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UETHOD AND APPARATUS FOR FAST DECODING OF OOH 

AND OFH MAPPED INSTRUCTIONS 

RELATED APPLICATIONS 

This patent application is related to the following patent 
application which is assigned to the assignee of the present invention 
and filed concurrently herewith: patent application 081 ___ _ 

entitled Method and Apparatus for Efficient Propagation of Attribute Bits 

in an Instruction Deooding Pipeline. 

BACKGROUND OF THE INYENTION 

1. Field of the Invention 

The present invention relates generally to decoding of a stream of 

variable length instructions of a microprocessor, and more specifically to 

fast decoding of variable length Instructions of which some are mapped 
to a OOh (or primary) page of opcodes and others to a OFH (or 
secondary) page of opcodes. 

2. Related Art 

Microprocessors execute a defined set of instructions. Individual 

instructions are represented by a unique binary encoding called an 

opcode. The microprocessor fetches, decodes, and executes the 

instructions. Certain instructions may be more important to processor 

performance than others. In this case, a particular microprocessor 

microarchitecture design may be optimized to decode and execute the 

more performance-critical instructions at the expense of slower 

decoding or execution of other instructions. 
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For example, Instructions of today's commercially available Intel 

architecture processors (such as the Pentium ® famlly of processors 

available from Intel Corporation, Santa Clara CA) are represented by 

one or two-byte opcodes. The opcodes may be followed by one or more 

operands that provide additional information needed by the instruction 

to carry out its task. Each instruction opcode is mapped onto one of two 

opcode pages. OOH or OFH. OOH is the primary opcode page while OFH 

is the secondary opcode page. OOH page instruction opcodes are one 

or two byte opcodes where the most significant byte is not OFH. OFH 

page instruction opcodes are two byte opcodes having a most 

significant byte of OFH. 

As a general rule in today's commercially available Intel 

architecture processors, the more performance-critical instructions are 

mapped to the OOH opcode page while less performance-critical 

Instructions are mapped to the OFH opcode page. Because of this 

mapping, the instruction decoder of today's commercially available 

Pentium CB> processor is optimized to decode and issue two OOH page 

instructions per clock cycle, but incurs a penalty of one or more clock 

cycles when decoding most OFH-mapped instructions. This 

microarchitecture design tradeoff, primarily made in the length decoding 

arrangement of the instruction decode logic, impacts overall processor 

performance by only about 1 % for typical code and allows smaller PLA 

length decoders. 

Figure 1 illustrates the components of instructions used in Intel 

architecture processors. As shown in Figure 1, an instruction may 

consist of several variable length fields. An instruction may include from 

zero to fifteen bytes of prefix information, one or two bytes of opcode 

information, zero or one byte of Mod RIM information (indicates which 

registers are to be used), zero or one byte of SIB (scaled index base) 

information, zero, one, two, or four bytes of displacement information, 

and zero, one, two, or four bytes of immediate information. Instructions 

of Intel architecture processors can vary from one to fifteen bytes in 
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length. Further details of the instruction format of Intel architecture 
processors are found In chapter 25 of the publication entitled Pentium 
Processor User's Manual,· Volume 3: Architecture and Programming 
Manual. Intel Corporation 1995, which Is incorporated herein by 
reference. The variable length instructions of Intel architecture 
processors are furnished to the processor as a sequential stream of 
bytes In which no instruction is differentiated from any other. 

Length decoding is an important part of decoding variable length 
instructions. For example, i486 TM processors and earlier Intel 
architecture processors fetch an instruction based on an instruction 
pointer, decode the instruction for execution, and determine the length 
of the instruction. The instruction length is then added to the instruction 
pointer to point to the next instruction to be fetched and decoded. Thus, 
i486 processors and earlier Intel architecture processors fetch and 
decode instructions serially incrementing the instruction pointer by the 
last decoded instruction length to point to the next instruction. 

Today's commercially available Pentium ® processors have a 
dual-pipeline supe~alar architecture. To optimally keep the dual 
execution pipelines busy the instruction decoder needs to decode and 
issue two instructions simultaneously per clock cycle. However, to 
select the correct stanlng point for a second (or next) instruction, the 
instruction decoder must know where the first instruction ends. In 
addition, In order to properly Increment the instruction pointer, the 
instruction decoder must also know where the second instruction ends. 

Figure 2 illustrates a block diagram of a prior arrangement for 
indicating the length of instructions in the prefetch pipeline stage without 
decoding the length of the instructions until a later decode pipeline 
stage. This arrangement is described in detail in U.S. patent 5,450,605, 
entitled End Bit Markers For Instruction Decode. E. Grochowski et al, 
and assigned to the assignee of the present invention which is 
incorporated herein by reference. In the prior arrangement, instructions 
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are decoded and executed in a pipeline that consists of prefetch, 

decode, and execute stages. The prefetch stage pretetches sequential 

instruction bytes from storage and aligns two sequential instructions for 

decoding based on the instruction pointer and an end bit indication of 

the end of the first Instruction. In the next clock cycle the decode stage 
decodes the type and actual length (or end) of the two instructions. 

End bit cache 14 stores an end bit corresponding to each byte of 
code stored In instruction cache 12. An end bit value of '1' indicates the 

end of an instruction. Since no determination of instruction length is 

made in the prefetch stage, new instruction bytes stored In instruction 

cache 12 are speculatively assigned a length of 011e byte. In other 
words, the corresponding end bits of all new instruction bytes loaded 

into instruction cache 12 are set to '1'. 

In the prefetch stage rotators 15 and 20 select two sequential 

Instructions for decoding based on the instruction pointer and the end bit 

of the first instruction. If later, in the decode stage, the U pipe instruction 

decoder 24 determines that the end bit indication for the first instruction 

was incorrect, the second instruction in the V pipe instruction decoder 

25 is canceled because the staning pointer of the second instruction 

(based on the incorrect llrst instruction end bit indication) was incorrect. 

Incorrect end bits for instructions in the u pipe are later corrected by end 

bit update circuit 29 based on the instruction length decoding done in 

the decode stage of the pipeline. Thus. figure 2 shows an arrangement 
for indicating the length of instructions without the need to decode the 

Instruction length before decoding the type of Instruction. However, the 

arrangement incurs clock penalties in decoding instructions that are 

longer than one byte. 

Figure 3 Is a block diagram of U pipe instruction decoder 24. U 

pipe instruction decoder 24 includes an instruction decoder that 

receives an instruction and determines the appropriate macroinstruction 

vector to be Issued to the execution units. A OOH page length decoder is 
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optimized to decode lengths of instructions mapped to the OOH opcode 
page and a selected few OFH-mapped instructions in one clock cycle. 
OFH length decoding logic decodes the length of OFH-mapped 
Instructions in two or more clock cycles, thereby introducing delays into 
the decoding pipeline for most OFH-mapped instructions. For the 
purposes of this discussion, V pipe Instruction decoder 25 Is essentially 
the same as U pipe instruction decoder 24 (Figure 2). 

Thus, the prior Instruction decoder of Figure 2 incurs clock 
penalties in the prefetch stage when end bit indications are incorrect. 
This is always the case for new instructions that are more than one byte 
long, such as OFH-mapped instructions. Additional clock penalties are 
Incurred in the decode stage for most OFH-mapped instructions because 
the OFH length decoders of Instruction decoders 24 and 25 take two or 
more clock cycles to decode OF instructions. 

The above design tradeoff of optimizing decoding of only OOH­
mapped and a selected few OFH-mapped instructions can present a 
problem when new performance-critical instructions are later added to 
the OFH opcode page. For example, adding SIMD (single instruction 
multiple data) instructions (i.e., packed data instructions) to Pentium 
processors could greatly enhance their performance in handling 
multimedia data, such as sound and video information. The execution 
latency of these instructions would be critical to the processor's 
performance in manipulating multimedia data types. For various 
reasons it may be desirable to map the new SIMD instructions to the 
·OFH opcode page. In this case, the clock penalties incurred by the prior 
instruction decode unit when decoding OFH-mapped instructions would 
be unacceptable. 

Therefore, a method and apparatus for fast decoding of OOH and 
OFH mapped instructions is needed. 
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SUMMARY OF THE INVENTION 

PCTIUS'6/20828 

The present invention is a method and apparatus for fast 

decoding of OOH and OFH mapped instructions. 

In one embodiment the present invention includes an apparatus 
for decoding the length of variable length instructions embedded in an 
instruction stream without differentiation. Each instruction includes one 
or more blocks. Some types of blocks contain no instruction length 
information. A detector receives a first block and generates a detector 
signal that indicates whether or not the first block contains instruction 
length Information. A shifter is coupled to the detector. The shifter 
selects a first set of instruction blocks that includes the first block if the 
first block is a type that contains length information. The shifter selects a 
second set f blocks that does not Include the first block if the first block is 
a type that does not contain length information. A length decoder 
decodes the set of blocks selected by the shifter to determine an 
instruction length. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not 

limitation in the figures of the accompanying drawings, in which like 
references indicate similar elements. 

Figure 1 illustrates the components of instructions used in Intel 

architecture processors. 

Fagure 2 illustrates a block diagram of a prior arrangement for 

Indicating the length of instructions in the prefetch pipeline stage without 

decoding the length of the instructions until a later decode pipeline 

stage. 

Figure 3 is a block diagram of U pipe instruction decoder 24 and 

V pipe instruction decoder 25 of Figure 2. 

Figure 4 is a block diagram of one embodiment of the present 

invention having parallel sets 35 of OFH detectors 36, OFH shifters 38, 

and length decoders 40. 

Figure 5 is a detailed block diagram of one embodiment of 
prefetch buffer 32 and block 35 (the parallel OFH detectors, OFH shifters, 

and length decoders) of Figure 4. 

Figure 6 ls a block diagram showing, in one embodiment, a one­

to-one corresponde~ between instruction bytes stored in prefetch 

buffer 32, length values stored in length buffer 44, OF bits stored In OFH 

buffer 46, and attribute bits stored in attribute buffer 62. 

Figure 7 Is a block diagram of an embodiment of the present 

invention having parallel OOHIOFH PLAs 37 that incorporate OFH 

detection, OFH shifting, and length decoding in the PLAs. 
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Figure 8 is a detailed block diagram of one embodiment of the 
parallel OOH/OFH PLAs 37 of Figure 7. 

Figure 9 illustrates the instruction information stored in instruction 
FIFO 66 in one embodiment. 

Rgure 1 o illustrates an example operation of one embodiment of 
the Instruction decoder of the present invention. 

Figure 11 is a flowchart of one embodiment of the present 
invention method for fast decoding of OOH and OFH-mapped 
Instructions. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTIOtf 

A method and apparatus for fast decoding of OOH and OFH­
mapped instructions is described. In the followJng description, 
numerous specific details such as Instruction lengths In byte Increments, 

numbers and a~gement of parallel decoders, bit formats, Instruction 
formats, positions of opcode page pointer (OFH) bytes, length decoding 
schemes, and Instruction rotation or selection schemes are set forth in 
order to provide a thorough understanding of the present invention. It 
wlll be apparent, however, to one skilled in the art that the present 
invention may be practiced without these specific details. In other 
instances, well-known methods and circuits are shown In block diagram 

form in order not to obscure the present invention. 

Intel architecture Instructions are variable length and appear in 
an instruction stream without differentiation. Each instruction is made up 

of one or more instruction bytes. However, the present invention may be 
applied to decoding Instructions having other size instruction blocks. 
For purposes of this description, instructions are described as appearing 

in the instruction stream from most significant byte to least significant 
byte. However, the invention is not limited to this instruction ordering. 

Length Decodjng 

Figure 4 Is a block diagram of one embodiment of the present 
invention instruction decoder having parallel sets 35 of OFH detectors 

36, OFH shifters 38, and length decoders 40. The instruction pipeline 
has three stages that are important to an understanding of the present 
invention: prefetch, fetch, and decode. During the prefetch stage 
instruction bytes are prefet~ed from instruction cache 30 and stored in 
prefetch buffer 32. Attribute bits for the prefetched instruction bytes are 

generated and stored in corresponding locations in attribute buffer 62. 
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During the fetch stage, lengths of instructions embedded in the 

prefetched instruction bytes are determined and stored in corresponding 

locations in length buffer 44. OFH detectors 36 generate bits indicating 

whether the prefetched instruction bytes are OFH bytes and store the OF 

bits in corresponding locations In OFH buffer 46. Therefore, each 

Instruction byte stored In prefetch buffer 32 has a corresponding length 

indication In length buffer 44, a corresponding OF bit in OFH buffer 46, 

and a corresponding set of attribute bits in attribute buffer 62. Finally. 

the code rotator 48 parses the instruction bytes in the prefetch buffer to 

provide up to two instructions per clock cycle to instruction FIFO 66. Jn a 

corresponding manner, length rotator 50. OFH rotator 52. and attribute 

rotator 64 provide corresponding length values. OF bits, and attribute 

bits for up to two instructions per clock cycle to the instruction FIFO 66. 

Figure 9 shows the lnformatio~ stored for each instruction in the 

instruction FIFO 66 in one embodiment. Prefix information is decoded 

separately. An understanding of the decoding and handling of prefix 

information is not necessary to an understanding of the present 

invention. In the decode stage, instruction FIFO 66 provides two 

instructions and associated length, OF, and attribute information to 

instruction decoder 68. Instruction decoder 68 includes a U pipe 

instruction decoder and a V pipe instruction decoder that decode the 

instructions and issue the appropriate macroinstruciton vectors to the 

execution units of the processor. Note that no length decoding occurs in 

the decode stage of the pipeline in contrast to the prior instruction 

decoder arrangement of Figure 2. 

Instruction cache 30 stores copies of instructions that are fetched 

from external memory for execution by the microprocessor. In one 

embodiment instruction cache 30 is 16K byte SAAM with a 32-byte line 

length. Instruction cache 30 provides sixteen instruction bytes per clock 

cycle to prefetch buffer 32 and block 35. Of course, other sizes or types 

of instruction cache can be used and other numbers of instruction bytes 

can be provided. 
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Prefetch buffer 32 stores instruction bytes that have been 

prefetched from Instruction cache 30, or other storage locations. Figures 

5 shows one embodiment of prefetch buffer 32. In this embodiment, 

prefetch buffer 32 has four line A, B, C, and D. each having sixteen bytes 

of storage. Of course, other sizes or arrangements of prefetch buffers 

can be used. For purposes of describing the present invention, the 

order of storing instruction bytes from an instruction stream in prefetch 

buffer 32 is line A. positions AO to A15, then line B, positions BO to 815, 

then line C, positions CO to C15, then line D, positions DO to 015, and 

then returning to line A again. Returning to Figure 4, parallel OFH 

detectors 36, parallel OFH shifters 38, and parallel length decoders 40 

provide fast length decoding of the instruction bytes received from 
instruction cache 30. In one embodiment, the length decoders 40, OFH 

detectors 36, and OFH shifters 38 are arranged so that each length 

decoder 40 has a corresponding detector 36, and shifter 38. Note that 

in the present invention instruction length decoding occurs before the 

instructions are decoded in the decode stage of the pipeline for later 

execution in the execution stage of the pipeline. 

In one embodiment OFH detectors 36 determine whether a set of 

instruction bytes are OFH bytes. Recall that in the Intel architecture OFH­

mapped instructions have OFH as their most significant opcode byte. 

The OFH bytes is a pointer to the OFH page. OFH detectors 36 generate 
a set of OF signals (i.e., detector signals) that indicate whether the 

corresponding instruction bytes are OFH (i.e., point to a secondary 

opcode page). In one embodiment, a OF signal is set to '1' if the 

corresponding instruction byte is OFH and to 'O' for any other value. In 

other embodiments, the OF signal can have other values. In one 

embodiment OFH detectors 36 are comparators implemented with 

combinational logic. In other embodiments. other types of detectors 

could be used. In association with other instruction sets. other 

embodiments of the dete.ctors would detect other types of pointers to 

various opcode pages. The pointers may also occur in other positions 
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within an instruction. In yet another embodiment. other types of 
instruction blocks that contain no length information are detected. 

The length of Intel architecture instructions can be determined by 

decoding the most significant nineteen bits of OOH page instructions and 
the first nineteen bits after the OFH opcode byte of OFH instructions. In 
other words, lengths of Intel architecture instructions can be determined 
by decoding nineteen sequential bits starting with the most significant 
byte of OOH page instructions or starting with the byte following the OFH 
opcode byte for OFH page instructions. Therefore, for Intel architecture 
instructions four sequential instruction bytes can be decoded to 
determine the length of any instruction if the most significant opcode 
byte is the most significant byte of the four bytes. For example, assume 
a four byte instruction window [3:0) where position [OJ is the most 
significant position. If byte [O) is not OFH, then bytes [2:0) are sufficient to 
decode the length of a OOH mapped instruction whose most significant 
opcode byte is in position [O]. If byte [OJ is OFH. then byte [3:1] are 
sufficient to decode the length of OFH mapped instruction whose most 
significant opcode byte is in position (OJ. 

In accordance with the above length decoding scheme, in one 
embodiment of the present invention each OFH shifter 38 receives four 
sequential instruction bytes from instruction cache 30. In one 
embodiment, instruction cache 30 provides sixteen instruction bytes and 
there are sixteen corresponding OFH shifters 38, each OFH shifter 38 
arranged to receive a corresponding instruction byte alone with the next 
three Instruction bytes (for example, see Figure 5). The three sequential 
bytes including the most significant byte (I.e., bytes [2:0) of the four byte 
window) are selected If the corresponding OFH detector 38 does not 
detect a OFH byte In the most significant byte. The three sequential 
bytes not Including the most significant byte (i.e., bytes [3:1] of the four 
byte window} are selected if the corresponding OFH detector 38 detects 

a OFH byte in the most significant byte. This ordering of OFH detection 

and instruction byte selection Is funher illustrated in Figure 5. OFH 
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shifters 38 can be Implemented using a mux, a shifter, or other circuitry 
for performing a shifting function. 

In association with other instruction sets or other length decoding 
schemes the detectors 36 and shifter 38 may be arranged in other ways. 
In any case, the operation of the detectors 36 and shifters 38 is to detect 
pointers to alternate opcode page(s) (or other types of instruction blocks 
that contain no instruction length Information) and remove the pointer(s) 
(or other blocks) from the instruction blocks to achieve faster length 
decoding. Since opcode page pointer(s) contain no length information, 
removing opcode page pointers before length decoding allows the 
length decoder to be optimized. In other embodiments, the opcode 
pointers may be bit(s) or other values and may occur In other positions 
of the instruction encoding . 

. Each parallel length decoder 40 receives the instruction bytes 
selected by the corresponding OFH shifter 38 and a OF signal from the 
corresponding OFH detector 36. If the selected instruction bytes 
correspond to an instruction length the length decoder 40 will determine 
the length of the instruction and store 11 In a corresponding location in 
length buffer 44. If no real instruction length is determined. length 
decoders 40 generate a length of 1 to 11 (based on the random 
arrangement of the bytes) which is eventually flushed by illegal 
Instruction logic In the decode stage. In one embodiment, the length 
decoders 40 are lndividuat length decoder PLAs optimized to perform 
length decoding of OOH and OFH-mapped Instructions. In this 
embodiment, each length decoder PLA 40 is combined with a separate 
OFH shifter 38 and a OFH detector 36 to allow the length decoder PLAs 
to be optimized for size. Performing the OFH detecting and OFH shifting 
separately from the length ~ecoder PLAs, as shown in Figures 4 and 5, 
advantageously reduces the size of the length decoder PLAs by about 
50o/o. In other embodiments the length decoders 40 could be 
implemented using combinational logic, or a PLO (programmable logic 
device). 
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Referring to Figure 5, a detailed block diagram of one 
embodiment of prefetch buffer 32 and block 35 of Figure 4 is illustrated. 
Block 35 Includes sixteen parallel sets of OFH detectors, OFH shifters. 
and length decoders. Prefetch buffer 32 is shown with each storage. 
byte labeled to Identify the correspondence between the bytes stored in 
prefetch buffer 32 and the bytes being detected, shifted, and length 
decoded by block 35. Block 35 is illustrated as operating on instruction 
bytes corresponding to lines B and C at a time when line C is being 
loaded from instruction cache 30. In like manner block 35 operates in 
tum on Instruction bytes corresponding to lines c and D, lines o and A, 
and·Hnes A and B when lines D, A, and Bare loaded, respectively. 

Refer to length decoder_ o of Figure 5 and its associated OFH 
detector and OFH shifter logic. Detector/shifter/length decoder set _ o 
receives bytes (3:0] of the currently prefetched line (line C is illustrated 
as the currently prefetched line so bytes [C3:CO] are received). The OFH 
detector determines whether byte [CO) ls OFH and generates a detector 
signal OF:O accordingly. The mux (shifter) selects bytes [C3:C1) if OFH is 
detected, thereby shifting out the OFH byte. The mux selects bytes 
(C2:COJ if OFH is not detected. The length decoder_ O decodes the 
three selected bytes to generate a length value LO. 

Referring to Figure 4, length decoders 40 store their length 
indications in length buffer 44 in locations that correspond to the 
locations of the corresponding instruction bytes in prefetch buffer 32. 
Likewise, OF detectors 36 store their OF bits or signals in corresponding 
locations in OFH buffer 46. 

Figure 7 is a block diagram of an embodiment of the present 
invention having parallel OOH/OFH PLAs 37 that incorporate OFH 
detection, OFH shifting, and length decoding. tn this embodiment the 
functions of OFH detection, OFH shifting, and 1ength decoding are a11 
included in the parallel PLAs 37. The overall operation of parallel PLAs 
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37 is identical to that of block 35 of Figure 4. This embodiment allows 
the PLAs 37 to be optimized for speed to be faster than the embodiment 
of block 35 of Figure 5. However, incorporating the additional functions 
makes the PLAs 37 about twice as big as the PLAs length decoders that 
can be used with the embodiment of Figure 5. 

Figure 8 is a detailed block diagram of one embodiment of the 
parallel OOH/OFH detect/shift/length decode PLAs 37 of Figure 7. In 
accordance with the already-described length decoding scheme, each 

PLA receives four bytes of the currently prefetched line and performs 

OFH detection, OFH shifting, and length decoding as described above. 

Figure 11 is a flowchart of one embodiment of the present 
invention method for fast decoding of OOH and OFH-mapped 
instructions. The method is explained In connection with the 
embodiment of Figure 4. However. in general the method performs the 
steps of: 1) receiVing a sufficient number of instruction bytes to decode 
the length of an Instruction where some of the instruction bytes may 
contribute no instruction length Information; 2) detecting and removing 
(shifting out) the bytes that contribute no length Information; and 3) 

decoding the remaining Instruction bytes to determine the length of 
instruction(s) embedded In the stream of instruction. Figure 11 

illustrates the case where the OFH opcode bytes of the Intel architecture 
Instruction set contribute no length Information and are shifted out 
before length decoding. As explained above, this novel technique can 
be use to Improve the speed and size of the length decoders. 

At step 120 of Figure 11, during a prefetch stage of the pipeline a 

line of sequential instruction bytes are prefetched from instruction cache 
30 and stored in prefetch buffer 32. At step 122. during a subsequent 
fetch stage of the pipeline the method detects instruction bytes that may 
contribute no length information (such as OFH opcode bytes) are 
present in the prefetched line. A set of OF bits are generated and stored 
In OFH buffer 46. At step 124, still in the fetch stage. shifters 38 select 
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either bytes (2:0) of bytes (3:1] of overlapping "windows• of four 
instruction bytes depending on the associated OF bit indication for byte 
[OJ of each window. In this manner, the method removes OFH opcode 
bytes that contribute no length decoding information. At step 126, stilt in 

the fetch stage, length decoders 40 perform length decoding on each of 

the selected three-byte sets. The associated OF bits are used to speed 
up the length decoders. The length values are stored in length buffer 
44. 

· At steps 128 and 130, still in the fetch pipeline stage, code rotator 
48 selects a first and second instructions from the prefetched line of 
instruction bytes based on the prefetch Instruction pointer and the first 
instruction length. If present, OFH opcode bytes are shifted out of each 
instruction before the Instruction bytes are stored In an instruction field In 
instruction FIFO 66. The corresponding OF bits and length values are 
stored in OF an length fields, respectively, in the instruction FIFO 66. 

At step 132, the first and second instructions and associated OF 
bits and length values are sent to instruction decoder 68. Instruction 
decoder 68 decodes the type of instructions and issues appropriate 
macroinstruction vectors to the execution units of the processor. 
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Attribyte path 

Return the prefetch stage of the instruction pipeline of Figure 4. In 

one embodiment, for each instruction byte prefetched from instruction 

cache SO four attribute bits are generated and stored in attribute buffer 

62. In general, attribute bits control how the instructions flow down the 

instruction decode pipe&ne (i.e., control how the instructions are 

handled or executed In the pipelne). The attribute bits generated in this 

embodiment are defined in Table 1. 

Attribute Bit Name ExDlanatlon 

Predicted Branch Taken bit If set and last instruction byte of 

an instruction the instruction is 
a branch that is predicted to be 
taken 

Predicted bit If set on the last instruction byte. 
then the branch is predicted to 
be taken or not taken 

Page Violation bit Indicates that the instruction 
code stream accesses a page 
not present in memory 

Valid bit If set/clear indicates the 

corresponding instruction byte 
in the instruction cache is 

valid/invalid 

Table 1 • Attribute Bits 

For branch instructions, branch target buffer 54 predicts if 

branches will be taken and what the offsets will be. Attribute bits 

decoder 58 receives this information and generates a predicted branch 

taken bit and a predicted bit _for corresponding instruction bytes. In one 

embodiment, the predicted bit and predicted branch taken bit of the least 

significant instruction byte are used to tell other units in the pipeline that 

the branch target buffer has predicted a branch to be taken or not taken. 

sussrrrure SHEET (RULE 26) 



WO 97124659 PCT/US96/20828 

-18-

For example the bits can control branch verification logic In the 
execution stage of the pipeline. 

Paging unit 56 generates a paging violation signal for each 

sixteen byte lne in instruction cache 30. Attribute bit decoder 58 
receives the paging violation signal and generates a paging violation bit 
for each prefetched Instruction byte of the currently prefetched llne. For 
example, In one embodiment if a paging violation signal for a line Is '1' 

the attribute bit corresponding to each Instruction byte In the prefetched 
line is set to '1 '. A paging valid bit set to '1' causes the pipeline to be 

flushed because the associated instruction code stream assesses a 
page not present in memory. 

Instruction cache 30 generates two i-cache valid signals for each 
prefetched sixteen byte line, one for the high eight bytes [15:8) and one 
for the low eight bytes [7:0]. Attribute bit decoder 58 turns the high i­
cache valid signal into eight valid bits (15:8) each having the same value 
as the high I-cache valid signal. Likewise the low I-cache valid signal is 
used to generate eight valid bits [7:0) having the same value as the low 
I-cache valid signal. Attribute bits decoder 58 stores the attribute bits in 

locations in the attribute buffer 62 corresponding to the currently 
prefetched line of prefetch buffer 32. In one embodiment, the valid bits 

of the fourth instruction byte and last instruction byte of an instruction 
determine whether the instruction code stream is valid. Based on the 
valid bits, invalid instructions in the pipeline are canceled. 

Because some of the attribute bits are generated in the prefetch 
stage but not used until the decode stage, in one embodiment the 
present Invention instruction decoder advantageously stores the 

attributes in attribute buffer 62 in locations corresponding to their 

associated instruction bytes in prefetch buffer 32. Figure 6 is a block 

diagram showing, in one embodiment, the one-to-one correspondence 

between instruction bytes stored in prefetch buffer 32, length values 

stored In length buffer 44, OF bits stored in OFH buffer 46, and attribute 
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bits stored in attribute buffer 62. The Instruction bytes, length values. OF 
bits. and attribute bits are manipulated In a corresponding manner by 
the instruction decode logic such that their one-to-one correspondence 
Is maintained. 

Returning now to the fetch_stage. in one embodiment code rotator 
48 parses instruction bytes in the prefetch buffer 32 in four rotation 
stages to provide up to two instrudions per clock cycle to instruction 
FIFO 66. In the first rotation stage, code rotator 48 selects a thirty-two 
byte window based on the prefetch pointer from the previous clock 
cycle. In the second rotation stage, code rotator 48 selects fourteen 
bytes of the thirty-two bytes based on the prefetch pointer from the 
current clock cycle. In the third rotation stage. code rotator 14 selects 
either bytes [13:0) or bytes (13:1) of the fourteen bytes depending on the 
value of the OF bit corresponding to byte (OJ. Thus. the third stage shifts 
out the OFH byte if the first instruction i~ a OFH-mapped instruction. In 
the fourth rotation stage. the second instruction is selected based on the 
length of the first instruction. The fourth stage also shifts out the OFH 
byte if the second instruction is a OFH-mapped instruction (as indicated 
by the corresponding OF bit). 

Rotators for performing the first and second stage rotation are 
described In detail in U.S. patent application Serial No. 081276,089, 
entitled Two Stage Window Multiplexors For Deriving Variable Length 

Instructions From A Stream Of Instructions, E. Grochowski, and assigned 
to the assignee of the present invention, which is incorporated herein by 

reference. In one embodiment the third and fourth stages of rotation are 
implemented using multiplexors. In another embodiment shift registers 

are used. 

In one embodiment, length rotator 50, OFH rotator 52, and 
attribute rotator 64 each include first. second, and fourth rotation stages 

that operate on length buffer 44, OF buffer 46, and attribute buffer 62, 
respectively, in a manner similar to the first, second, and fourth stages of 
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code rotator 48. In this manner. length values. OF bits. and attribute bits 

corresponding to the first and second instructions are selected and sent 

to instruction FIFO 66. However. length rotator 50, OFH rotator 52, and 

attribute rotator 64 do not include the third rotation stage to shift out 
information corresponding to OFH bytes of OFH-mapped instructions. 

Nor do they shift· out information corresponding to OFH opcode bytes of 

the second instruction in the fourth rotation stage. 

Example 

Figure 1 O illustrates an example operation of the instruction 
decoder of the present invention. The processing of the following 

sequence of Instructions by the present invention instruction decoder is 

Illustrated. 

!DlbUCl!ql ft.YIM Emlnnat!on 
1. OF 6E 05 movd (32 bits) EAX <-mem 

2. OF FC 06 00 01 paddb 

3. OF 6E 05 movd (32 bits) EAX <··mem 

4. OF FC 06 00 01 paddb 

5. OF 6E 05 movd (32 bits) EAX <··mem 

The example of Figure 1 O Is explained in conjunction with the 

embodiment of Figure 4. At step 1 oo, a line including the above 

sequence of Instructions is prefetched from instruction cache 30 and 

stored in prefetch buffer S2 in locations 813 through C15. (The above 

sequence of instructions begin at location 814.) The same instruction 

bytes are also delivered to block 35. 

At step 102, parallel OFH detectors 36 detect OFH bytes In 

positions 814, C1, cs. and C9 and generate OF bits for bytes [C12: B13]. 

The OF bits are stored in correspondi.ng locations in OFH buffer 46. 

Parallel OFH shifters 38 each select three bytes to send to their 

corresponding length decoders 40 based on the corresponding OF 
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signal. In this example, shifter_13 selects (815:813), shifter_14 selects 

[C1 :815), shifter_15 selects [C1 :815), shlfter_o selects [C2:CO), shifter_1 

selects [C4:C2), shlfter_2 selects [C4:C2], shlfter_S selects [C5:C3], 

shifter_ 4 selects [C6:C4J, shifter_5 selects [C7:C5], shifter_e select 

[C9:C7], shlfter_7 selects [C9:C7), shifter_& selects [C10:C8], shifter_9 

selects [C12:C10], shlfter_10 selects [C12:C10), shifter_11 selects 

[C13:C11], and shifter_12 selects [C14:C12J. 

At step 104, parallel length decoders 40 length decode their 

corresponding selected instruction bytes. Length decoder_ 14 

generates a length of 3 (corresponding to instruction #1 above). Length 

decoder_ 1 generates a length of 5 (corresponding to instruction #2 

above). Length decoder_& generates a length of 3 (corresponding to 

instruction #3 above). Length deooder_9 generates a length of 5 

(oorresponding to instruction #4 above). The other length decoders may 

also produce invalid length values. shown as X in Figure 1 o because 

they will later be discarded by invalid Instruction logic In the decode 

stage. The length values are stored in corresponding locations in length 

· buffer44. 

At step 106, attribute bits decoder 58 generates a set of attribute 

bits for each of the sixteen bytes in the prefetched line. In one 

embodiment, the attributes bits are those of Table 1 and appear in order 

from left to right as: 1) predicted branch taken bit, 2) predicted bit, 3) 

page violation bit, and 4) vaUd bit. Exemplary values for these bits are 

shown in Figure 10. The attribute bits decoder 58 stores the attribute 

bits in corresponding locations in attribute buffer 62. 

At step 108, the first and second stages of code rotator 48 select 

fourteen bytes based on th~ prefetch instruction pointer. In this example 

bytes [C11 :814) are selected. The first and second stages of length 

rotator 50, OFH rotator 52, and attribute rotator 64 perform 

corresponding operations to select the corresponding [C11:B14] length 
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values, OF bits, and attribute bits, respectively. The values selected by 

the first and second stages of rotation are those underljned in step 108. 

At step 11 o. the third stage of code rotator 48 selects, based on 
the [814] OF bit, bytes [C11 :815) to shift out the OFH byte in position 

[814). The selected bytes are underlined In step 110. The third stage 
selects either 13 of 14 or 14 of 14 of the founeen selected Instruction 
bytes depending on the OF bit of the most significant byte in the 
founeen-byte window ~n this case bit [814)). Length rotator so. OFH 

rotator 52, and attribute rotator 64 do not perform the third stage of 

rotation. 

At step 112, based on the length values and the OF bits of the 
prefetched line the fourth stage of code ·rotator 48 selects the first and 
second instructions, shifts out a OFH opcode byte in the second 
instruction if present, and stores the first and second Instructions in 
instruction FIFO 66. Length rotator 50 and OFH rotator 52 select and 
store the length values and·OF bits corresponding to the most significant 
byte of the first and second instructions (in this example positions [814] 
and [C1], respectively) in instruction FIFO 66. 

The fourth stage of attribute rotator 64 selects the attribute bits 

corresponding to the first and second instructions. In one embodiment, 

the attributes for each of the first and second instructions are selected as 
follows: #1 ) the predicted branch taken bit corresponding to the least 
significant instruction byte (LSB) is selected; #2) the predicted bit 

corresponding to the LSB is selected; #3) the page violation bit 

corresponding to the most significant instruction byte (MSB) is selected; 

#4) the valid bit corresponding to the LSB is selected; and #5) the valid 

bit corresponding to the fourth instruction byte, if present, is selected. 

The attribute bits selected In this example are underlined in step 112. 
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At step 114, the first and second Instructions and.their associated 

OF bits, length values, and attribute bits selected by the rotators 48, so. 

52, and 64 are stored In Instruction FIFO 66. 

Thus, a method and apparatus for fast decoding of OOH and OFH 

mapped instructions has been described. In the foregoing specification, 

the invention has been described with reference to specific exemplary 

embodiments thereof. It will, however, be evident that various 

modifications and changes may be made thereto without departing from 

the broader spirit and scope of the invention as set forth in the 

appended claims. The specification and drawings are, accordingly, to 

be regarded in an illustrative rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1. An apparatus for decoding the length of variable length 
instructions embedded in an instruction stream without differentiation, 

each instruction Including one or more blocks, wherein some types of 

blocks contain no instruction length information. the apparatus 

comprising: 

a detector coupled to receive a first block of the instruction 

stream, wherein the detector generates a detector signal that indicates 

whether or not the first block contains instruction length information; 

a shifter coupled to the detector, wherein the shifter selects a first 

plurality of blocks including the first block if the first _block contains length 

information, wherein the shifter selects a second plurality of blocks not 

includng the first block ff the first block does not contain length 

Information: and 

a length decoder, coupled to the shifter, for decoding an 
instruction length indicated by the selected plurality of blocks. 

2. The apparatus of claim 1 wherein the length decoder 

utilizes the detector signal to decode ihe instruction length. 

3. The apparatus of claim 2 wherein the blocks are bytes and 

the first block is a first byte. wherein the type of blocks that contain no 

length information include OFH bytes, wherein the detector generates OF 

signals to Indicate OFH bytes in the instruction stream. 

4. The apparatus of claim 3 wherein when the first byte is 

OFH the selector selects three sequential bytes immediately following 
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the first byte, wherein when the first byte is not OFH the selector selects 

the first byte and the next two bytes immediately following the first byte. 

5. The apparatus of either claim 1 or 4 further comprising a 

plurality of length decoding sets, each length decoding set Including the 

detector, shifter and length decoder, wherein the length decoding sets 

are arranged to operate in parallel on a corresponding plurality of 

blocks of the instruction stream. 

6. An apparatus for decoding the length of variable length 

instructions embedded in an instruction stream without differentiation, 

each instruction including one or more blocks, wherein the instructions 

are mapped to either a primary or secondary opcode page, the 
apparatus comprising: 

a detector coupled to receive a first block of the Instruction 

stream, wherein the detector generates a detector signal that indicates 

whether or not the first block points to the secondary opcode page; 

a shifter coupled to the detector, wherein the shifter selects a first 

plurality of blocks, including the first block, for length decoding if the first 

block does not point to the secondary opcode page, wherein the shifter 

selects a second plurality of blocks not including the first block if the first 

block points to the secondary opcode page; and 

a length decoder, coupled to the shifter, for determining an 

instruction length indicated by the selected plurality of blocks. 

7. The apparatus of claim 6 wherein the length decoder 

utilizes the detector signal to help determine the instruction length. 

8. The apparatus of claim 7 wherein the length decoder is a 

PLA (programmable logic array) that decodes the length of instructions 

mapped to both the primary and secondary opcode page. 
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9. The apparatus of claim 8 wherein the detector Is a 

comparator and the shifter Is a mux. 

10. The apparatus of claim 7 wherein the length decoder, 

detector and shifter are implemented in a single PLA, wherein the PLA 

decodes the length of instructions mapped to both primary and 

secondary opcode page. 

11. The apparatus of either claims 6, 8 or 1 o where! n the 

blocks are bytes and the first block is a first byte, herein a OFH byte 

points to the secondary opcode page, wherein when the first byte is OFH 

the selector selects three sequential bytes immediately following the first 

byte, wherein when the first byte is not OFH the selector selects the first 

byte and the next two bytes immediately following the first byte. 

12. The apparatus of claim 6 further comprising a plurality of 

length decoding sets, each length decoding set including the detector. 

shifter and length decoder, wherein the length decoding sets are 

arranged to operate iri parallel on a corresponding plurality of blocks of 

the Instruction stream. 

13. The apparatus of claim 9 further comprising a plurality of 

length decoding sets, each length decoding set including the 

comparator, mux and PLA length decoder, wherein the length decoding 

sets are arranged to operate in parallel on a corresponding plurality of 

blocks of the instruction stream. 

14. The apparatus of claim 1 O further comprising a plurality of 

the PLAs, wherein the plurality of PLAs are arranged to operate in 

parallel on a corresponding plurality of blocks of the instruction stream. 

15. An apparatus for decoding t~e length of variable length 

instructions embedded in an instruction stream without differentiation, 

each instruction including one or more blocks, wherein the instructions 
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are mapped to either a primary or secondary opcode page, the 

apparatus comprising: 
a plurality of detectors coupled to receive an equally 

corresponding plurality of blocks of the instruction stream, wherein each 

detector generates a detector signal that indicates whether or not the 

corresponding block points to the secondary opcode page; 
an equally corresponding plurality of shifters coupled to the 

detectors, wherein each shifter selects a corresponding first plurality of 

blocks, including the corresponding block, if the corresponding block 

does not point to the secondary opcode page, wherein each shifter 
selects a corresponding second plurality of sequential blocks. not 
including the corresponding block, if the corresponding block points to 

the secondary opcode page; and 
an equally corresponding plurality of length decoders coupled to 

the shifters, wherein ·each length decoder decodes the selected 
corresponding plurality of blocks and corresponding detector signal to 

determine an instruction length indicated by the selected corresponding 

plurality of blocks. 

16. The apparatus of claim 15 wherein each of the length 

decoders is a separate PLA that decodes instructions mapped to both 

the primary and secondary opcode map.s, and wherein the detector is a 
comparator and the shifter is a mux. 

17. The apparatus of claim 15 wherein each length decoder 

and corresponding shifter and detector are implemented in a PLA such 

that each PLA performs functions of detecting, shifting, and length 

decoding. wherein each PLA decodes the length of instructions mapped 

to both the primary_and secondary opcode page. 

18. An apparatus for decoding the length of variable length 

instrudions embedded in an instruction stream without differentiation, 

each instruction including one or more instruction bytes, wherein the 
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instructions are mapped to either a primary or secondary opcode page, 
the apparatus comprising: 

a prefetch buffer, wherein the prefetch buffer prefetches and 
stores therein a plurality of sequential instruction bytes from the 
instruction stream; · 

a plurality of OFH detectors coupled to receive a corresponding 
plurality of the prefetched instruction bytes, wherein the OFH detectors 
generate a corresponding plurality of OF bits that indicate whether the 
corresponding plurality of prefetched instruction bytes are OFH; 

an equally corresponding plurality of OFH shifters, wherein when 
the corresponding prefetchecl instruction byte is OFH the corresponding 
OF_H shifter selects three sequential Instruction bytes Immediately 
following the corresponding prefetched instruction bytes, wherein when 
the corresponding prefetched Instruction byte is not OFH the 
corresponding OFH shifter selects the corresponding prefetched 
instruction bytes and the next two sequential instruction bytes; and 

an equally corresponding set of plurality of length decoders, 
wherein each length decoder determines an instruction length, if any, 
indicated by the corresponding selected instruction bytes based on the 

corresponding selected Instruction bytes and the corresponding OF bit. 

19. An apparatus tor decoding the length of variable length 
instructions embedded in an instruction stream without differentiation, 
each instruction Including one or more blocks, wherein some types of 
blocks contain no instruction length information, the apparatus 

comprising: 
means for determining whether a first block of the instruction 

steam contains instruction length Information; 
means, coupled to the determining means, for selecting a first 

plurality of blocks including the first block if the first block contains length 
information, wherein the selecting means selects a second plurality of 
blocks not including the first block if the first block does not contain 
length information; and 
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means. coupled to the selectJng means, for decoding the selected 
plurality of blocks to determine a length of a first variable length 
instruction that includes the first block. 

20. A method for decoding the length of variable length 
instructions embedded in an instruction stream without differentiation, 

each instruction including one or more blocks, wherein some types of 

blocks contain no instruction length information, the method comprising 

the steps of: 
determining whether a first block of the instruction stream 

contains instruction length information; 
selecting a first plurality of blocks including the first block if the 

first block contains length information; 
selecting a second plurality of blocks not Including the first block if 

the first block does not contain length Information; and 
decoding the selected pluraffty of blocks to determine a length of 

a first variable length Instruction that includes the first block. 

21. The method of claim 20 wherein the decoding step utilizes 
the detector signal to decode the instruction length. 

22. A method for decoding the length of variable length 

Instructions embedded in an instruction stream without differentiation, 

each instruction including one or more blocks, wherein the instructions 
are mapped to either a primary or secondary opcode page, the method 
comprising the steps of: 

detecting whether or not the first block points to the secondary 
opcode page; 

generating a detector signal that indicates whether or not the first 

block points to the secondary opcode page: 
selecting a first plurality of blocks, including the first block. if the 

first block does not point to the secondary opcode page: 

SUBSTITUTE SHEET (RULE 26) 



W097/24659 PCT/US96/20828 

. 1111111111111111111 11111111111 
* C L M S * 

-30-

selecting a second plurality of blocks not including the first block if 

1he first block points to the secondary opcode page; and 

determining an Instruction length Indicated by the selected 

plura6ty of blocks. 

23. The method of claim 22 wherein the instruction length 

determining step utilizes the detector signal to determine the instruction 

length. 

24. The method of claim 23 wherein the blocks are bytes and 

the first block is a first byte, wherein a OFH byte points to the secondary 

opcode page, wherein when the first byte is OFH the step of selecting a 

first plurality of blocks selects three sequential bytes immediately 
following the first byte, wherein when the first byte is not OFH the 

•selecting a second plurality of blocks selects the first byte and the next 

two bytes immediately following the first byte. 
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