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Interrupt/software-controlled thread processing.

Background of the Invention

1. Field of the Invention
The invention relates to thread-oriented processing and, in particular, to

multiple-thread processing by the use of contexts.

2. Description of Related Art

In multiple-thread processing, a processor is capable of successively running a
plurality of different processes (commonly referred to as “threads"). Upon the occurrence of a
particular event, such as after the elapse of a predetermined time period or upon the receipt of
a specific instruction, the processor suspends running of one thread, stores a context describing
the status of the thread being suspended, and begins running another thread, which is also
described by a respective context. Each "context” contains information needed for the
processor either to initiate running of a new thread or to continue operation of a suspended

thread. Typically this information includes memory addresses, status information and data.

In order to provide direct and rapid access to stored thread contexts, some
processors include multiple banks of local context registers. This, however, is an inflexible
arrangement which limits to a fixed quantity the number of threads that can be run. It is also
inefficient whenever the number of threads is smaller than the number of register banks
provided.

Alternatively, the multiple contexts can be stored in a separate memory.
Various examples of such an approach are described in U.S. Patent 5349680. In one of these
examples, described in the patent as a conventional information processing apparatus, a main
processor includes both an application supporting unit for successively executing operations
from different application processes and a system supporting unit for controlling the operation
in the information processing apparatus. The efficiency of this arrangement is described as
inferior, because the application supporting unit and the system supporting unit are never

operated at the same time. U.S. Patent 5349680 proposes alternative arrangements utilizing
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multiple stored contexts, but each of these arrangements requires the use of two separate

processors. This is an expensive way to improve efficiency.

Summary of the Invention

It is an object of the invention to enable rapid and efficient multiple-thread
processing by a single processor that does not suffer from the inflexibility of utilizing a fixed
number of local context registers.

This and other objects are achieved by swapping contexts between a context
register set and a memory. This enables rapid multiple-thread processing with a minimum of
hardware. In accordance with the invention, a method is employed which includes:

) associating each of the interrupts with a respective memory location;
o storing in the memory locations a plurality of respective thread context pointers,
each of the pointers identifying a memory location for containing a thread context fully
describing the operational status of one of the threads; _
[ in response to the occurrence of any of the interrupts, reading the pointer from
the respective memory location associated with the interrupt;
. ~~ reading the thread context from the memory location identified by the thread
context pointer read and into the context register set; and
. running the thread described by the thread context read.

| By storing in memory locations associated with respective interh‘xpts not
contexts themselves, but pointers to contexts, the interrupts are de-referenced from specific
contgxts. This provides a high degree of versatility in determining responses to interrupts. It

also enables memory to be conserved by storing in only oné memory location a context which

is common to more than one interrupt and by including the address of this common context in

each of the pointers for these interrupts. Further, by storing contexts themselves directly in the

memory locations identified by the pointers, rapid processor changes from one thread to -

another are made possible.

Note that the word "memory", as used herein, is intended to be interpreted as
generally as is consistent with the manner in which it is used and includes, without limitation,
volatile and non-volatile devices of various types, such as registers, RAMs, DRAMs, ROMs,
and combinations of such devices. Additionally, "reading” means retrieving information from
o0 ne memory and writing it into another.

In a particularly advantageous embodiment of the invention, certain instructions

in a program stream (i.e. the instruction s’eqﬁence that forms the program) being executed by
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the processor directly effect context changes in the processor. This enables rapid context
changes to be initiated by the threads themselves.

Brief Description of the Drawing

Figure 1 is a diagram which generally illustrates operation of a multiple-thread
processing system in accordance with an embodiment of the invention.

Figure 2 is a diagram which illustrates operation of the multiple-thread
processing system of Figure 1 with a specific set of pointers and thread contexts stored in
memory. .

Figure 3 is a diagram illustrating operation of the muitiple-thread processing
system of Figure 1 with prioritizc_ad threads.

Figure 4 is a diagram illustrating operation of the multiple-thread processing

system of Figure 1 with first and second levels of priorities.

Description of the Preferred Embodiments

The multiple-thread processing system of Figure 1 includes a single processor
10 and a memory 20. The exemplary processor 10 is a hardware-accelerated unit which
utilizes clock pulses to sequence through instructions identified by a program counter register.
Typically, the program counter régister contains the memory location of the next instruction to
be read and acted upon by the processor.

The processor includes an interrupt processing unit 12, a context register set 14,
an instruction decoder 16 and an arithmetic logic unit 18. The memory 20, in this exemplary
embodiment, comprises a RAM having a multiplicity of memory locations for storing, inter
alia, a plurality of thread context pointers PtrTC1, PtrTC2, PuTC3, ...PtrTCn, and a plurality
of thread contexts.

The processor 10 and the memory 20 are connected to a common bus 30 for
communicating with each other and with other hardware that is connected to the bus. The bus
includes respective lines for carrying information such as addresses, interrupts, data, read
strobes, write strobes and device-select strobes, Preferably, this is a high-speed bus which is at
least partially formed on a common silicon substrate with the processor and the memory.

Operation of the processor 10 is controlled entirely by interrupts and by
instructions in the prgram stream. The interrupts may be either external interrupts received
from the bus 30 or internal interrupts generated within the processor itself, e.g., from a timer

{not shown) in the processor. Each of the external interrupts is associated with a predetermined
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location in the memory 20 where one of the thread context pointers PTC1, PuTC2, PuTC3,
...PtrTCn is stored. Each of these pointers is associated with one of the thread contexts that is
utilized by hardware connected to the bus 30 and identifies the memory location where the
specific context is stored. Note that more than one of the pointers (e.g. PtrTC1 and PuTC3)
may be associated with (i.e. "share") the same thread context and, thus, identify the same
memory location. This is useful if, for example, more than one apparatus connected to the bus
30, e.g. a receive FIFO and a transmit FIFO, utilize the same context. Each of the internal
interrupts is associated with a predetermined location in the memory 20 where one of the -
thread contexts utilized by the processor is stored. '

If a context is shared, the processing time is longer, because the interrupt
service thread must determine the-source of the interrupt. However, less memory is needed.
Conversely, if an interrupt makes exclusive use of a context, the iﬁtermpt service thread can
inherently identify the source of the interrupt and the processing response time is shorter. This
provides a system architect with flexibility.

All of the interrui:ts are processed by the interrupt processing unit 12, which
includes a thread context locator 120, a pointer register 122 and, optionally, a cache manager
124. The thread context locator 120 produces addresses identifying the memory locations that

are associated with the external and internal interrupts. In response to any interrupt, the thread

ccontext locator produces an addréss identifying the predetermined location in the memory 20

where the associated one of the thread context pointers Pt#TC1, PtrTC2, PaTC3,...PtrTCn is
stored. The processor then reads the thread context location from this memory location into the
pointer register 122. Examples of external interrupté'include FIFO TRANSMIT COMPLETE,
FIFO DATA RECEIVED, DMA TRANSFER COMPLETE, FIFO TRANSMIT FAILURE
etc. Examples of internal interrupts include internal timers etc.

Preferably the thread-context locator comprises a dedicated priority-sensitive

hardware component for producing the addresses, such as a programmable look-up table or an

encoder, both of which are well known in the art. This both-maximizes addressing speed and
enables processing of higher priority interrupts before lower priority interrupts.

The context register set 14 comprises a plurality of registers for containing the
context of the thread currently being run by the processor 10. In the preferred embodiment, the
register set 14 includes:

. a register PTR TC for storing the memory address of the context for the thread

currently being run the processor;
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. a register PREV PTR TC for storing the memory address of the context for the
thread previously run by the processor;
. a register PO which is used for identifying the locations of thread contexts that

may not be identified by the thread context pointers stored in the memory 20;

. a program counter register PC which continually updates to identify the address
of the next instruction in the memory 20 to be accessed;

. one or more general purpose registers (not shown); and

. one or more data registers (not shown) for containing data which is either read

from the memory 20 or produced by the arithmetic logic unit 18.

The instruction decoder 16 is a conventional hardware component, such as a
sequencer or micro-sequencer, for converting the instructions read from the memory 20 to
lower-level operation codes to be executed by the arithmetic logic unit 18. The arithmetic
logic unit is also a conventional hardware component.

Figure 2 illustrates operation of the processor 10 under the control of a plurality
of exemplary interrupts and instructions for context changes, occurring sequentially. The
boxes 40 represent the sequence of events within the processor as these interrupts and context-
change instructions occur. The exemplary context-change instructions represented (RESTORE
PREV TC, SWITCH TO PO TC, RESTORE FM P0 TC, SWITCH TO PREV TC and S/W
INTERRUPT) effect changes in the context register set 14, as will be explained in detail.

The boxes 20' represent the locations in the memory 20 containing specific
pointers, thread contexts located by these pointers, and thread contexts located by the context-
change instructions SWITCH TO PO TC and RESTORE FM PO TC occurring in the sequence
40. In this specific example, the memory locations 20' contain, respectively:

. the pointer Ptr TC INT 1 which is read by the processor in response to interrupt
INT 1 and which comprises the memory location of an associated thread context THREAD
CONTEXTF,

. the pointer Ptr TC EXT 1 which is read by the processor in response to interrupt
EXT 1 and which comprises the memory location of an associated thread context THREAD
CONTEXT A;

. the pointer Ptr TC EXT 2 which is read by the processor in response to interrupt
EXT 2 and which comprises the memory location of an associated thread context THREAD
CONTEXT B;
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. the pointer Ptr TC EXT 3 which is read by the processor in response to interrupt

EXT 3 and which comprises the memory location of an associated thread context THREAD
CONTEXT C; ' o

° the thread context THREAD CONTEXT A;

. the thread context THREAD CONTEXT B;

. the thread context THREAD CONTEXT C;
. . the thread context THREAD CONTEXT D;
° the thread context THREAD CONTEXTE;
. the thread context THREAD CONTEXT F.

In this embodiment, the instructions RESTORE PREV TC, SWITCH TO PO

TC, RESTORE FM PO TC, SWITCH TO PREV TC and S/W INTERRUPT are contained in

the memory 20 and are read into the instruction decoder 16 whenever their memory locations
are identified by the program counter register PC. |

The sequence shown in Figure 2 begins at a time t0, when the processor 10 is
running a thread A represented by THREAD CONTEXT A that is contained in the context
register set. For purposes of simplicity, it will be presumed that each of the interrupts is
enabled and will be executed immediately upon its occurrence.

Attime the'processorllo receives over one of the interrupt lines in bus 30 the
external interrupt EXT 2. In response to this interrupt the processor:

e : reads the thread context currently contained in the context régister set 14, i.e.

“the context for thread A (THREAD CONTEXT A), into the memory location identified by the

current thread context address contained in the PTR TC register in the context register set 14;

. reads into the i'egister PREV PTR TC the address currently contained in the
register PTR TC; '
. causes the thread context locator 120 to produce the address identifying the

memory location associated with external interrupt EXT 2, i.e. the memory location where
pointer Ptr TC EXT 2 is stored; '

° reads the pointer Ptr TC EXT 2, identifying the memory location of THREAD
CONTEXT B, into the pointer register 122; '

. reads this thread context into the context register set 14.and begins running

thread B.

At time t;, the processor 10 encounters, as the last instruction in thread B, the

instruction RESTORE PREV TC. In executing this instruction the processor:
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o reads the address from the PREV PTR TC register into the pointer register 122;
o optionally reads the address from the PTR TC register into the PREV PTR TC
register;
o reads thread context A from the memory 20’ location identified by pointer

register 122 into the context register set 14 and re-institutes running of thread A.

At time t3, while running thread A, the processor reads the instruction SWITCH
TO PO TC from a respective location in the memory 20’ identified by the program counter
register PC. This instruction is provided to enable a switch from one thread to another which
may not be identified by any of the pre-stored thread context pointers Ptr TC EXT 1, Ptr TC
EXT 2 or Ptr TC EXT 3 in the memory 20". To facilitate this switch, one of the instructions
which precedes the SWITCH TO PO TC instruction will pre-store in the PO register, in the
context register set, the address identifying the location of the context for the thread to be
switched to. In this example, the switch will be from current thread A to a thread D located
somewhere in the memory 20'. In execution of this instruction the processor:
° reads THREAD CONTEXT A into the memory location identified by the
current thread context address contained in register PTR TC in the context register set 14;

e reads into the register PREV PTR TC the address currently contained in the
register PTR TC;

3 reads the address from the PO register into the pointer register 122;

. reads the thread context (THREAD CONTEXT D) from the location in the

memory 20’ identified by the pointer register 122 into the context register set 14;
o begins running thread D.

At time 14, in response to instructions read from the memory 20' in the running
of thread D, the processor 10 executes the instruction RESTORE FM PO TC by reading it from
the respective location in the memory 20", The instruction RESTORE FM PO TC is similar to
the instruction SWITCH TO PO TC, but reads the context of a thread without storing the
context currently in the context register set 14. To facilitate performance of this instruction,
one of the instructions which precedes the RESTORE FM PO TC instruction will pre-store in
the PO register the address identifying the location of the context for the thread to be restored.

In this example, the processor will restore a thread E by:

° reading the address for THREAD CONTEXT E from the PO register to the

pointer register;
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8
Y " optionally reading the address from the PTR TC register into the PREV PTR
TC register; ' ' '
° reading THREAD CONTEXT E from memory 20' into the context register set.

At time ts, in the running of thread E, the processor reads the instruction
SWITCH TO PREV TC from the respective location in the memory 20" identified by the -
program counter register PC. This instruction is provided to enable a switch from a currently

running thread to the one that was previously running: In this example, the switch will befrom -~ =

current thread E to thread D. In executing this instruction, the processor:

° reads THREAD CONTEXT E into the memory location in memory 20'
identified by the current thread context address contained in register PTR TC in the context
register set 14; ' | '

o . reads the address from the PREV PTR TC register into the pointer register 122;
° reads into the reglster PREV PTR TC the address currently contained in the
register PTR TC; '

o reads thread context F from the men;lory: 20' location identified by pointer

register 122 into the context regiSier set 14 and reinstitutes running of thread D.

At time t, while running thread D, the processor reads the instruction S/W
INTERRUPT from the respective location in memory 20' identified by program counter
register PC. This instruction is provided to enable a software emulation of a hardware
interrupt. In this example, the instruction will emulate interrupt INT 1. In fesponse to this-
instruction the processor will respond the same way as it would upon receiving a hardware

interrupt INT 1. That is, the processor:

o reads currently running THREAD CONTEXT D from context register set 14
into the memory location identified by the address contained in register PTR TC;

o reads into register PREV PTR TC the address currently contained in register
PTR TC; |

® causes thread context locator 120 to produce the address identifying the

memory location associated with internal interrupt INT 1, i.e. the memory location where
pointer Ptr TC INT 1 is stored; | | |

. reads the pointer Ptr TC INT 1, identifying the memory location of THREAD
CONTEXT F, into pointer register 122; |

. reads this thread context into context register set 14 and begins running thread
F.
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As thus far described, the processor has the capability of rapidly changing the
context contained in a single context register set 14. Preferably, however, to increase context
changing speed the processor has a plurality of context register sets. In such case, the optional
context cache manager 124 will be included in the processor.

To achieve maximum speed, there would be as many context register sets in the
cache as there are different threads to be run by the processor. This would be an inefficient use
of cache memory space, however, where such high speed is not needed for every thread. In
accordance with another feature of the invention, optimum efficiency is achieved by having
fewer context register sets than threads, but by making more register sets per thread available
for higher priority threads than for lower priority threads. Figures 3 and 4 illustrates two
examples of such prioritizing.

Figure 3 represent;s thread processing in a system configured to run eight
threads (threads A, B, ... H) by utilizing four context register sets (I,ILII,IV) which are located
in a cache memory and are under the control of cache manager 124. Each of the context
register sets is similar to that shown in Figure 1, but further includes a register for storing a
Priority Code p which is included in the context of each of the eight threads. In this example:
o a single bit will be utilized to indicate either a high priority (p = 1) or a low
priority (p = 0) thread;

o threads A,B,C are designated high priority threads;
o threads D,E,F,G,H are designated low priority threads.

In the example of Figure 3, at a time tO the processor 10 is not running any
threads and the context register sets LILIILIV are in a reset state in which not one of these
register sets contains a thread context. The processor sits idle until it is interrupted as follows:
° At time ty, the interrupt EXT 2 is received over bus 30. The processor (via
thread context locator 120) reads the pointer Ptr TC EXT 2 into pointer register 122 and then
reads, from the memory location identified by this pointer, THREAD CONTEXT B. The
cache manager 124 determines that this thread context includes the high Priority Code p=1,
that all four of the context register sets are free (i.e. do not contain any context), and routes
THREAD CONTEXT B to context register set L. (In this example the cache manager always
numerically selects the first free register set, but this could be done in any sequence, including
randomly.) Context register set I now becomes active and is continually updated as the
processor runs thread B.

. At time t,, the interrupt INT 1 is received from a timer within the processor.

The processor reads the pointer Ptr TC INT 1 into pointer register 122 and then reads, from the
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memory location identified by this pointer, THREAD CONTEXT F. The cache manager
determines that this thread context includes the low Priority Code p=0, that none of the context
register sets contain any low priority context, that context register sets ILIILIV are free, and
routes THREAD CONTEXT F to register set I (Alternatively, a specific one of the context
register sets could be reserved for low priority thread contexts. This would eliminate the step
of determining that none of the context register sets contain any low priority thread context.)
Context register set I becomes active and the processor begins running thread F.

. At time t3, the interrupt EXT 1 is received over bus 30. The prdcessor reads the
pointer Ptr TC EXT 1 into pointer register 122 and then reads, from the memory location
identified by this pointer, THREAD CONTEXT A. The cache manager 124 determines that
this thread context includes the high Priority Code p=1, that context register sets IIl and IV are
free, and routes THREAD CONTEXT A to context register set III. This register set becomes
active and the processor begins running thread A.

. At time t4, while running thread A, the processor reads the instruction SWITCH

~ TO PO TC from a respective location in the memory 20" identified by the program counter

"register PC currently in context register set III. (In this example, the address for the memory

location of THREAD CONTEXT G will be pre-stored in the P0 register of context register set
I Addmonally the Priority Code p=0, which is contained within thread G, enables the cache
manager to determine that this thread context should be read into context register set I) In
execution of this instruction the processor will, as in the case where only a single context
register set exists:

e read THREAD CONTEXT F into the memory location identified by the
current thread context address contained in register PTR TC in the context register set II;
read into the register PREV PTR TC the address currently contained in the register PTR TC of
context register set III; ' |

o read the address of THREAD CONTEXT G from the PO register of context
register set I into the pointer register 122;

¢ read THREAD CONTEXT G into context register set II. Register set Il now
becomes active and the processor begins running thread G.
] At time ts, the interrupt EXT 3 is received over bus-30. The processor reads the
pointer Ptr TC EX'I‘ 3 into pointer register 122 and then reads, from the memory location
identified by this pointer, THREAD CONTEXT C. The cache manager 124 determines that
this thread context includes the high Priority Code p=1, that ohly context register set IV is
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free, and routes THREAD CONTEXT C to context register set IV. This register set becomes
active and the processor begins running thread C.

From this time on, each of thread contexts A,B,C will remain in respective
context registef sets TIL1IV and each of these threads can be run by simply making the
respective register set active. Running of any of threads D,E,F,G,H will require loading of the
respective thread context into context register set I1

Thus in a system configured to operate with at least as many dedicated high
priority context register sets as there are high priority threads (e.g. in that represented by
Figure 3), once these register sets are loaded with the respective contexts there is never any
need to again transfer contexts between them and the memory 20. Thus the delays associated
with such transfers are avoided. Conversely, if only a single context register set is provided for
the low priority threads, the contexts for these threads must be transferred to the single register
set every time the processor changes to 2 different one of them.

Figure 4 represents an example of thread processing in an alternative system
configuration which operates with two levels of priority. At the first level, as in the Figure 3
example, more register sets per thread are made available for higher priority threads than for
lower priority threads. At the second level of priority, an overflow priority algorithm is
utilized for each thread Priority Code p having a plurality of dedicated context register sets,
but where the number of these register sets is smaller than the number of threads having the

respective priority code p. In this example, again:

. a single bit will be utilized to indicate either a high priority (p = 1) or a low
priority (p = 0) thread;

but now

. threads A,B,C and D are designated high priority (i.e. p=1);

. an additional pointer Ptr TC EXT 4 which is read by the processor in response

to an interrupt EXT 4 and which comprises the memory location of THREAD CONTEXT D is
stored in the memory 20'; and
. threads E,F,G,H are designated low priority (i.e. p=0).

In the example of Figure 4, from the time t0 through the time t5, operation is
identical to that described for Figure 3. After that, however, because there are fewer high
priority context register sets than there are high priority threads the second level, a second
level priority algorithm comes into effect. For example, if the high priority threads are of
unequal priorities relative to each other, the second-level priority algorithm may be based on

such relative priorities. Alternatively, if they are all of equal priority a different algorithm may
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be utilized. The following algorithm is based on the history of past utilization of the processor
by the high priority threads: - -

. At time tg, the interrupt EXT 4 is received over bus 30. The processor reads the
pointer Ptr TC EXT 4 into pointer register 122 and then reads, from the memory location
identified by this pointer, THREAD CONTEXT D. The cache manager 124 determines that
this thread context includes the high Priority Code p=1, but that no context register sets are
free. The cache manager has the capability of tracking the history of requests for use of the
cache memory for each of the threads. In a preferred em'bodiinent, this is done by providing a
separate counter for each thread, initially resetting all of these counters to zero and then, each
time a request is made: ' '

« resetting to zero only the counter associated with the thread for which the

~ request is made; and

e incrementing the counters for the other threadé.

From the history stored in these counters, the cache managef determines that the
least recent request was for thread B (which occurred at tirhé u when the interrupt EXT 2 was
received and THREAD CONTEXT B was read into context reéis,ter set I). Based on this
history, the processor reads THREAD CONTEXT Binto the memory 20' and then reads
THREAD CONTEXT D from memory 20' into context reglster set I. This reg1ster setnow -
becomes active and the processor begins mnnmg thread D. |

Note that the provision of multiple context regxstef sets enables the processor to
sequentially process a number of threads without acéeSSing the memory 20. The time needed

for each thread change is measured in clock cycles, rather than the much longer times needed

to access a memory via even the fastest bus.



10

15

20

25

WO 00/38060 13 PCT/EP99/10170

-

el

LAIMS:

1. A method of operating a single processor (10) to selectively run any of a
plurality of different threads in response to the reading of a respective thread context into a
context register set (14), said method comprising:

a. associating each of a plurality of interrupts with a respective memory (20)
location; '

b. storing in the memory locations a plurality of respective thread context
pointers, each of said pointers identifying a memory location for containing a thread context
fully describing the operational status of one of said threads;

¢. in response to the occurrence of any of the interrupts, reading the pointer
from the respective memory location associated with said interrupt;

d. reading the thread context, from the memory location identified by the thread
context pointer read and into the context register set (14); and

¢. running the thread described by the thread context read.

2. A method as in claim 1 where each of the thread context pointers identifies a

different memory location.

3. A method as in claim 1 where more than one of the thread context pointers

identifies the same memory location.

4. A method as in claim 1 where the processor changes the thread that it is running
in response to either one of the interrupts or one of a plurality of thread change instructions in
a program stream being executed by the processor.

5. A method as in claim 4 where the thread change instructions include a
SWITCH instruction for saving the context of a currently running thread and changing the
thread being run to a different thread.
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6. A method as in claim 5 where the processor stores the address of a context for a

previously run thread and where said thread change instructions include a first SWITCH
instruction for changing the thread being run to said previously run thread.

7. A method as in claim 5 including a second SWITCH instruction for changing
the thread being run to one having its context qontained in a memory location which is
identified by the second SWITCH instruction.

8. A method as in claim 7 where the second SWITCH instruction implicitly

identifies the memory location of said context.

9.. A method as in claim 7 where the second SWITCH instruction explicitly
identifies the memory location of said context.

10. A method as in claim 9 where the second SWITCH instruction contains a
pointer identifying the memory location of said context. |

11. A method as in claim 9 where the second .SWITCH instruction identifies a

memory location containing a pointer identifying the memory location of said context.

12. A method as in claim 4 where the thread change instructions include a
RESTORE instruction for, without saving the context of a currently running thread, running a
different thread.

13. A method as in claim 12 where the processor stores the address of a context for
a previously run thread and where said thread change instructions include a first RESTORE

instruction for changing the thread being run to said previously run thread.

14. A method as in claim 12 including a second RESTORE instruction for changing
the thread being run to one having its context contained in a memory location which is
identified by the second RESTORE instruction.

15. A method as in claim 14 where the second RESTORE instruction implicitly

identifies the memory location of said context.
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16. A method as in claim 14 where the second RESTORE instruction explicitly

identifies the memory location of said context.

17. A method as in claim 16 where the second RESTORE instruction contains a

pointer identifying the memory location of said context.

18. A method as in claim 16 where the second RESTORE instruction identifies a

memory location containing a pointer identifying the memory location of said context.

19. A method as in claim 4 where the thread change instructions include a S/'W
INTERRUPT instruction for emulating an interrupt.

20. A method as in claim 4 where a plurality of context register sets are provided,
said single processor running the thread contained in a predetermined one of said context

register sets.

21. A method as in claim 1 where the context register set includes:

a. a register for storing the memory address of the context for the thread
currently being run the processor;

b. a register which is used for identifying the locations of thread contexts that
are not identified by the thread context pointers.

22. A method as in claim 1 where the context register set includes a register for

storing the memory address of the context for the thread previously run by the processor.

23. A method as in claim 1 where the processor includes a plurality of context

register sets.

24. A method as in claim 23 where the number of context register sets is smaller

than the number of threads to be run by the processor.

25. A method as in claim 24 where an algorithm based on priorities is employed for

selecting which of the context register sets the thread contexts are read into.
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26. A method as in claim 24 where the threads include higher priority threads and
lower priority threads and a proportionately larger number of the context register sets is made
available for the higher priority threads than for the lower priority threads.

27. A method as in claim 26 where the priority of at least one of the threads is

changeable during operation of the processor.

28. A method as in claim 26 where a set selection algorithm is employed when, at-
the time of reading a thread context for one of the higher or lower priority threads, all of the
context register sets made available for the respective priority already contain contexts for
threads other than the one being read. |

29. A method as in claim 28 where said algorithm effects reading said thread
context into the available context register set containing the least recently stored thread
context. '

30. A method of operating a network of processors such that each of said

processors (10) selectively runs any of a plurality of different threads in response to the
reading of a respective thread context into a context register set (14), said method comprising:

a. associating each of a plurality of interrupts with a respective memory (20)
location; '

b. storing in the memory locations a plurality of respective thread context
pointers, each of said pointers identifying a memory location for containing a thread context
fully descnbmg the operational status of one of said threads;

c. in response to the occurrence of any of the interrupts, reading the pointer
from the respective memory location associated with said interrupt;

d. reading the thread context, from the memory location identified by the thread
context pointer read and into the context register set (14); and

e. running the thread described by the thread context read. -

3'1. A method as in claim 30 where at least one of the threads is a common thread

that may be run by more than one of the processors.



