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Instruction Sets for Microprocessors

This invention relates to a microprocessor and to instruction sets which may be
used by such a processor, and particularly to multithreaded processors and their

instruction sets.
Background to the Invention

In our British patent no. GB-A-2311882 there is described a multithreaded
processor. In this, a single processing unit has a plurality bf inputs and outputs,
corresponding to a plurality of processing threads which are to execute on the
processor. The processor arbitrates between the threads to determine which one
should be executed on each block cycle. This is typically done on a prioritisation
basis. Further developments of this have concerned monitoring factors such as
the time since execution commenced for a thread, and the time to a specific
deadline by when the thread must execute. This idea can be embodied in
processors directed to general processing but also in application specific

processors such as Digital Signal Processors (DSP).

A number of different threads can be arranged to execute on one of these
processors, but DSPs typically use between two and four threads. The number
of threads is defined at the design and manufacture stage of the chip and the
chip is configured with an appropriate number of inputs and outputs.

A typical processor uses a 32 bit instruction set which may be extended via

template instructions which are used to retrieve additional instructions.

Some processors (not multithreaded) have been produced with smaller than
standard instruction sets. This leads to a reduction in the code size of a program
used by such a processor. The processor will be configured to switch between
the large and reduced instruction sets using special instructions. Each time a
new instruction set is added additional switching instructions have to be added to

enable it to be accessed.

Many of the applications to which multithreaded processors could be put include
embedded and low power requirements. Such requirements constrain the

amount of memory available in the systems for data such as programs. As a
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result, microprocessor manufacturers have aimed to improve their devices by
compressing program code. This is most commonly achieved by supporting
instruction subsets which can be implemented when a smaller instruction set is
required. For example, a processor with a 32 bit instruction set may also be able
to support a special 16 bit instruction set to allow programs to be made smaller.

Again, the switch between such instruction sets is handled by use of a special
instruction to switch between the sets. Again this requires a special instruction
and an additional clock cycle to perform the switching.

Summary of the [nvention

Preferred embodiments of the present invention provide a processor which is
able to support more than one instruction set but do not require additional
instructions to switch between instructions sets. Accordingly, a specific
combination of instruction address bits are used to identify an instruction as
belonging to a specific set. As a result, in order to switch between instruction
sets the system jumps between different areas of instruction memory to retrieve

instructions from the appropriate set.

Preferably at least two instruction sets are provided.

The invention may be embodied in a multithreaded processor.
A Brief Description of the Drawings

A preferred embodiment of the invention is now described in detail by way of
example in which:

Figure 1 is a schematic block diagram of an instruction fetch and decode
unit for use in an embodiment of the invention:

Figure 2 shows an alternative representation of an instruction fetch and
decode unit for use in an embodiment of the invention;

Figure 3 shows the typical processor pipeline for an instruction; and

Figure 4 shows a bit map of the type which is used in an instruction fetch
address for use in the arrangements of figure 1 and figure 2.
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The processor pipeline for an instruction thread shown in figure 3 comprises five
portions. First, an instruction fetch portion 1. This is typically a 32 bit fetch
instruction which includes the address of an instruction to be fetched from
instruction memory. This is followed by a decode step 2 in which the instruction
retrieved from memory is decoded into machine code for execution on the
microprocessor. An operand fetch 3 comprises a further fetch. This retrieves
any data which is to be operated upon by the fetched and decoded instruction.

At 4, the Arithmetic Logic Unit (ALU) executes the fetched and decoded
instruction on the operand and at 5 the result of the executed instruction is written

to a destination in memory via the respective processor output.

In an embodiment of the invention, specific bits of the fetch instruction are used
to indicate that a different instruction set is to be used. This instruction set will
preferably be stored in the same instruction memory as a first instruction set.
Two or more instruction sets can be stored and an appropriate number of bits
used to select between them. [n this example, bits 20 and 23 are used to select
between two instruction sets. When both bits 20 and 23 are set to 1, the fetch
instruction will retrieve the addressed instruction from the second set of

instructions stored in instruction memory rather than the first instruction.

As both instruction sets are stored in instruction memory, the address portion of
the fetch instruction defines where in the instruction memory the instructions
come from, but the bits 20 and 23 are used when both set to 1 to select between
the decoding which is applied to the fetched instruction. Thus when both bits are
set to 1, an instruction decoder for the second instruction set is used. Any other
combination will result in an instruction decoder for the first set of instructions.
Obviously with two bits, a total of four states could be supported and therefore a
total of four instruction sets could be selected between using these two bits.
Additional bits could be included if further instruction sets are to be used. If only
two instruction sets are implemented, then only a single set is required to select
between them.

The way in which this fetch address shown in figure 2 affects the operation of the
system is now explained with reference to figure 1. Figure 1 comprises an

instruction memory 10. Instructions are retrieved from this in response to an
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instruction fetch address 12 (as shown in figure 4). The instruction address is
supplied to the instruction memory 10 which reads the appropriate instruction out

and sends it to a fetched instruction unit 14.

At the same time, an AND gate 16 receives bits 20 and 23 of the instruction. The
output of this is supplied to an instruction set type portion of the fetch instruction
unit 14. Where more than two bits are used to select between instruction sets,

more complex gating will be required, or possibly a multiplexer.

If the output of the AND gate is a 1 then this indicates that bits 20 and 23 are both
set to 1 and the instruction set type therefore corresponds to the second of two

instruction sets.

The fetched instruction unit 14 sends the fetched instruction to two instruction
decoders A and B, 20 and 18 respectively. These simultaneously decode the
fetched instruction and give alternative decoded instructions at their outputs.

When the combined address bits indicate that the instruction set type is the first
instruction set A, the output of instruction decoder A 20 is required. When the
instruction set type indicates that it is the second set of instructions that is
required, the output of instruction decoder B 18 is required. Selection between
the outputs of instruction decoders A and B, 20 18 is performed in a multiplexer
22. The selection input of this is controlled by an output of the instruction set type
portion of the fetched instruction unit 14. As previously explained, instruction set
type is determined by the combined address bits from AND gate 16.

The selected decoded instruction is then provided as an output from the

multiplexer to the ALU for execution in a conventional manner.

An alternative to the arrangement of figure 1 would be to route only the fetched
instruction data to the instruction decoder appropriate to the instruction set type.
This would involve positioning a multiplexer between the fetched instruction data

unit 14 and the two instruction decoders 20 and 18.

In the implementation shown, the first instruction set would typically contain 32 bit
wide instructions from the first set or 16 bit instructions from the second set. After
decoding, all of the instructions are in 32 bit wide form, i.e. the 16 bit instructions
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are used to form suitable instructions from the main processor instruction set, i.e.
a subset of these instructions.

This is explained with reference to figure 4. As can be seen, a specific
transformation is performed on the program counter address (PC) to obtain the
instruction fetch address. The idea behind this transformation is that the PC
addresses are always 32 bit word aligned (bottom bits both zero). If it is decided
to switch to a second 16 bit wide instruction it is necessary to use a smaller 2
byte aligned word. This transformation is effectively a logical shift right by 1 of bit
22 a new bit zero being inserted at bit 22. This has the effect of incrementing the
program counter by 16 bits at a time instead of 32 bits and thereby enabling 16
bit words to be retrieved from memory.

The arrangement of figure 2 shows an alternative representation of the instruction
retrieval and decoding when using multiple instruction sets. The external
instruction memory 10 is not shown here. An instruction fetch unit 12 again is
used to send instruction fetch requests to the instruction memory 10. The thus
retrieved instructions are supplied to a fetched instruction unit 14. The bits 20
and 22 are again combined in an AND gate 16 to determine the instruction set

type and to control a multiplexer 22.

A fetched instruction can pass to multiplexer 22 via a short instruction pre-decode

unit 24, or directly.

The output of the short instruction set pre-decode unit 24 which is used to
operate on a reduced 16 bit instruction set is a 32 bit wide long instruction. Thus
both inputs to multiplexer 22 are 32 bits wide. The multiplexer then selects
between these and supplies the one determined by the instruction set type to a
long instruction pre-decode unit 26 from where it is loaded to a long instruction
register 28 and read out to a long instruction post-decode unit 30 from where it
can be provided to the ALU for execution. Such an arrangement is used in a
system where, for example, a new 16 bit instruction set has been added which
has much in common with the subset of the regular 32 bit instruction set. For
example, it could be an abridged form of a portion of the instruction set. What is
implemented here is the use of one or two 16 bit instruction words to recreate
instructions in the regular 32 bit form. For example, the most common



WO 2007/091092 PCT/GB2007/000473

10

15

20

25

30

instructions are carefully chosen to fit into a set of instruction patterns that use
just one 16 bit instruction word. However, to allow all the required regular 32 bit
instructions to be encoded using smaller 16 bit words additional types of 16 bit
instruction which can actually use two 16 bit words to form a single instruction are
included. These two 16 bit word instructions can in this example have one of two
forms. In the first set a second word is used to extend the instructions in a single
16 bit word instruction set. The second form is a new instruction pattern made
from two 16 bit words. What is contemplated in the present example is that the
16 bit instruction set is tailored to produce all the bits of the 32 bit instruction set
so that a much larger range of instructions can be supported. This is done by
allowing more than one 16 bit instruction to be grouped together to form the 32 bit
instruction. This is all done based upon the instruction data patterns and is in

principle not related to the selection of instruction sets.

There is of course no requirement for a 16 bit instruction set to be a subset of the
32 bit instruction set. Completely unrelated instruction sets can be supported by

the invention.

Whilst using such an arrangement ensures that all the instructions actually
executed are the 32 bit wide instructions which feed into the standard instruction
decoder of the system. However, this arrangement does add to latency since
more clock cycles are taken to load instruction, or limits the cycle time.

Using the embodiments described above, it is possible to support a plurality of
instruction sets used by a single program by using appropriate ones of the
address bits to select between different instruction sets, and therefore to transfer

control between different blocks of code.

It is possible for instruction sets to be reduced sets of an overall instruction set, or
for instruction sets to be alternative instruction sets which only partially overlap,

or in some circumstances may not overlap at all.

Embodiments of the invention can be implemented on a multithreaded
microprocessor by appropriate modifications to instruction input pipelines of the
types shown in figures 1 and 2.
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CLAIMS

1. A method for selecting between a plurality of instruction sets available to a
microprocessor comprising the steps of supplying an instruction fetch address,
determining the status of at least one predetermined bit of the instruction fetch
address, selecting between the instruction sets in dependence on the result of
the determination fetching instructions from the selected instruction set, decoding
fetched instructions with a decoding scheme appropriate to the instruction set,
and supplying the decoded instructions for execution.

2. A method according to claim 1 in which the selecting step comprises
supplying the fetched instruction to at least two decoders each having their
outputs connected to a multiplexer, and selecting the muitiplexer output with the

at least one predetermined bit of the instruction fetch address.

3. A method according to claim 1 or 2 in which a first one of the instruction

sets has a smaller number of bits than a second one of the instruction sets.

4, A method according to claim 3 in which the first instruction set is a subset

of the second instruction set.

5. Apparatus for selecting between a plurality of instruction sets available to
a microprocessor comprising

means for supplying an instruction fetch address;

means for determining the status of at least one predetermined bit of the
instruction fetch address;

means for selecting between the instruction sets in dependence on the
result of the determination;

means for fetching instructions from the selected instruction set;

means for decoding the fetched instructions with a decoding scheme
appropriate to the instruction set; and

means for supplying decoded instructions for execution.

6. Apparatus according to claim 5 in which the means for selecting
comprises means for supplying the fetched instruction to at least two decoders
each having their outputs connected to a multiplexer, the multiplexer having a
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select input receiving the at least one predetermined bit of the instruction fetch
address and operable to select an output in dependence on the at least one
predetermined bit of the instruction fetch address.

7. Apparatus according to claim 5 or 6 in which a first one of the instruction

sets has a smaller number of bits than the second of the instruction sets.

8. Apparatus according to claim 3 in which the first instruction set is a subset

of the second instruction set.

9. A method for selecting between a plurality of instruction sets available to a
microprocessor comprising the steps of supplying an instruction fetch address,
determining the status of at least one predetermined bit of the instruction fetch
address, selecting between the instruction sets in dependence on the result of
the determination fetching instructions from the selected instruction set, decoding
fetched instructions with a decoding scheme appropriate to the instruction step,
and supplying the decoded instructions for execution, wherein the at least one
predetermined bit of the instruction fetch address is positioned part-way through

the instruction fetch address.

10. A method according to claim 9 in which the at least one bit of the
instruction fetch address is spaced from the least most significant bit and the
most significant bit of the instruction fetch address by a plurality of bits.

11. A method according to claim 10 in which the instruction fetch address
comprises a 32 bit instruction fetch address and there are two predetermined bits

positioned at bits 20 and 23 of the instruction fetch address.

12.  Apparatus for selecting between a plurality of instruction sets available to
a microprocessor comprising means for supplying an instruction fetch address,
means for determining the status of at least one predetermined bit of the
instruction fetch address, means for selecting between the instruction sets in
dependence on the result of the determination, means for fetching instructions
from the selected instruction set, means for decoding the fetched instructions with
a decoding scheme appropriate to the instruction set, and means for supplying

decoded instructions for execution, wherein the at least one predetermined bit of
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the instruction fetch address is spaced positional partway through the instruction
fetch address from the least significant bit and most significant bit of the
instruction fetch address by a plurality of bits.

13. Apparatus according to claim 12 in which the at least one bit of the
instruction fetch address is spaced from the at least significant bit and the most
significant bits of the instruction fetch address by a plurality of bits.

14.  Apparatus according to claim 13 in which the instruction fetch address bit
is a 32 bit word and there are two predetermined bits positioned at bits 20 and
23 of the instruction fetch address.
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