors have determined that there is a neglected
field in the architecture for all types of multi-streaming
processors, including, but not limited to the types described
above: The neglected field is that of communications
between concurrent streams and types of control that one
active stream may assert on another stream, whether active
or not, so that the activity of multiple concurrent threads
may be coordinated, and so that activities such as access to
functional units may be dynamically shared to meet diverse
needs in processing. A particular area of neglect is in
mapping and handling of external and internal interrupts in
the presence of multiple streams and also exception han-
dling.

A dynamic multi-streaming (DMS) processor known to
the inventors has multiple streams for processing multiple
threads, and an instruction scheduler including a priority
record of priority codes for one or more of the streams. The
priority codes determine in some embodiments relative
access to resources as well as which stream has access at any
point in time. In other embodiments priorities are deter-
mined dynamically and altered on-the-fly, which may be
done by various criteria, such as on-chip processing statis-
tics, by executing one or more priority algorithms, by input
from off-chip, according to stream loading, or by combina-
tions of these and other methods. In one embodiment a
special code is used for disabling a stream, and streams may
be enabled and disabled dynamically by various methods,
such as by on-chip events, processing statistics, input from
off-chip, and by processor interrupts. Some specific appli-
cations are taught, including for IP-routers and digital signal
processors.

The DMS processor described above is further enhanced
with a processing system that has an instruction processor
(IP), register files for storing data to be processed by the IP,
such as a thread context, and a register transter unit (RTU)
connected to the register files and to the IP. Register files
may assume different states, readable and settable by both
the RTU and the IP. The IP and the RTU assume control of
register files and perform their functions partially in
response to states for the register files, and in releasing
register files after processing, set the states. The processing
system used by the DMS processor is particularly applicable
to multi-streaming processors, wherein more register files
than streams may be implemented, allowing for at least one
idle register file in which to accomplish background loading
and unloading of data.

A further enhancement to the above-described DMS pro-
cessor utilizes unique inter-stream control mechanisms
whereby any stream may effect the operation of any other
stream. In various embodiments the inter-stream control
mechanisms include mechanisms for accomplishing one or
more of enabling or disabling another stream, putting
another stream into a sleep mode or awakening another
stream from a sleep mode, setting priorities for another
stream relative to access to functional resources, and grant-
ing or blocking access by another stream to functional
resources. A Master Mode is taught in this enhancement,
wherein one stream is granted master status, and thereby,
may exert any and all available control mechanisms relative










































