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APPARATUS AND METHOD FOR PARALLEL
PROCESSING AND SELF-TIMED SERIAL
MARKING OF VARIABLE LENGTH
INSTRUCTIONS

FIELD OF THE INVENTION

The present invention is directed to a process and system
for parallelization of necessarily serial operations to increase
performance of particular processing systems. More
particularly, the present invention provides a process and
system for increasing the performance of instruction decod-
ing in a computer system by using an instruction decoding
circuit having parallel length decoding and self-timed
(asynchronous) length decoding, marking, and steering.

BACKGROUND INFORMATION

Computer systems are capable of executing various arith-
metic and logic operations on data. The particular arithmetic
or logic operation to be executed is indicated by an “instruc-
tion” that is typically retrieved from a memory of the
computer system, decoded in an instruction decode block,
and then transmitted to an execution block of the computer
for execution. Computer programs comprise a set of instruc-
tions that, when taken from memory, decoded and transmit-
ted to the execution block in a certain sequence, cause the
computer system to execute a series of operations that
achieve the objective of the program.

There are computer systems designed to implement a
variable length instruction architecture, wherein instructions
can vary in length from, for example, one byte to eleven
bytes or more. However, memory systems, and in particular
the cache memory used to store instructions prior to
execution, typically store data in fixed sized blocks such as,
for example, sixteen byte blocks. In such a system, instruc-
tion data is fetched in sixteen byte lines aligned on sixteen
byte boundaries. Accordingly, in a variable length instruc-
tion architecture, each fixed sized line fetched from memory
contains instructions of various lengths that may start any-
where within the line and may even cross a line boundary
into a succeeding line of memory.

An instruction marking circuit is typically implemented in
the instruction decode block of a computer having a variable
length instruction architecture in order to mark the begin-
ning of each instruction in a line fetched from a fixed sized
line memory system. The instruction marking circuit
includes length decoders, which process a selected byte or
number of bytes of the fetched line to determine a length for
the instruction containing the bytes. Once instruction lengths
are determined and first instruction bytes are marked, the
instructions of the fetched line can be transmitted to an
instruction decoding circuit within the decode block.

Instruction marking is, by nature, a serial operation—the
beginning of a particular instruction can be determined with
certainty only after the beginning and length of a previous
instruction have been determined. In present instruction
marking circuits, the serial nature of instruction marking is
accommodated by performing the marking operation
according to an externally-timed scheme that controls and
synchronizes circuit operations by a system clock. Marking
information is propagated through the marking circuit in
synchronization with the system clock. The length decoders
that are typically used in marking circuits, however, com-
prise combinational logic circuits that perform length
decodes in varying amounts of time depending upon the
particular instruction being processed. To assure that all
possible instructions found in an instruction line fetched

10

15

20

25

30

35

40

45

50

55

60

65

2

from memory will be marked, the timing of the clock signals
must be sufficient to process a “worst case” decode time for
an instruction. That is, the timing must be sufficient to permit
signals to traverse the longest path through the combina-
tional logic of the length decoder, thus delaying the propa-
gation of marking signals through the marking circuit when
the instruction is not a “worst case” instruction.

Only a limited subset of instructions are of the “worst
case” instruction type. Thus the time required for processing
this relatively small subset of instructions is imposed on all
marking operations such that the overall time needed for
instruction marking is longer than actually required in most
instances. As a result, the known scheme for marking
instructions in a variable length instruction architecture
incurs wasteful delay in the instruction execution process,
decreasing system performance.

SUMMARY OF THE INVENTION

A circuit is provided as an embodiment of the present
invention. The circuit comprises a number of parallel pro-
cessing units each having at least one input and at least one
output, as well as a number of serial processing units each
coupled to an associated parallel processing unit via the at
least one output and each coupled to at least one other serial
processing unit. Each parallel processing unit processes, in
parallel, input data received via the at least one input, and
then generates output data based on the input data at the least
one output. The output data of each parallel processing unit
is determined to be valid if the serial processing unit
associated with the parallel processing unit receives a mark-
ing signal from another serial processing unit.

The circuit according to the present invention can be
specifically implemented as an instruction marking circuit.
The instruction marking circuit according to the present
invention comprises a plurality of length decoders, each of
the length decoders having a length decoder input to receive
a respective input byte and a length decoder output to
transmit respective length data based on the input byte. The
instruction marking circuit also comprises a plurality of
marking units, each of the plurality of marking units coupled
to a respective one of the plurality of length decoders to
receive the respective length data. Each of the plurality of
marking units is further coupled to at least one other marking
unit in order to directly provide a marking signal to the at
least one other marking unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an instruction fetch, decode
and execute pipeline of a computer system.

FIG. 2 is a block diagram of an embodiment of an
instruction marking circuit according to the present inven-
tion.

FIG. 3 is a block diagram of a “wrap around” feature of
the instruction marking circuit according to the present
invention.

FIG. 4 is an event flow diagram of an embodiment of an
instruction length decoding and marking process according
to the present invention.

FIG. 5 is a block diagram of signal interconnections to an
embodiment of a length decoder of the circuit of FIG. 2,
according to the present invention.

FIG. 6 is a block diagram of an embodiment of a marking
unit according to the present invention.

FIG. 7 is a block diagram of an embodiment of an
instruction steering circuit in combination with an instruc-
tion marking circuit, according to the present invention.
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