
DUAL THREAD PROCESSOR  BACKGROUND [0001] The following
disclosure relates to processing circuits  and systems. [0002]
Conventional operating systems typically ,support  multitasking, which is a
scheduling scheme that permits more  than one processor thread to share
common processing resources.  A processor thread represents an
architectural state within a  processor that tracks execution of a software
program. In the  case of a computer having a single processor, only one
processor  thread is processed at any given point in time, meaning that
the  processor is actively executing instructions associated with a  single
processor thread. The act of re-assigning a processor  from one processor
thread to another is called a context switch.  [0003] In a conventional
pipeline processor, a context switch  typically occurs through a hardware
interrupt and interrupt  service routine. Interrupt service routines typically
have an  associated execution time, or interrupt overhead, that may
consume valuable processor time. Additionally, in a  conventional pipeline
processor, a context switch typically  occurs only at fixed intervals (e.g.,
every 100 s), as  determined by, e.g., vendors of an operating system. 1
SUMMARY  [0004] in general, in one aspect, this specification describes  



a processor including a pipeline stage. The pipeline stage  includes a first.
input register, a second input register, a  first output register, and a
second output register. The  processor further includes a first selector in
communication  with the first input register and the second input register,
and  a second selector in communication with the first output  register and
the second output register. The processor also  includes a controller
operable to control switching of the first  and second selectors such that
data associated with a first  processor thread passes through the first
input register, the  pipeline stage, and the first output register during a
time that  the first processor thread is being processed, and data
associated with a second processor thread passes through the  second
input register, the pipeline stage, and the second output  register during a
time that the second processor thread is being  processed. The first input
register and the first output  register are operable to store a state of the
first processor  thread, and the second input register and the second
output  register are operable to store a state of the second processor
thread. (0005] Particular implementations can include one or more of  the
following features. The first selector can include a multiplexer and the
second selector can include a  de-multiplexer. The pipeline stage can
include one of an  instruction fetch unit, decode logic, issue logic,
execution  



unit, read logic, or write logic. The controller can control  switching of the
first and second selectors based on input  defining processor time to be
allocated to each of the first and  the second processor threads. The
controller can control  switching of the first and second selectors
dynamically during  execution of a program or statically based on a
previously  established processor time allocation for each of the first and
second processor threads. [0006] The processor can further include a first
interrupt  handling routine to handle an interrupt request associated with
the first processor thread, and a second interrupt handling  routine to
handle an interrupt request associated with the  second processor thread.
The first interrupt handling routine  and the second interrupt handling
routine can have separate  entry points. The processor can further include
a first  exception handling routine to handle an exception request
associated with the first processor thread, and a second  exception
handling routine to handle an exception request  associated with the
second processor thread. The processor can  further include a single
exception handling routine or a single  interrupt handling routine to
respectively handle substantially all exception requests or substantially all
interrupt requests  associated with both the first and second processor
threads.  [0007] The processor can further include a set of registers
corresponding to each of a plurality of processor threads. Each  



register within a set can be located either before or after a  pipeline stage
of the processor. The controller can perform a  context switch among the
plurality of processor threads,  including storing a state of a currently
executing processor  thread in a corresponding set of registers, and
loading a state  of another processor thread from a corresponding. set of
registers to allow for processing of the another processor  thread. [0008]
In general, in another aspect, this specification  describes a processor
including a set of registers corresponding  to each of a plurality of
processor threads. Each register  within a set is located either before or
after a pipeline stage  of the processor. The processor further includes a
programmable  controller operable to perform a context switch among the
plurality of processor threads, including storing a state of a  currently
executing processor thread in a corresponding set of  registers, and
loading a state of another processor thread from  a corresponding set of
registers to allow for processing of the  another processor thread. 4
[00091 Particular implementations can include one or more of  following
features. T e programmable controller ,an perform the context switch at an
end an instruction cycle. The  processor can further include a register file
having a plurality  



of banks corresponding to each of the plurality of processor  threads.
Each bank can store data associated with a  corresponding processor
thread. The processor can further  include a plurality of program counters,
each program counter  operable to indicate an execution status or a
corresponding  processor thread. The processor can further include a
plurality  of interrupt handling routines corresponding to the plurality of
processor threads, in which each interrupt handling routine  handles an
interrupt request associated with a corresponding  processor thread. Each
of the plurality of interrupt handling  routines can have separate entry
points. The processor can  further include a plurality of exception handling
routines  corresponding to the plurality of processor threads, in which
each exception handling routine handles an exception request  associated
with a corresponding processor thread. The processor  can include a
single exception handling routine or a single  interrupt handling .routine to
respectively handle substantially  all exception requests or substantially all
interrupt requests  associated with the plurality of processor threads. 5
[0010]  In general, in another aspect, this specification describes a
method. including providing a -':asst processor `bread  for instruction
execution; providing a second processor thread  for instruction execution;
processing the first processor  three--'; and performing a context switch
from the first Processor  



thread to the second processor thread. Performing a context  switch
includes storing a state of the firs-_ processor thread in  a first set of
registers corresponding to the first processor  thread, and loading a state
of the second processor thread from  a second set of -registers
corresponding to the second processor  thread. [00117 Particular
implementations can include one or more of  the following features.
Storing a state of a given processor  thread within a corresponding set of
registers can include  storing data corresponding to a pipeline stage of a
processor.  The method can further include receiving input changing the
processor time allocation, and performing a context switch among  the first
and second processor threads based an the changed  processor time
allocation. Performing a context switch can  include performing a context
switch dynamically during execution  of a program or statically based on a
previously established  processor time allocation for each of the first and
second  processor threads. The method can fur=her include using a first
Interrupt handling routine to handle an interrupt request 6 associated with
the first processor thread, and using a second  interrupt handling routine
to handle an interrupt request  associated with the second processor
thread. The method can  further include using a first exception handling
routine to  handle an exception request associated with the first processor



thread, and using a second exception handling routine to handle  an
exception request associated with the second processor  thread. The
method can further include using a single exception  handling routine or a
single interrupt handling routine to  respectively handle substantially all
exception requests and  substantially all interrupt requests associated with
the first  and second processor threads. [0012] In general, in another
aspect, this specification  describes a processor including an instruction
fetch unit  operable to fetch instructions associated with a plurality of
processor threads, a decoder responsive to the instruction fetch  unit,
issue logic responsive to the decoder, and a register file  including a
plurality of banks corresponding to the plurality of  processor threads.
Each bank is operable to only store data  associated with a corresponding
processor thread. [0013] Particular implementations can include one or
more of  the following features. The data can include operands or  results
of executed instructions associated with a given  processor thread. The
processor can further include a controller in communication with the
instruction fetch unit.  The controller can determine a processor thread
from which a  next instruction will be fetched by the instruction fetch unit.
The processor can further include a set of registers  corresponding to
each of the plurality of threads, Each  register within a set can be located
either before or after a  



pipeline stage of the processor. The controller can perform a  context
switch among the plurality of processor threads,  including storing a state
of a currently executing processor  thread in a corresponding set of
registers, and loading a state  of another processor thread from a
corresponding set of  registers to allow for processing of the another
processor  thread. The controller can include a plurality of thread
allocation counters corresponding to the plurality of processor  threads.
Each thread allocation counter can contain a value  representing how
much processor time is to be allocated for a  respective processor thread.
The controller can perform a  context switch including switching a selector
that is in  communication with the instruction fetch unit. The selector can
include a multiplexer or a de-multiplexer. [0014] In general, in one aspect,
this specification describes  a processor including means for executing
instructions -through a  pipeline stage. The means for executing
instructions includes a  first input means for storing data, a second input
means for 8 storing data, a first. output means for storing data, and a
second output means for storing data. The processor further  includes a
first means for selecting in communication with the  first input means for
storing data and the second input means  for storing data, and a second
means for selecting in  



communication with the first output means for storing data and  the
second output means for storing data. The processor also  includes
means for controlling switching of the first and second  means for
selecting such that data associated with a first  processor thread passes
through the first input means for  storing data, the means for executing,
and the first output  means for storing data during a time that the first
processor.  thread is being processed, and data associated with a second
processor thread passes through the second input means for  storing
data, the means for executing, and the second output  means for storing
data during a time that the second processor  thread is being processed.
The first input means for storing  data and the first output means for
storing data are operable to  store a state of the first processor thread,
and the second  input means for storing data and the second output
means for  storing data are operable to store a state of the second
processor thread. [0015] in general, in another aspect, this specification
describes a processor including means for storing data 9 corresponding to
each of a plurality of processor threads. Each  moans for storing data is
located either before or after a stage  means of the processor. The
processor further includes means  for performing a context switch among
the plurality of processor  threads, including means for storing a state of a
currently  



executing processor thread in a corresponding set of means for  storing
data, and loading a state of another processor thread  from a
corresponding set of means for storing data to allow for  processing of the
another processor thread. [0016? In general, in another aspect, this
specification  describes a processor including means for fetching
instructions  associated with a plurality of processor threads, means for
decoding the fetched instructions, means for issuing decoded
instructions, and means for storing data associated with a  corresponding
processor thread within a corresponding means for  storing. [0017]
Particular implementations can include one or more of  the following
features. The data can include operands or  results of executed
instructions associated with a riven  processor thread. The processor can
further include means for  determining a processor thread from which a
next instruction  will be fetched. The processor can further include means
for  storing data corresponding to each of the plurality of processor
treads. Each means for storing data can be located either i0 before or
after a stage means of the processor. The processor  can include means
for performing a context switch among the  plurality of processor threads,
including means for storing a  state of a currently executing processor
thread in a  corresponding means for storing data, and loading a state of  



another processor thread from a corresponding means for storing  data to
allow for processing of the another processor thread.  [0015] The means
for performing a context switch can include  means for storing a value
representing how much processor time  is to be allocated for a respective
processor thread. The means  for performing a context switch can include
means for switching  a selector that is in communication with the means
for fetching.  [0019] Implementations can include one or more of the
following  advantages. A pipeline processor is provided that performs
context switches without any interrupt overhead associated with  hardware
interrupts - e.g., an interrupt service routine. In  one implementation,
context switches occur automatically, and  primarily through hardware,
e.g., using a programmable thread  allocation controller. In one
implementation, a pipeline  processor saves a state of a first processor
thread to a first  set of registers located between each pipeline stage of
the  pipeline processor, and loads a state of a second processor  thread
from a second set of registers also located between each 11 pipeline
stage of the pipeline processor. The location of the  registers allow for fast
context switching times. [0020] Users, e.g., network administrators can
customize how  much processor time is allocated to each processor
thread. In  one implementation, after an initial processor time allocation
has been established, users can further dynamically change the  



processor time allocation. Users can retain full control of  processor time
allotment rather than relinquishing the control  to an operating system.
[0021] The details of one or more implementations are set forth  in the
accompanying drawings and the description below. Other  features and
advantages will be apparent from the description  and drawings, and from
the claims. DESCRIPTION OF DRAWINGS [0022] FIG. 1 is a block
diagram of a pipeline processor  architecture. (0023] FIG. 2 is method of
operation in the pipeline processor  architecture of FIG. 1. (0024] FIG. 3 is
a block diagram of a pipeline processor in  accordance with the pipeline
processor architecture of FIG. 1.  [0025] FIG. 4 is a block diagram of a
pipeline processor  architecture. 12 [0026] FIG. 5 is a block diagram of a
pipeline processor in  accordance with the pipeline processor architecture
of FIG. 4.  [0027] FIG. 6 is a method of performing exception handling in
the pipeline processor architectures of FIGS, 1 and 4. [0028] FIG. 7 is a
method of performing interrupt handling in  the pipeline processor
architectures of FIGS. 1 and 4. [00291 Like reference symbols in the
various drawings indicate  like elements. 



DETAILED DESCRIPTION [0030] FIG. 1 is a block diagram of a pipeline
processor  architecture 100 that is operable to process two or more
processor threads T1, T2, ... Tn. Processor threads TI, T2,  Tn  each
represent an architectural state within pipeline  processor architecture 100
that tracks execution of  corresponding software programs. Instructions for
the software  programs can be retrieved from, for example, an instruction
cache (e.g., instruction cache 102). In one implementation,  pipeline
processor architecture 100 includes two or more program  counters (not
shown) each of which corresponds to a processor  thread T1, T2, ... Tn.
Each program counter indicates where  (for a corresponding processor
thread T1., T2, ... Tn) pipeline  processor architecture 100 is with respect
to an instruction 13 sequence- Program counters are discussed in greater
detail  below in association with FIGS, 3 and S. (0031] In one
implementation, pipeline processor architecture  100 includes six pipeline
stages. The six pipeline stages  include an instruction fetch stage (IF), an
instruction decode  stage (ID), an instruction issue stage (IS), an
instruction  execution stage (EX), a data memory read stage (MEM), and
write  back stage (WB). Pipeline processor architecture 100, however,
can include a different number of pipeline stages. Pipeline  processor
architecture 100 further includes an instruction fetch  



unit (IFU)104, decode logic 106, issue logic 108, a register  file 110, an
execution unit 112, read logic 114, write logic  116, and a programmable
thread allocation controller 116. [0032] Instruction fetch unit 104 retrieves
program  instructions from, e.g., instruction cache 102. Decode logic  106
decodes the program instructions and generates decoded  instructions to
be executed by execution unit 112. In one  implementation, the decoded
instructions are fixed length  micro-op instructions. Issue logic 108 issues
decoded  instructions to execution unit 112 for execution. Execution  unit
7-12 can be a load execution unit, store execution unit,  arithmetic logic
unit (ALU), multiply and accumulate (MAC) unit,  or a composite load/store
execution unit as described in U.S. patent application entitled -- "Variable
Length Pipeline  14 Processor Architecture" by Hong-yi Chen and Jensen
Tjeng,  attorney docket no. MP0634!13361-140001; which is incorporated
by reference in its entirety. Read logic 114 reads data from,  e.g., a data
cache (not shown). Write logic 116 writes results  of executed instructions
hack to, e.g., a data cache, register  file 110, or a re-order buffer (not
shown). [00331 Register file 11C stores data associated with each
processor thread Tl , T2, ... Tn. In one implementation,  



register file 110 includes separate banks (e.g., banks T1, T2,  ... Tn) that
store data associated with a corresponding  processor thread T1, T2, ...
Tn. For example, if write logic  116 is writing data associated with
processor thread T2 back to  register file 110, then write logic 1166 writes
the data to bank  T2 of register file 110. Alternatively, a separate register
file (not shown) for storing data corresponding to each  processor thread
Tl, T2, ... Tn can be implemented within  pipeline processor architecture
100. [0034] Programmable thread allocation controller 118 can be
programmed to store processor time allocations that have been  defined
for each processor thread Ti, T2, ... Tn - i.e., what  portion of processor
time will be dedicated to each processor  thread Ti, T2, ... Tn. In one
implementation, input , e.g.,  from a user, defining portions of processor
time to be allocated  to each of a plurality of processor threads (e.g.,
processor threads Ti, T2, ... Tn) is received through a graphical user
interface (not shown). For example, a user can allocate 95% of  processor
time to a first processor thread and 5% to a second  processor thread for
a dual thread pipeline processor. In one  implementation, the processor
time allocation defined for each  processor thread (e.g., processor threads
T1, T2, ... Tn) can be  dynamically changed - i.e., changed during program
execution - by a user or preferably by a software program (e.g., a software
program to be executed) . Alternatively, the processor time  



allocation for each processor thread can be statically set - i.e., not
changeable during program execution. [0035] In one implementation,
programmable thread allocation  controller 118 performs a context switch
automatically by  determining a processor thread from which a next
instruction  will be fetched (e.g., by instruction fetch unit 104). In one
implementation, programmable thread allocation controller 118  performs
a context switch by switching one or more selectors  ,e.g., multiplexers
and/or de-multiplexers (not shown) that are  in communication with
instruction fetch unit 104. One  implementation of a processor including
multiplexers and  de-multiplexers that performs context switches is
discussed  below in association with FIGS. 3, 4, and 5. When a context
switch occurs, an instruction associated with a next processor  thread is
fetched by instruction fetch unit 104. Though the 16 pipeline stages (e.g.,
pipeline stages. IF, IL, IS, EX, MEM, WE)  of pipeline processor
architecture 100 may contain instructions  associated with two or more
processor threads, data associated  with each given processor thread is
maintained separately  through register file 110, thus, the integrity of data
associated, with each processor thread is maintained. Unlike a
conventional pipeline processor that may require an interrupt  service
routine, programmable thread allocation controller 11e  does not have any
interrupt overhead associated with performing  



a context switch. [00361 FIG. 2 shows a method 200 for processing
processor  threads through a pipeline processor architecture (e.g.,
pipeline processor architecture 100). Input defining portion  of processor
time to be allocated to each of a plurality of  processor threads is received
(step 202). In one  implementation, input allocations are received from a
user  through a graphical user interface. The processor time  allocated to
each processor thread can be stored in a  programmable thread
al"location controller (e.g., programmable  thread allocation controller 118)
In one implementation,  Processor time is allocated based on CPU
(Central Processing  Unit) cycles, clock cycles and/or instruction cycles.
[0037] Each thread is processed by the pipe ins processor  according to
the processor time allocated to each thread (stet  17 204). In one
implementation, a context, switch occurs  automatically according to the
processor time allocated to each  thread as stored in the programmable
thread allocation  controller. In one implementation, a programmable
thread  allocation controller controls switching of one or more  multiplexers
and/or de-multiplexers that are in communication  with an instruction fetch
unit (e.g., instruction fetch unit  104). In one implementation, a
programmable thread allocation  controller controls switching of one or
more multiplexers and/or  



de-multiplexers located before and after each pipeline stage of  the
pipeline processor to perform a context switch, as discussed  n greater
detail below. In this implementation, a state of a  processor thread is
stored in, and loaded from, registers that  are located before and after
each pipeline stage in the pipeline  processor. In one implementation,
context switches occur at the  end of a given instruction cycle. [00381 A
determination is made (e.g., through programmable  thread allocation
controller 118) whether input dynamically  changing the processor time
allocation is received (step 206).  If the processor time allocated to each
processor thread has not  been dynamically changed, then each
processor thread is  processed according to the processor time allocation
as  previously established, and method 200 returns to step 204. if  the
processor time allocation has been dynamically changed, then i8 each
processor thread is processed according to the changed  processor time
allocation (step 208). After step 208, method  200 returns to step 206,
discussed above. [0039] FIG. 3 illustrates a block diagram of a pipeline
processor 300 built in accordance with pipeline processor  architecture
100 that processes (n) processor threads T1, T2,  ... Tn. In one
implementation, pipeline processor 300 includes  an instruction fetch unit
304, a decoder 306, a register file  308, issue logic 310, a two-stage
execution unit 312, a re-order  



buffer 314, and a programmable thread allocation controller 316.  Pipeline
processor 300 further includes registers Ti-Tn and  program counters
T1-Tn that respectively correspond to processor  threads T1, T2, ... Tn.
Pipeline processor 300 further includes  multiplexer 350. [0040] In one
implementation, during an instruction fetch (IF)  stage, instruction fetch
unit 304 retrieves an instruction to be  executed from, for example,
instruction cache 302. Instruction  fetch unit 304 retrieves instructions in
accordance with program  counters Ti, T2, ... Tn. In one implementation,
program counter  T1 indicates an execution status of processor thread Ti
(i.e.,  where pipeline processor 300 is with respect to an instruction
sequence associated with processor thread T1), program counter  T2
indicates an execution status associated with processor 19 thread T2, and
program counter Tn indicates an execution status  associated with
processor thread Tn. [00411 During an instruction decode stage (ID),
instructions  retrieved by instruction fetch unit 304 are decoded, [00421
During an instruction issue stage (IS), in one  implementation, the
decoded instructions are sent to re-order  buffer 314 (through issue logic
310). Re-order buffer 314  stores the decoded instructions until the
decoded instructions  are issued for execution. In one implementation,
re-order  buffer 311, is a circular buffer. 



[00431 Re-order buffer 314 also stores the results of executed
instructions until the executed instructions are ready for  retirement, e.g.,
into register file 308. In one  implementation, register file 308 includes
banks (e.g., banks  Ti, T2, ... Tn) that correspond to each processor
thread (e.g.,  processor threads T1, T2, ... Tn) processed by processor
300.  Bank Ti holds data associated with processor thread Ti, bank T2
holds data associated with processor thread T2, and bank Tn  holds data
associated with processor thread Tn. The data can  include operands
and/or results of executed instructions  associated with a given processor
thread. In one  implementation, pipeline processor 300 does not include a
re-order buffer 314. 20 [0044] During executions stages EX1, EX2,
execution unit 312  executes the decoded instructions issued from issue
logic 310.  Execution unit 312 can be any type of execution unit, as
discussed above. Though execution unit 312 is shown as having  two
pipeline stages, execution unit 312 can have a different  number of,
pipeline stages. In one implementation, results of  the executed
instructions are written back to re-order buffer  314, and then retired to
register file 308. [0045] Programmable thread allocation controller 316 is
operable to be programmed to store processor time allocation for  each
processor thread Ti, T2, ... Tn - i.e., how much processor  



time will he dedicated to each processor thread T1, T2, ... Tn.  In one
implementation, input, e.g., from a user, allocating  portions of processor
time to each processor thread T1, T2, Tn is received through a graphical
user interface (not shown).  In one implementation, the processor time
allocation for each  processor thread Tl, T2, . .. Tn can be dynamically
changed by a  user. In one implementation, the processor time allocation
for  each processor thread T1, T2, ... Tn is changed dynamically  through
a software application being processed by processor 300.  [0046] In one
implementation, programmable thread allocation  controller 316
automatically performs a context switch between  processor threads T1,
T2, ... Tn by switching multiplexer 350  that is in communication with
instruction fetch unit 304. For 2l example, during a time that pipeline
processor 300 is processing  processor thread Ti, multiplexer 350 is
controlled to pass  instructions associated with processor thread Tl
through the  pipeline stages of pipeline processor 300. When a context
switch occurs from processor thread Ti, multiplexer 350 is  controlled to
pass instructions associated with another  processor thread, e.g.,
processor thread T2. In one  implementation, multiplexer 350 is an n-to-1
multiplexer. [0047] In one implementation, programmable thread allocation
controller. 316 includes a plurality of thread allocation  counters (e.g.,
thread allocation counters T1-Tn) that determine  



a weighting that corresponds to processor time allocated to each
processor thread. For example, in one implementation, each of  thread
allocation counters Ti-Tn contains a value that  represents how many CPU
cycles are allocated for each thread.  For example, if thread allocation
counter Ti contains a value of  256, thread allocation counter T2 contains
a value of 16, and  thread allocation counter Tn contains a zero value,
-then  instructions will be first fetched from processor thread Ti for  256
CPU cycles, then instructions will be fetched from processor  thread T2 for
16 CPU cycles, and zero instructions will be  fetched from processor
thread Tn. instructions are then fetched  from processor threads T1 and
T2 again for another 256 CPU  cycles and 16 CPU cycles, respectively,
and so on. The 22 instruction fetching can continue accordingly until the
values  within one or more of the thread allocation counters are  changed.
As each thread allocation counter T1-Tn reaches a zero  value, then
programmable thread allocation counter 316 switches  multiplexer 350 to
pass instructions associated with a next  processor thread to instruction
fetch unit 304 for processing.  [00487 FIG. 4 is a block diagram of a
pipeline processor  architecture 400 that is operable to process two or
more  processor threads T1, T2, ... Tn. Instructions associated with
processor threads Ti, T2, ... Tn can be retrieved from, for  example, an
instruction cache (e.g., instruction cache 402).  



[00497 In one implementation, pipeline processor architecture  400
includes six pipeline stages. The six pipeline stages  include an instruction
fetch stage (IF), an instruction decode  stage (ID), an instruction issue
stage (IS), an instruction  execution stage (EX), a data memory read stage
(MEM), and write  back stage (WB). Pipeline processor architecture 400,
however,  can include a different number of pipeline stages. Pipeline
processor architecture 400 further includes an instruction fetch  unit (IFU)
404, decode logic 406, issue logic 408, an execution  unit 410, read logic
412, write logic 414, and a programmable  thread allocation controller 416.
Pipeline processor  architecture 400 is similar to pipeline processor
architecture  of FIG. 1, however, pipeline processor architecture 400
further 23 includes a set registers (e.g., registers Al--A7, N1-N7)  located
between each pipeline stage (one before and after each  stage) for storing
a state of a corresponding processor thread  Tl, T2, ... Tn during a context
switch. [0050] Registers Al-A7 store a state of processor thread Tl.  I.. a
like manner, registers B1-B7 store a state of processor  thread T2, and
registers NI-N7 store a state of processor thread  Tn. In one
implementation, each register Al-A7, B1-B7, N1-N7  stores a state of a
corresponding processor thread including  storing a state of data
produced by a corresponding pipeline  stage of pipeline processor
architecture 400 at the end of given  



instruction cycle. For example, when processing instructions  associated
with processor thread T1, at the end of an  instruction cycle register A3
can store a state of data for  processor thread Ti received from decode
logic 406, and register  A5 can store a state of data received from
execution unit 410.  Registers Al-A7, PI-B7, NI-N7 facilitate context
switches in  that they permit a state of a corresponding processor thread
to  be directly loaded from (or stored to) a given register. In one
implementation, each set of registers Al-A7, Bl-B7, N1-N7 is  located
relatively close to a functional unit within pipeline  processor architecture
400 (e.c " between each pipeline stage)  and permits fast context
switching times. 24 [0051] In one implementation, programmable thread
allocation  controller 41.6 performs a context switch automatically by
switching one or more multiplexers and/or de-multiplexers (not  shown)
located before or after each pipeline stage (e.g.,  pipeline stages IF, ID,
IS, EX, MEM, WB). One implementation of  a processor including
multiplexers and de-multiplexers that  performs context switches is
discussed below in association with  FIG. 5. When a context switch
occurs, one set of registers  (e.g., registers Al-A'7) associated with a
current processor  thread (e.g., processor thread T1) from which the
context switch  is to occur stores a state of the current processor thread.
To  complete the context switch, a state of a next processor thread  



(e.g., processor thread T2) is loaded from a different set of  registers (e.g.,
registers B1-B7) associated with the next  processor thread. The pipeline
processor processes the next  processor thread in the following instruction
cycle. In one  implementation, context switches occur at the end of an
instruction cycle (i.e., after data from a pipeline stage has  been saved to
an associated register) to permit seamless context  switches. [0052] FIG.
5 illustrates a block diagram of a pipeline  processor 500 built in
accordance with pipeline processor  architecture 400 that processes two
threads Ti, T2. In one  implementation, pipeline processor 500 includes an
instruction 25 fetch unit 504, a decoder 506, a register file 508, issue logic
510, a two-stage execution unit 512, a re-order buffer. 514, and  a
programmable thread allocation controller 516. Pipeline  processor 500
further includes a first set of registers Al-A6  that corresponds to processor
thread T1, and a second set of  registers B1-B6 that corresponds to
processor thread T2.  Pipeline processor 500 further includes program
counters Ti, T2,  multiplexers 550, and de-multiplexers 552. [0053] In one
implementation, during an instruction fetch (IF)  stage, instruction fetch
unit 504 retrieves an instruction to he  executed from, for example,
instruction cache 502. Instruction  fetch unit 504 retrieves instructions in
accordance with program  



counters T1, T2. In one implementation, program counter T1  indicates an
execution status of processor thread TI (i.e.,  where pipeline processor
500 is with respect to an instruction  sequence associated with processor
thread T1), and program  counter T2 indicates an execution status
associated with  processor thread T2. [0054] During an instruction decode
stage (ID), instructions  retrieved by instruction fetch unit 504 are
decoded. [0055] During an instruction issue stage (IS) , in one
implementation, the decoded instructions are sent to re-order  buffer 514
(through issue logic 510). Re-order buffer 514  stores the decoded
instructions until the decoded instructions 26 are issued for execution. In
one implementation, re-order  buffer 514 is a circular buffer. [0056]
Re-order buffer 514 also stores the results of executed  instructions until
the executed instructions are ready for  retirement, e.g, into register file
508. In one  implementation, register file 508 includes two banks TI, T2.
Bank T1 holds data associated with processor thread T1, and ban],  T2
holds data associated with processor thread -2 - Register  file 508 can
include a thread index (not shown) that indicates  registers from which
data will be loaded. The thread index  ensures that data from a register
associated with a currently  



executing processor thread will be loaded into register file  508. [00571
During executions stages EX1, EX2, execution unit 512  executes the
decoded instructions issued from issue logic 510.  Execution unit 512 can
be any type of execution unit, as discussed above. Though execution unit
512 is shown as having  two pipeline stages, execution unit 512 can have
a different  number of pipeline stages. In one implementation, results of
the executed instructions are written back to re-order buffer  514, and then
retired to register file 508. [0058] Programmable thread allocation
controller 516 is  operable to be programmed to store processor time
allocation for  each processor thread T-', T2. In one implementation, 27
programmable thread allocation controller 516 automatically  performs a
context switch between processor threads T7., T2 by  switching
multiplexers 550 and de-multiplexers 552 located  respectively before and
after each pipeline stage (e.g.,  pipeline stages IF, ID, IS, EXI, EX2) of
pipeline processor 500.  For example, during a time that pipeline
processor 500 is  processing processor thread T1, multiplexers 550 and
de-multiplexers 552 are controlled to pass instructions  associated with
processor thread Tl (through the pipeline stages  of pipeline processor
500). State information for processor  thread T2 is stored in registers
B1-36. When a context switch  



occurs from processor thread T1, registers Al-A6 store a state  of
processor thread. T1, and a state of processor thread T2 is  loaded from
registers 31-36 (through multiplexers 550 and  de-multiplexers 552) and
processed by pipeline processor 500. In one implementation, each of
multiplexers 550 is a 2-to-1  multiplexer, and each of de-multiplexers 552
is a 1-to--2  de-multiplexer. Exception Handling [0059] When a processor
(e.g., processors 300, 500) built in  accordance with pipeline processor
architectures 100, 400  detects an exception, the normal sequence of
instruction  execution is suspended. An exception is an event that causes
suspension of normal program execution. Types of exceptions 28 include,
for example, addressing exceptions, data exceptions,  operation
exceptions, overflow exceptions, protection  exceptions, underflow
exceptions and so on. An exception may  be generated by hardware or
software. [0060] FIG. 6 illustrates a method for performing exception
handling in a processor implemented according to pipeline  processor
architectures 100, 400. An exception request occurs  while instruction i of
a given thread is being executed (step  602). Program counter values
associated with each processor  thread are saved, along with a state of
current instructions  within the pipeline of the processor (step 604) in one  



implementation, all instructions within the pipeline of the  processor are
aborted, or flushed. The processor jumps to an  exception handling
routine associated with a given thread (step  606). In one implementation,
each processor thread has an  associated exception handling routine that
is separate and  independent from exception handling routines associated
with  other processor threads. In one implementation, a single  exception
handling routine performs exception requests for  substantially all
processor threads. [0061] The exception request is executed by a given
exception  handling routine (step 608). After the exception request has
been performed by the processor, program counter values are  restored
within program counters of the processor, and a state 29 of instructions
(prior to the exception request) is restored  within the pipeline of the
processor (step 610). The processor  resumes program execu-ion of the
next instruction 'e.g  instruction i+l) after returning from an exception
handling  routine (step 612). In step 612, the processor can resume
program instruction at instruction i if the instruction is to be  re-executed.
Interrupt Hance [00621 Interrupts within a processor implemented
according to  pipeline processor architectures 100, 400 are handled
similarly  to exceptions. FIG. 7 illustrates a method for handling  



interrupts in a processor implemented according to pipeline  processor
architectures 7.00, 400. [00631 An interrupt occurs while instruction i of a
given  thread is being executed (step 702). Program counter values
associated with each processor thread are saved, along with a  state of
current instructions within the pipeline of the  processor (step 70). The
processor jumps to an interrupt  handling routine associated with a given
thread (step 706) In  one implementation, each processor thread has an
associated  interrupt handling routine having an entry point that is
separate and independent from entry points associated with  interrupt
handling routines associated with other processor  threads. An entry point
is a starting address of an interrupt 30 handling routine. In one
implementation" a single interrupt  handling routine (with a single entry
point) performs interrupts  for substantially all processor threads. (0064]
The interrupt is executed by a given interrupt handling  routine (step 708).
After the interrupt has been performed by  the processor, program counter
values are restored within  program counters of the processor, and a state
of instructions  (prior to the interrupt request) is restored within the pipeline
of the processor (step 710). The processor resumes program  execution
of the next instruction (e.g., instruction i+l) after  returning from an interrupt
handling routine (step 712). 



[00651 A pipeline processor built in accordance with pipeline  processor
architectures 100, 400 can be used in a wide range of  applications.
Example applications include data storage  applications, wireless
applications, and computer system  applications. [0066] A number of
implementations have been described.  Nevertheless, it will be understood
that various modifications  may be made without departing from the spirit
and scope of the  invention. For example, the steps of the methods
described  above can be performed in a different order and still achieve
desirable results. Accordingly, other implementations are  within the scope
of the following claims. 31 LLOYD WISE  WHAT IS CLAIMED IS: 1. A
processor, comprising: a pipeline comprising multiple pipeline stages
including a set of registers  corresponding to each of a plurality of
processor threads, including a first processor  thread and a second
processor thread, the registers being located before and after  each
pipeline stage in the multiple pipeline stages of the pipeline of the
processor; wherein each pipeline stage includes a first selector in
communication with  input registers for that pipeline stage, and a second
selector in communication with  output registers for that pipeline stage, the
input registers and the output registers  being from the set of registers;
and a programmable controller operable to perform a context switch
among the  



plurality of processor threads, including storing a state of a currently
executing  processor thread in a corresponding set of registers and
loading a state of another  processor thread, by controlling switching of
the first and second selectors such that  data associated with the first
processor thread pass through the corresponding first  sets of registers,
and the multiple pipeline stages, during a time that the first  processor
thread is being processed, and data associated with the second
processor thread pass through the corresponding second set of registers,
and the  multiple pipeline stages, during a time that the second processor
thread is being  processed, wherein the programmable controller includes
a plurality of dedicated hardware  thread allocation counters
corresponding to the plurality of processor threads to  effect the context
switch by the programmable controller within the processor, each  thread
allocation counter to contain a value representing how much processor
time  is to be allocated for a respective processor thread. 2. The processor
of claim 1, wherein the programmable controller  controls switching of the
first and second selectors based on input defining  processor time to be
allocated to each of the first processor thread and the second 32 LLOYD
WISE  processor thread. 3. The processor of claim 1, further comprising: a
first interrupt handling routine to handle an interrupt request associated
with  the first processor thread; and a second interrupt handling routine to
handle an interrupt request associated  with the second processor thread. 



4. The processor of claim 3, wherein the first interrupt handling routine
and the second interrupt handling routine have separate entry points. 5.
The processor of claim 1, further comprising: a first exception handling
routine to handle an exception request associated  with the first processor
thread; and a second exception handling routine to handle an exception
request  associated with the second processor thread. 6. The processor of
claim 1, further comprising a single exception  handling routine or a single
interrupt handling routine to respectively handle  substantially all exception
requests or substantially all interrupt requests associated  with both the
first processor thread and the second processor thread. 7. The processor
of claim 1, further comprising a register file including a  plurality of banks
corresponding to each of the plurality of processor threads, each  bank
operable to store data associated with a corresponding processor thread.
8. The processor of claim 1, further comprising a plurality of program
counters, each program counter operable to indicate an execution status
of a  corresponding processor thread. 33 LLOYD WISE  9. The processor
of claim 1, further comprising: an instruction fetch unit operable to fetch
instructions associated with a  plurality of processor threads, including the
first processor thread and the second  processor thread; a decoder
responsive to the instruction fetch unit;  issue logic responsive to the
decoder; and 



a register file including a plurality of banks corresponding to the plurality of
processor threads, each bank operable to only store data associated with
a  corresponding processor thread. 10. The processor of claim 9, wherein
the data includes operands or  results of executed instructions associated
with a given processor thread. 11. The processor of claim 9, the
programmable controller in  communication with the instruction fetch unit,
the programmable controller operable  to determine a processor thread
from which a next instruction will be fetched by the  instruction fetch unit.
12. The processor of claim 9, wherein the programmable controller is
operable to perform a context switch including switching a selector that is
in  communication with the instruction fetch unit. 13. The processor of
claim 12, wherein the programmable controller is  operable to control
switching of the selector that is in communication with the  instruction
fetch unit dynamically during execution of a program. 14. The processor of
claim 12, wherein the programmable controller is  operable to control
switching of the selector that is in communication with the  instruction
fetch unit statically based on a pre-determined processor time allocation
for each of the plurality of processor threads. ;4 LLOYD WISE  15. A
method comprising: providing a first processor thread for instruction
execution;  providing a second processor thread for instruction execution;
processing the first processor thread; and 



performing a context switch from the first processor thread to the second
processor thread including, storing a state of the first processor thread in a
first set of registers  corresponding to the first processor thread; and
loading a state of the second processor thread from a second set of
registers corresponding to the second processor thread, wherein the
performing comprises performing the context switch in  accordance with
signals from a programmable controller including at least first and  second
dedicated hardware thread allocation counters corresponding to the first
and  second processor threads to effect the context switch by the
programmable controller within the processor, each thread allocation
counter to contain a value  representing how much processor time is to be
allocated for a respective processor  thread. 16. The method of claim 15,
wherein storing a state of a given processor  thread within a
corresponding set of registers includes storing data corresponding to  a
pipeline stage of a processor. 17. The method of claim 15, further
comprising:  receiving input changing the processor time allocation; and
performing a context switch among the first and second processor threads
based on the changed processor time allocation. 18. The method of claim
15, wherein performing a context switch includes  performing a context
switch dynamically during execution of a program. 35 LLOYD WISE  19.
The method of ciaim 15, wherein performing a context switch includes 



performing a context switch statically based on a pre-determined
processor time  allocation for each of the first processor thread and the
second processor thread.  M. The method of claim 15, wherein performing
a context switch includes  performing the context switch at an end of an
instruction cycle. 21. The method of claim 15, further comprising storing
data associated  with a given processor thread in a corresponding bank of
a register file. 22. The method of claim 15, further comprising indicating an
execution  status of a corresponding processor thread. 23. The method of
claim 15, further comprising: fetching instructions associated with a
plurality of processor threads, including  the first processor thread and the
second processor thread; decoding the instructions; issuing the
instructions to an execution unit; and storing data associated with an
issued instruction of a given processor thread  within a corresponding
bank of a register file, wherein each bank only stores data  associated
with a corresponding processor thread. 24. The method of claim 23,
further comprising determining a processor  thread from which a next
instruction will be fetched. 36 


