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ARCHITECTURAL REUSE OF REGISTERS FOR
OUT OF ORDER SIMULTANEOUS
MULTI-THREADING

[0001] The present invention relates generally to micro-
processors and more particularly to the architectural reuse of
registers for out of order simultaneous multi-threading.

BACKGROUND OF THE INVENTION

[0002] Out of order simultaneous multi-threading refers to
a technique in which multiple threads are executing at the
same time on a processor that is capable of speculative
execution. Speculative execution refers to instances wherein
instructions in a program are issued out of order according
to their data dependencies but not necessarily according to
their sequential appearance in the program. Thus, with
speculative execution instructions may be executed “out of
order.”

[0003] Instructions are typically executed with references
to registers. The registers may hold operands for the instruc-
tions and may store results of operations. Out of order
execution of instructions requires not only the preservation
of conventional register states but also the preservation of
register state for speculatively executed instructions. For
example, if an instruction beyond a predicted branch in an
instruction flow is issued out of order, the microprocessor
must write the results of speculatively executing the instruc-
tion. However, if the branch was predicted incorrectly, the
previous results stored in the register must be restored and
the speculative results must be removed. Hence, simulta-
neous multi-threading that employs out of order execution
requires the preservation of register state not only for
general purpose registers for all threads but also for a
speculative issue of instructions as well. As a result, simul-
taneous multithreading demands a large register file. A
“register file” is an array of registers that may be addressed
as a unit.

[0004] Conventional simultaneous multi-threading micro-
processors employ of one of two approaches. In a first
approach, a single register file may be shared amongst
multiple threads. With this first approach, resource conten-
tion among threads for the register file may arise, and the use
of the register file by one of the threads may detrimentally
affect the use of the register file by another one of the
threads. In a second approach, two “private” register files are
provided. The second approach does not have resource
contention problems, but when only one thread is active,
half of the registers in the register files are unused.

SUMMARY OF THE INVENTION

[0005] The present invention addresses some of the limi-
tations found with conventional microprocessors by provid-
ing a microprocessor that is capable of executing in either a
multi-thread mode or a single thread mode. In the multi-
thread mode, each active thread may have an associated
register file which the thread may access. In the single thread
mode, a single thread is active and the thread has access to
all of the available register files. In one embodiment of the
present invention, two threads may simultaneously execute
and there are two register files. In the single thread mode, the
single active thread may have access to both of the register
files.
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[0006] In accordance with one aspect of the present inven-
tion, A microprocessor includes a first register file and a
second register file that each contain registers. The micro-
processor also includes a facility for granting access to the
first and second register files in a single thread mode and in
a multi-thread mode. In the single thread mode, a single
thread has access to both the first register file and the second
register file. In the multi-thread mode, a first thread has
access to the first register file and a second thread has access
to the second register file. The microprocessor may provide
support for switching between the single thread mode and
the multi-thread mode.

[0007] In accordance with another aspect of the present
invention, a method is practiced in a microprocessor that has
multiple register sets. Respective threads are provided which
are simultaneously executing in a multi-thread mode with
access to separate respective ones of the register sets. A
switch is made from the multi-thread mode to a single thread
mode. In the single thread mode, a single thread is executing
and has access to all of the register sets.

[0008] In accordance with a further aspect of the present
invention, a microprocessor includes a first bank of execu-
tion units for executing instructions and a second bank of
execution units for executing instructions. The multiple
execution units help to maximize the issue rate of instruc-
tions. The microprocessor further includes a first register file
having read and write ports associated with a first bank of
execution units as well as read and write ports associated
with a second bank of execution units. The microprocessor
includes a second register file that has read and write ports
associated with the first bank of execution units as well as
read and write ports associated with a second bank of
execution units. The microprocessor has circuitry for
enabling or disabling selected ones of the write ports to
control access by threads to the register files.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] An illustrative embodiment of the present inven-
tion will be described below relative to the following
drawings.

[0010] FIG. 1 is a block diagram of a microprocessor
suitable for practicing the illustrative embodiment of the
present invention.

[0011] FIG. 2A illustrates a mapping of logical register
names to physical registers in the multi-thread mode of
operation.

[0012] FIG. 2B illustrates a mapping of a logical register
names to physical registers in single thread mode of opera-
tion.

[0013] FIG. 3 is a block diagram illustrating interconnec-
tivity between register files and execution units as well as a
strand status register and a trap handler.

[0014] FIG. 4 is a state diagram illustrating states for a
strand.

[0015] FIG. 5 is a flow chart illustrating the steps that are
performed for the multithread mode of operation.

[0016] FIG. 6 is a flow chart illustrating the steps that are
performed for the single thread mode of operation.
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[0017] FIG. 7 is a flow chart illustrating the steps that are
performed to make a transition from the multi-thread mode
of operation to the single thread mode of operation.

[0018] FIG. 8 depicts a state siagram illustrating the states
for transitioning between the single thread mode of opera-
tion and the multi-thread mode of operation.

DETAILED DESCRIPTION OF THE
INVENTION

[0019] The illustrative embodiment of the present inven-
tion provides a microprocessor that is capable of simulta-
neously executing multiple threads or, instead, executing a
single thread. In the multi-thread mode of operation, mul-
tiple threads simultaneously execute and each thread has an
associated register file and a bank of execution units. The
microprocessor also may operate in a single thread mode
wherein only the single thread executes. In this mode of
operation, the microprocessor takes measures to optimize
performance of the single thread. These measures include
providing the single thread with access to multiple execution
units provided in the microprocessor. These measures help
to maximize performance of the microprocessor. The micro-
processor seeks to maximize the issue rate of instructions
per cycle.

[0020] FIG. 1 depicts a block diagram of a microproces-
sor 10 that is suitable for practicing the illustrative embodi-
ment of the present invention. The depiction of the micro-
processor in FIG. 1 is intentionally simplified so as to not
obfuscate the invention. Moreover, those skilled in the art
will appreciate that the depiction of the microprocessor
architecture in FIG. 1 is intended to be merely illustrative
and not limiting of the present invention. The present
invention may be practiced with alternative microprocessor
configurations.

[0021] The microprocessor 10 includes an instruction
cache 12 for caching instructions that are slated for execu-
tion. In the illustrative embodiment, the instruction cache 12
is capable of providing up to eight instructions per clock
cycle. The instruction cache should be of suitable size, such
as 64 kilobytes, and may be an associative cache. The
instruction fetcher 14 fetches bundles of instructions from
the instruction cache 12 and passes the bundles onto the
register renamer 16. In the illustrative embodiment, it is
presumed that the instruction fetcher 14 fetches bundles
containing eight instructions. Nevertheless, those skilled in
the art will appreciate that in alternative embodiments
different numbers of instructions may be fetched.

[0022] The register renamer 16 decodes instructions,
determines instruction dependencies and performs logical
mappings of register specifiers. In particular, instructions
typically specify operands by giving logical register speci-
fications. Results of operations performed by instructions
may also be specified by logical register specifications. For
example, the instruction “add R1, R2 and R3” requests that
the values stored in logical register R1 and R2 be added and
the results stored in logical register R3. These logical
register specifications (e.g. R1, R2 and R3) are mapped to
physical registers in a register file. The instructions with
renamed registers are then issued by an issue unit 18 into one
of two pipelines. The first pipeline includes a register file
20A and a bank of execution units 22A. The second pipeline
contains a register file 20B and a bank of execution units
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22B. Each of the banks of execution units 22A and 22B may
include multiple arithmetic and logical units (e.g. 3 units).
The issue unit 18 determines when to issue instructions to
the respective pipelines. Each register file 20A and 20B is a
holder of an array of registers that may be tied to respective
execution units 22A and 22B. The execution units 22A and
22B are responsible for executing instructions that have
been issued into the instruction pipelines. As part of execut-
ing instructions, the execution units 22A and 22B may
reference the register files 20A and 20B to obtain operands
and store results.

[0023] As mentioned above, in the illustrative embodi-
ment, the microprocessor 10 may operate in the single thread
mode or the multi-thread mode. In the single thread mode,
a single register name is renamed to refer to two locations in
register files 20A and 20B (i.e., one location in register file
20A and one location in register file 20B). In contrast, in the
multi-thread mode, a register name refers to a single loca-
tion. In the single thread mode, both of the register files 20A
and 20B may be accessible by a single thread. This opti-
mizes performance of the single thread and allows a more
maximized peak issue rate. In contrast, with the multi-thread
mode, each thread has access to only a single one of the
register files 20A and 20B.

[0024] FIG. 2A illustrates an example of the mapping of
a logical register name to a physical register name in
multi-thread mode. A first thread has an instruction with an
operand that is specified by a logical register name 25. The
register renamer 16 maps the logical register name to a
physical register 27 in register file 20A. A second thread has
an instruction with an operand that is specified by a logical
register name 25'. The renamer 16 maps the logical register
name 25' to another register 29 in register file 20B. In
contrast, in single thread mode, the logical register name 25
(See FIG. 2B) is mapped to two physical registers 27 and 29
in the respective register files 20A and 20B. The registers
20A and 20B hold identical contents.

[0025] FIG. 3 depicts a block diagram of the components
that facilitate the register files 20A and 20B being shared and
not shared in the respective modes. Register file 20A has
read ports 26 and write ports 28 for execution unit 22A. The
read ports 26 allow the execution unit 22A to read the
contents of registers stored within the register file 20A. The
write ports 28, on the other hand, enable the execution unit
22A to write data into the registers of the register file 20A.
There are also write ports 32 for execution unit 22B.

[0026] Register file 20B is similarly cross-connected with
both of the execution units 22A and 22B. Write ports 36 are
provided for execution unit 22A. Read ports 38 and write
ports 40 are provided for execution unit 22B. The ports may
be enabled or disabled by the respective enables. The
enables are controlled by the thread state, as reflected by the
strand status register 24 (discussed below).

[0027] FIG. 3 also shows a strand status register 24. The
strand status register 24 holds information regarding each
strand. There is a bit within the status register for each strand
that identifies whether the strand is active or not. A “strand”
should be differentiated from a “thread.” A “thread” refers to
a unit of execution such as an executing program. A “strand”
refers to the hardware resources that are dedicated for a
thread during execution. Hence, each thread has an associ-
ated strand.
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[0028] FIG. 4 depicts the three states 62, 64 and 66 that
may be assumed by a strand. In the active state, the strand
has instructions that are being fetched and scheduled for
execution. In the dead state 62, there are no resources
dedicated to the strand. In the nap state 66, new instructions
for the strand are no longer fetched but instructions for the
strand continue to execute if they have already been fetched.

[0029] FIG. 3 also depicts a trap handler 60. The trap
handler 60 is a piece of software that is responsive to a trap.
Traps are utilized to activate and deactivate threads in the
illustrative embodiment of the present invention. Hence,
transitions from single thread mode to multi-thread mode
and vice versa may be realized via traps that are processed
by the trap handler 60.

[0030] Those skilled in the art will appreciate the depic-
tion of the register files and execution units and that FIG. 3
is intended to be merely illustrative and not limiting of the
present invention. The present invention may also include
embodiments where there are more than two register files.
Moreover, the connection of the read and write ports shown
in FIG. 3 may vary so as to facilitate the different modes.
Still further, there may be more than one strand status
register 24 and more than one trap handler 60.

[0031] FIG. 5 is a flow chart illustrating the steps that are
performed to realize the register file allocation that is
provided in the multi-thread mode. Initially, the strand status
register 24 is set to have two strands active (step 70 in FIG.
5). The values within the strand status register may be set by
privileged instructions. Privileged instructions may only be
issued by privileged processes or threads. Non-privileged
processes or thread may not issue such privileged instruc-
tions. As mentioned above, a trap may be performed to
spawn a new thread. This trap is handled by the trap handler
60 that writes appropriate values into the strand status
register 24.

[0032] In the multi-thread mode, a first of the active
strands is provided with exclusive access to a first of the
register files (step 72 in FIG. 5). For example, a first strand
may be provided with exclusive access to register file 20A.
This strand includes execution unit 22A. The execution unit
22A has read ports 26 and write ports 28 enabled by the
respective enables. The enables may simply be switches tied
to logically high or low values. In contrast, the write ports
32 for execution unit 22B (which is associated with another
strand) are disabled. Conversely, read ports 38 and write
ports 40 for execution unit 22B are enabled so that a second
strand has exclusive access to the register file 20B. Write
ports 36 are disabled. The enables are set in response to the
values within the strand status register 24. Hence, the second
of the strands is provided with exclusive access to the second
of the register files (step 74 in FIG. 5). The instructions then
may begin executing on both strands (step 76 in FIG. 5).

[0033] The microprocessor 10 may also run in a single
thread mode. FIG. 6 is a flow chart illustrating the steps that
are performed to enable the register files 20A and 20B to be
accessible by a single thread in the illustrative embodiment.
In the case where the single thread has access to both register
files 20A and 20B, both register files hold the same contents.
The process of initiating the single thread mode initiates
with the strand status register 24 being configured to make
a single strand active with all others being inactive (i.e.
napping or dead) (step 80 in FIG. 6). For illustrative
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purposes, suppose that the strand is associated with execu-
tion unit 22A. Hence, in order to gain access to the register
file 20A, read ports 26 and write ports 28 are enabled (step
82 in FIG. 6). The strand is also provided access to the
second register file (step 84 in FIG. 6). Accordingly, read
ports 34 and write ports 36 are enabled for execution unit
22A. The strand then may begin executing instructions (step
86 in FIG. 6).

[0034] The microprocessor 10 must be able to transition
from the single thread mode to the multi-thread mode and
from the multi-thread mode to the single thread mode. There
is a complication in transition from the multi-thread mode to
the single thread mode. The complication is that the contents
register files 20A and 20B must be reconciled so as to have
the same contents. FIG. 6 illustrates the steps that are
performed in making the transitions from multi-thread mode
to single thread mode. Initially, the strand status register
must be updated to reflect the mode change (step 90 in FIG.
7). The values from one of the register files must be
propagated to the other register file (step 92 in FIG. 7). In
the illustrative embodiment, this propagation of values is
performed in software. This software may be part of the trap
handler 60 that is responsive to a trap that causes the
transition from multi-thread mode to single thread mode.
Each of the register files 20A and 20B includes a respective
load port 61 and 63 for enabling register values to be loaded
en masse to the register files.

[0035] FIG. 8 depicts a state diagram illustrating the
transition from single-thread (ST) mode 100 to multi-thread
(MT) mode 102. During transition, one of the hybrid states
104 or 106 is entered to do reconciling between the register
files. The register files are designated as A and B. For
example, in transitioning from multi-thread mode 102 to
single-thread mode 100 where the strand using register file
A is to enter the single-thread mode, state 104 is entered to
copy the contents of the register file A into register file B.
Analogously, state 106 is entered when the strand using
register file B is to operate in single-thread mode 100 so that
the contents of register file B can be copied into register file
A. Conversely, in making the transition from single-thread
mode 100 to multi-thread mode 102 the appropriate contents
may be loaded or get copied in register file A or register file
B in respective states 104 and 106 to support the multiple-
threads.

[0036] While the present invention has been described
with reference to an illustrative embodiment thereof, those
skilled in the art will appreciate that various changes in form
and detail may be made without departing from the intended
scope of the present invention as defined in the appended
claims.

1. A microprocessor, comprising:
a first register file containing registers;
a second register file containing registers; and

a facility for granting access to the first and second
register files in a single thread mode and in a multi-
thread mode, wherein, in the single thread mode, a
single thread has access to both the first register file and
the second register file and wherein, in the multi-thread
mode, a first thread has access to the first register file
and a second thread has access to the second register
file.
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2. The microprocessor of claim 1, wherein, in the single
thread mode, the single thread has exclusive access to both
the first register file and the second register file, relative to
other threads.

3. The microprocessor of claim 1, wherein the facility
includes a mechanism for switching between the single
thread mode and the multi-thread mode.

4. The microprocessor of claim 3, wherein the mechanism
includes control registers that control whether the micro-
processor executes in the single thread mode or in the
multi-thread mode.

5. The microprocessor of claim 4, wherein the mechanism
includes software that writes appropriate values into the
control registers to switch between the single thread mode
and the multi-thread mode.

6. The microprocessor of claim 1, wherein the facility is
a register renamer that maps logical register references in
instructions to registers in the first register file and the
second register file.

7. The microprocessor of claim 1, further comprising
write lines extending between the first register file and the
second register file so that contents of one of the first and
second register files may be copied to the other of the first
and second register files.

8. The microprocessor of claim 1, wherein the micropro-
cessor supports simultaneous multi-threading.

9. In a microprocessor having a first register file and a
second register file, a mapping mechanism for mapping
references to registers in both the first register file and the
second register file when in a single thread mode and for
mapping references to registers in instructions of a first
thread solely to registers in the first register file and refer-
ences to registers in instructions in a second thread to
registers in the second register file when in a multi-thread
mode.

10. The mapping mechanism of claim 9, wherein the
mapping mechanism switches between the single thread
mode and the multi-thread mode when directed by a control
mechanism.

11. In a microprocessor having multiple register sets, a
method, comprising the steps of:

providing respective threads that are simultaneously
executing in a multi-thread mode with access to sepa-
rate respective ones of the register sets; and

switching from the multi-thread mode to a single thread
mode where a single thread is executing and where the
single thread has access to all the register sets.
12. The method of claim 11, wherein each of the register
sets is a respective register file.
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13. The method of claim 11, where two simultaneously
executing threads are provided in the multi-thread mode.

14. The method of claim 11, wherein the microprocessor
includes control registers and wherein the method further
comprises prompting the switching by writing values in the
control registers.

15. The method of claim 11, wherein the switching
comprises propagating values held in a first of the register
sets to a second of the register sets to regain coherence
between the first and second register sets.

16. A microprocessor, comprising:

a first bank of execution units for executing instructions;

a second bank of execution units for executing instruc-
tions;

a first register file having read and write ports associated
with the first bank of execution units and read and write
ports associated with the second bank of execution
units;

a second register file having read and write ports associ-
ated with the first bank of execution units and read and
write ports associated with the second bank of execu-
tion units; and

circuitry for enabling or disabling selected ones of the
read ports and the write ports to control access by
threads to the register files.

17. The microprocessor of claim 16, wherein, in a single
thread mode, the circuitry enables the read and write ports
for both the first register file and the second register file for
access by a single thread.

18. The microprocessor of claim 16, wherein, in a multi-
thread mode, the circuitry enables the read and write ports
associated with the first bank of execution units for the first
register file for access by a first thread and disables the read
and write ports associated with the second bank of execution
units for the first register file so as to not be accessible by the
first thread.

19. The microprocessor of claim 18, wherein, in the
multi-thread mode, the circuitry enables the read and write
ports associated with the second bank of execution units for
the second register file for access by a second thread and
disables the read and write ports associated with the first
bank of execution units for the first register file so as to not
be accessible by the second thread.

20. The microprocessor of claim 16 further comprising a
register renamer for renaming logical references to registers
in instructions so as to operate in one of a single thread mode
or multi-thread mode of operation.
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