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(57) ABSTRACT 

Three parallel instruction processing pipelines of a micro 
processor share tWo data memory ports for obtaining oper 
ands and Writing back results. Since a signi?cant proportion 
of the instructions of a typical computer program do not 
require reading operands from the memory, the probability 
is high that at least one of any three program instructions to 
be executed at the same time need not fetch an operand from 
memory. The tWo memory ports are thus connected at any 
given time With the tWo of the three pipelines Which are 
processing instructions that require memory access, the 
pipeline Without access to the memory processing an 
instruction that does not need it. To do so, the added third 
pipeline need not have all the same resources as the other 
tWo pipelines, so its stages are made to have a reduced 
capability in order to save space and reduce poWer con 
sumption. The stages of the three pipelines are also dynami 
cally interchanged in response to the speci?c combination of 
three instructions being processed at the same time, in order 
to increase the rate of processing a large number of instruc 
tions. 
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DYNAMIC ALLOCATION OF RESOURCES IN 
MULTIPLE MICROPROCESSOR PIPELINES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation-in-part of copending patent 
application Ser. No. 09/062,804, ?led Apr. 20, 1998, Which 
application is expressly incorporated herein in its entirety by 
this reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to the architecture 
of microprocessors, and, more speci?cally, to the structure 
and use of parallel instruction processing pipelines. 

[0003] A multi-staged pipeline is commonly used in a 
single integrated circuit chip microprocessor. A different 
step of the processing of an instruction is accomplished at 
each stage of the pipeline. For example, one important stage 
generates from the instruction and other data to Which the 
instruction points, such as data stored in registers on the 
same chip, an address of the location in memory Where an 
operand is stored that needs to be retrieved for processing. 
A next stage of the pipeline typically reads the memory at 
that address in order to fetch the operand and make it 
available for use Within the pipeline. A subsequent stage 
typically executes the instruction With the operand and any 
other data pointed to by the instruction. The execution stage 
includes an arithmetic logic unit (ALU) that uses the oper 
and and other data to perform either a calculation, such as 
addition, subtraction, multiplication, or division, or a logical 
combination according to What is speci?ed by the instruc 
tion. The result is then, in a further stage, Written back into 
either the memory or into one of the registers. As one 
instruction is moved along the pipeline, another is right 
behind it so that, in effect, a number of instructions equal to 
the number of stages in the pipeline are being simulta 
neously processed. 
[0004] TWo parallel multi-stage pipelines are also com 
monly used. TWo instructions may potentially be processed 
in parallel as they move along the tWo pipelines. When some 
interdependency exists betWeen tWo successive instructions, 
hoWever, they often cannot be started along the pipeline at 
the same time. One such interdependency is Where the 
second instruction requires for its execution the result of the 
execution of the ?rst instruction. Each of the tWo pipelines 
has independent access to a data memory through one of tWo 
ports for reading operands from it and Writing results of the 
instruction execution back into it. The memory accessed by 
the pipelines is generally on the integrated circuit chip as 
cache memory, Which, in turn, accesses other semiconductor 
memory, a magnetic disk drive or other mass storage that is 
outside of the single microprocessor integrated circuit chip. 

[0005] It continues to be a goal of processor design to 
increase the rate at Which program instructions are pro 
cessed. Therefore, it is the primary object of the present 
invention to provide an architecture for a pipelined micro 
processor that makes possible an increased instruction pro 
cessing throughput. 
[0006] It is another object of the present invention to 
provide such a pipelined microprocessor that minimiZes the 
additional amount of poWer consumed and integrated circuit 
space required to obtain a given increase the rate of pro 
cessing program instructions. 
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SUMMARY OF THE INVENTION 

[0007] These and additional objects are accomplished by 
the various aspects of the present invention, Wherein, brie?y 
and generally, according to one such aspect, three or more 
parallel pipelines are provided Without having to use more 
than tWo data memory ports to retrieve operands or store the 
results of the instruction processing. It is undesirable to use 
a memory With more than tWo ports, or to use tWo or more 

separate data memories, since the complexity, poWer con 
sumed and space taken by such many ported memories is 
highly undesirable. It has been recogniZed, as part of the 
present invention, that since a signi?cant proportion of the 
individual instructions of most programs do not need access 
to data memory in order to be executed, an extra pipeline 
Without such access still results in a signi?cant increase in 
processing speed Without a disproportionate increase in the 
amount of circuitry or poWer consumption. In a speci?c 
implementation of this aspect of the invention, three instruc 
tions are processed in parallel in three pipelines at one time 
so long as one of those instructions does not need access to 
the data memory. The tWo ports of the data memory are 
made available to the tWo pipelines processing instructions 
that need access to the data memory, While the third pipeline 
processes an instruction that does not require such access. 

[0008] A three pipeline architecture is preferred. If all 
three instructions queued for entry into the three pipelines at 
one time all need access to the data memory, then one of the 
instructions is held. In this case, the third pipeline is not fully 
utiliZed for at least one cycle, but this does not occur 
excessively because of the high proportion of instructions in 
most operating systems and programs that do not need 
access to the data memory. A fourth pipeline may further be 
added for use With a tWo port data memory if that proportion 
of instructions not needing data memory access is high 
enough to justify the added integrated circuit space and 
poWer consumed by the additional pipeline circuitry. 

[0009] According to another aspect of the present inven 
tion, the third pipeline is made simpler than the other tWo, 
since there is also a high enough proportion of instructions 
that do not need the complex, high performance pipeline 
stages normally supplied for processing the most complex 
instructions. A preferred form of the present invention 
includes tWo pipelines With stages having the normal full 
capability While at least some of the stages of the third 
pipeline are signi?cantly simpli?ed. In a speci?c implemen 
tation of this aspect of the present invention, the address 
generation stage of the third pipeline is made simpler than 
the address generation stage of the other tWo pipelines. The 
third address generation stage may, for example, be espe 
cially adapted to only calculate instruction addresses in 
response to jump instructions. The ALU of the execution 
stage of the third pipeline is also, in a speci?c implemen 
tation, made to be much simpler than the ALUs of the other 
tWo pipelines. The third ALU, for example, may be dedi 
cated to executing move instructions. The simpler third 
pipeline stages minimiZe the extra integrated circuit space 
and poWer required of the third pipeline. Yet, a signi?cant 
increase in through put of processing instructions is 
achieved. 

[0010] According to a further aspect of the present inven 
tion, individual ones of the multiple stages of each of the 
pipelines are interconnectable With each other betWeen the 
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pipelines in order to take advantage of a multiple pipelined 
architecture Where the capability and functions performed 
by a given stage of one pipeline is different than that of the 
same stage of another pipeline. This alloWs the pipelines to 
be dynamically con?gured according to the need of each 
instruction. Stages capable of processing a given instruction 
are connected together Without having to use stages With 
excessive capability in most cases. One instruction, for 
example, may require a full capability address generator but 
then only needs the simplest ALU, so the instruction is 
routed through these tWo stages. For another instruction, as 
another example, no address generator may be necessary but 
a full capability ALU may be required. 

[0011] The ideal operation Which is sought to be achieved 
is to have three pipelines operating on three instructions all 
the time With no more circuitry (and thus no more space or 
poWer consumption) than is absolutely necessary to process 
each instruction. Each of the various aspects of the present 
invention contributes to moving closer to that ideal, the most 
improvement being obtained When all of these aspects of the 
present invention are implemented together. 

[0012] Additional objects, advantages, and features of the 
present invention Will become apparent from the folloWing 
description of its preferred embodiments, Which description 
should be take in conjunction With the accompanying draW 
mgs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a block diagram of a prior art tWo pipeline 
microprocessor architecture; 
[0014] FIG. 2 illustrates, in a simpli?ed form, a three 
pipeline microprocessor architecture utiliZing the various 
aspects of the present invention; 

[0015] FIG. 3 illustrates the major stages of a detailed 
example of a three pipeline microprocessor utiliZing the 
various aspects of the present invention; 

[0016] FIG. 4 is a block diagram shoWing additional 
details of the ID and stages of the microprocessor of FIG. 
3; 
[0017] FIGS. 5A and 5B illustrate the structure of the 
queue register and form of data stored in it, respectively, if 
the ID stage shoWn in FIG. 4; 

[0018] FIG. 6 is a block diagram illustrating the AG and 
OF stages of the microprocessor of FIG. 3; 

[0019] FIG. 7 is a block diagram of the EX and WB stages 
of the pipeline of FIG. 3; 

[0020] FIG. 8 is a ?oWchart illustrating a preferred opera 
tion of the multiple pipeline microprocessor shoWn in FIGS. 
3-7; 
[0021] FIG. 9 is a ?oWchart shoWing the operation of the 
block 411 of the ?oWchart of FIG. 8; and 

[0022] FIG. 10 is a ?oWchart shoWing the operation of the 
block 413 of the ?oWchart of FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] As background, a prior art architecture of a single 
chip microprocessor With tWo pipelines, each having mul 
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tiple stages, is described With respect to FIG. 1. What is 
shoWn in FIG. 1, is provided on a single integrated circuit 
chip. That includes some on-board memory, usually cache 
memory, such as an instruction cache 11 and a data cache 13. 
The instruction cache 11 stores instructions that are fre 
quently being executed, and the data cache 13 stores data 
that is frequently being accessed to execute the instructions. 
The instruction and data cache memories 11 and 13 are 
sometimes combined into one memory but more often are 
provided as physically separate memories. Access to 
dynamic random access memory (DRAM), magnetic disk 
drives, and other forms of mass storage, currently all off the 
microprocessor chip, is not shoWn in the ?gures of the 
present application but is operated With the on-board cache 
memories in a standard manner. 

[0024] Addresses of instructions and memory are gener 
ated in a circuit 15 by an instruction fetch block 17. A main 
component of the instruction fetch block 17 is a program 
counter that increments from a starting address Within the 
cache memory 11 through successive addresses in order to 
serially read out in a circuit 19 successive instructions stored 
at those addresses. The instruction fetch block 17 is also 
responsive to an address in a circuit 21 to jump out of order 
to a speci?ed beginning address from Which the program 
counter then counts until another jump address is received. 

[0025] The instructions read one at a time out of the cache 
memory 11 are stored in a buffer 23 that decodes them 
suf?ciently so that one instruction is passed through circuits 
25 and another instruction is passed through circuits 27 at 
the same time. The circuits 25 and 27 are the beginnings of 
the parallel pipeline stages, With the instruction buffer 23 
providing an initial stage to each of these pipelines. Latches 
29 and 31 are included in the paths of each of the tWo 
pipelines for temporarily storing the instructions that are 
being separately processed by the tWo pipelines. 

[0026] Each of these instructions is also connected With a 
control unit 33 having outputs that are connected (not shoWn 
for simplicity) to most of the other blocks of the pipeline in 
order to control their operation. The control unit 33 decodes 
each of the instructions presented in the circuits 25 and 27 
in order to specify hoW each of the stages of the tWo 
pipelines is to operate to execute that instruction. For 
example, a signal from the control unit 33 normally latches 
the instructions in the circuits 25 and 27 in the respective 
latches 29 and 31. HoWever, there are circumstances Where 
both instructions are not alloWed to proceed doWn the 
pipelines at the same time. For example, the instruction in 
the circuit 27 may require a result of the execution of the 
instruction and circuit 25. Thus, the instruction in the circuit 
27 is not stored in the latch 31 at the same time as the 
instruction is stored in the latch 29. Rather, the instruction in 
the circuit 27 is entered into a pipeline in a subsequent cycle, 
so the result of the execution of the ?rst instruction is 
available to it When required. 

[0027] Each of the pipelines includes an address genera 
tion stage, their primary components being adders 35 and 
37. The purpose of each of these adders is to calculate an 
address in the data cache memory 13 Where an operand is to 
be found that is necessary to execute the instruction. The 
address is calculated by each adder from information pro 
vided in the instruction itself or data read from one of several 
registers 39 that are also provided as part of the micropro 
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cessor integrated circuit. According to one architectural 
standard, eight such registers r1 through r8 are included, 
While more registers are used in other architectural stan 
dards. An instruction often requires data to be read from at 
least one of the registers in the course of calculating the 
address. 

[0028] The calculated memory addresses of the tWo 
instructions being processed in parallel are then stored in 
latches 41 and 43. These addresses are then applied to the 
data cache memory 13 through interfaces 45 and 47 to 
retrieve operands from the address locations in circuits 49 
and 51. These operands are then temporarily stored in 
latches 53 and 55 at the beginning of the next stage of the 
pipelines. 

[0029] This next stage is the execution stage that includes 
tWo ALUs 57 and 59. The operands read from the data cache 
memory 13, other data stored in the registers 39, and data 
provided in the instruction itself are all used by the ALUs 57 
and 59 in the manner speci?ed by the individual instructions 
being executed in the respective pipelines. The results of the 
arithmetic operations performed in the execution stage are 
then temporarily stored in latches 61 and 63, at the begin 
ning of the next stage of each pipeline. 

[0030] That ?nal stage includes blocks 65 and 67 for 
Writing back the result of the execution into either the cache 
memory 13 or one of the registers 39. The pipeline utiliZing 
the block 65 Writes to the cache memory 13 through its port 
A, and the second pipeline, through the block 67, Writes to 
the cache memory 13 through its port B. 

[0031] It Will be recogniZed that the prior art tWo pipeline 
architecture, as illustrated in FIG. 1, includes the maximum 
capability in each stage that may be required to process each 
instruction. As a result, many instructions do not use that 
capability. For example, any instruction that does not need 
to fetch an operand from the data cache 13 Will skip over the 
address generation and operand fetch stages of adders 35 or 
37 and memory interfaces 45 or 47. Other instructions need 
very little arithmetic operation so that the capability of the 
ALUs 57 or 59 are only partially utiliZed to execute those 
types of instructions. 

[0032] As part of the present invention, these character 
istics of the operation of a tWo pipelined microprocessor 
have been recogniZed to alloW the addition of a third 
pipeline Without having to provide access to the data cache 
memory 13 by that third pipeline. The addition of another 
port to the data cache 13 requires a different memory that, 
When implemented, takes much more space and poWer than 
is practical. Thus, according to the present invention, a third 
pipeline Without data memory access is utiliZed to process in 
parallel With the tWo main pipelines those instructions that 
do not need such access. And since all the instructions do not 
need the full poWer of a typical high-performance address 
generation stage adder or execution stage ALU, the third 
pipeline also implements these stages With a less complex, 
loWer performance adder and ALU that are suf?cient for a 
large proportion of instructions being processed. These 
instructions are then implemented in much less space and 
With the use of much less poWer than the full performance 
stages provided in the other tWo pipelines. 

[0033] In addition, the present invention provides for 
sWitching stages betWeen pipelines so that a given instruc 
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tion has just enough resources that it needs for its processing 
but Without the need to consume additional unnecessary 
resources. 

[0034] An implementation of these various aspects of the 
present invention are conceptually illustrated in the three 
pipeline microprocessor of FIG. 2, Wherein blocks perform 
ing functions substantially as in the prior art system of FIG. 
1 are given the same reference numbers. A ?rst stage of the 
pipelines, common to all three, is an instruction decoding 
(ID) stage including an instruction queue 71. In this stage, 
the serial stream of instructions being read out of the 
instruction cache 11 are separated into their individual 
instructions, Which are usually of variable length. Processing 
and predicting of target addresses of branch instructions as 
part of the instruction fetch 17 are given in copending patent 
application entitled “Improved Branch Prediction Mecha 
nism,” of Sean P. Cummings et al., ?led Sep. 4, 1998, Which 
application is incorporated herein in its entirety by this 
reference. 

[0035] A next stage, also common to each of the three 
pipelines, is an instruction issue (IS) stage including a circuit 
block 73 that receives the instructions from the queue 71 and 
outputs three at a time on circuits 75, 77 and 79. These 
instructions are individually applied to respective latches 81, 
83 and 85 at the beginning of the next stage of the process 
ing, the address generation (AG) stage. These instructions 
are also received by a control unit 87 that decodes them and 
provides control signals to other stages and blocks of the 
microprocessor in order to con?gure them appropriately to 
provide the proper resources and operation to process each 
set of instructions. 

[0036] The address generation stage of each of the three 
pipelines includes respective adders 89, 91 and 93. The 
adders 89 and 91 are full performance adders that are 
capable of generating an address for any of the knoWn set of 
instructions, While the adder 93 is made to have less capa 
bility but remaining capable of performing the adder func 
tion With some subset of the full set of instructions that are 
frequently encountered. This alloWs the third adder 93 to be 
ef?ciently utiliZed With the other tWo. In a speci?c imple 
mentation, the third adder 93 is especially designed to 
respond to jump instructions for calculating an address to 
Which the instruction fetch unit 17 should jump. The jump 
address calculated by the third adder 93, after being delayed 
for tWo operational cycles by being moved through latches 
95 and 97 in sequence, is sent through circuits 99 as an 
address to the instruction fetch block 17. 

[0037] In the implementations of the various aspects of the 
present invention being described With respect to the draW 
ings, instructions are issued by the block 73 so that three 
successive instructions are stored in order by the latches 81, 
83 and 85. The adder 89 is provided With an input sWitch 101 
that alloWs it to be connected to receive an instruction from 
either of the registers 81 or 83. Similarly, the adder 91 has 
an input connected by a sWitch 103 to the instructions in 
either of the latches 83 or 85. The third, less complex, adder 
93 has its input connectable through a sWitch 105 to the 
instructions in any of the three latches 81, 83 or 85. Thus, it 
can be seen that tWo of the three instructions stored in the 
latches 81, 83 and 85 requiring a full capability adder may 
be connected to the adders 89 and 91 While the remaining 
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instruction, if it can be processed by the third adder 93, is 
connectable to the adder 93 from any of the latches 81, 83 
or 85. 

[0038] The outputs of the full adders 89 and 91 are 
addresses that are stored in latches 107 and 109 of the next 
stage, the operand fetch (OF) stage. These addresses are 
applied through respective interface circuits 111 and 113 to 
the portsAand B of the data cache memory 13. The resulting 
operands read from the memory 13 are stored in respective 
latches 115 and 117 in the next stage of each of the tWo 
primary pipelines. In the third pipeline, the outputs of the 
latches 81, 83 and 85 are moved through the operand fetch 
and into the execution stages through latches 119 and 121. 

[0039] The execution units of the tWo primary pipelines 
include full capability ALUs 123 and 125. The third pipeline 
includes a logic unit 127 having lesser capability, in this 
example, being dedicated to moving data from one location 
to another. Each of the ALUs 123 and 125 and the move unit 
127 have accompanying input sWitches 129, 131 and 133, 
respectively. Each of the sWitches 129, 131 and 133 of the 
execution stage, as Well as the adder sWitches 101, 103 and 
105 of the address generation stages, are set by signals from 
the control unit 87 that result from decoding the instructions 
being executed. 

[0040] The input of the move unit 127 is connectable 
through its sWitch 133 to either of the tWo operands read 
from the memory 13 and stored in the latches 115 and 117, 
or to any of the three instructions being processed in parallel 
and stored in the latches 121. The sWitch 131 connects the 
input to the full capability ALU 125 to any one of four of 
those same inputs, connection to the instruction Which has 
come through the register 81 being omitted. Similarly, the 
ALU 123 is connectable through its input sWitch 129 to four 
of the same ?ve inputs, the instruction coming through the 
register 85 being omitted. The sWitches 129, 131 and 133 
alloW an ALU of an appropriate capability to be matched for 
executing an instruction that needs that capability and, With 
high probability, matched Within an instruction that does not 
Waste that capability. 

[0041] Outputs of the ALUs 123 and 125 and the move 
unit 127, are connected With respective multiplexers 135, 
137 and 139 for connecting their respective outputs to 
different selected ones of the eight registers 39. These 

multiplexers are set by controls (indicated by from the 
control unit 87 consistent With the instructions that have 
been executed. Similarly, these tWo outputs of the ALUs 123 
and 125, and the output of the move unit 127, are submitted 
to respective latches 141, 143 and 145 for potential Writing 
back into the data cache memory 13 through a Write back 
circuit 147 for port A of the memory and 149 for its port B. 
SWitches 151 and 153 are operated to connect data from tWo 
of the three latches 141, 143 and 145 for Writing in one cycle 
back into the data cache 13. It can be seen that only tWo of 
the three pipelines may access the data memory 13 at one 
time. But since a large proportion of instructions of a usual 
program do not require data memory access, this limitation 
does not prevent execution of three instructions at the same 
time in most instances. 

[0042] It Will be recogniZed that, as With all pipelines, 
instructions are executed in sequence as they move through 
the pipelines from left to right of the block diagram of FIG. 
2. One set of instructions stored in the registers 81, 83 and 
85 are processed by respective ones of the adders 89, 91 and 
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93 in one operating cycle, With the results stored in the 
latches 107, 109 and 95, respectively. At the same time these 
three instructions are moved to the latches 119, a second set 
of instructions is then loaded into the latches 81, 83 and 85 
for processing in the AG stages during the next operating 
cycle at the same time that the ?rst set of instructions is 
being processed as the OF stage. In a next operating cycle, 
the ?rst set of instructions, and the results of partially 
processing them, is moved to the EX stage While a third set 
of instructions is loaded into the registers 81, 83 and 85. 
Lastly, the ?rst set of instructions, after execution, is either 
Written into the register 39 or moved to the output latches 
141, 143 and 145 for Writing back into the data memory 13 
in a fourth operating cycle, during Which a fourth set of 
instructions is loaded into the registers 81, 83 and 85 for 
processing in the AG stage. 

[0043] Although the architecture conceptually illustrated 
in FIG. 2 has been described as three distinct pipelines it 
Will be recogniZed that, because of the three sets of sWitches 
101/103/105, 129/131/133 and 151/153, that a given instruc 
tion can travel through one stage in one pipeline, and 
through a subsequent stage in a different pipeline. This, in 
effect, dynamically creates, in response to the control unit 87 
decoding the instructions and knoWing the resources that 
each instruction needs, a separate pipeline for that instruc 
tion made up of one of the three possibilities for each stage 
that is consistent With the requirements of the instruction. 

[0044] Some examples of the con?guration of the various 
stages of FIG. 2 to process various types of instructions Will 
noW be described in general. An adder of the AG stage, and 
thus also the path taken in the OF stage, are selected for a 
given instruction independently of selecting the ALU in the 
EX stage. For example, if an instruction requires an arith 
metic operation, one of the full capability ALUs 123 or 125 
is selected for use in processing that instruction. Whether 
one of the full capability adders 89 or 91, and their respec 
tive access to the ports of the data cache memory 13, are 
required, depends on Whether an operand to be used by a 
selected ALU is to come from the memory 13. In many 
cases, hoWever, the operands used by the selected ALU Will 
come from the instruction itself, and/or the registers 39. In 
this latter case, the instruction reaches the ALU through the 
latches 119 and 121 Without using either of the adders 89 or 
91. 

[0045] Another example is an instruction for a move of 
data, in Which case the move unit 127 is selected in the EX 
stage, if available, thereby leaving the full capability ALUs 
123 and 125 for execution of other instructions at the same 
time. If the instruction calls for a move to be made betWeen 
tWo of the registers 39, then the control unit 87 causes the 
instruction to be sent directly to the move unit 127 through 
the registers 119 and 121. HoWever, if the instruction 
requires that data be moved out of the data memory 13, then 
one of the adders 89 or 91, With its access to the memory 
interfaces 111 and 113, respectively, is used in order to 
provide that read data to the input of the move unit 127 
through the sWitch 133. In this case, the instruction ?oWs 
through one of the tWo major pipelines until data is read 
from the cache memory 13, at Which time that data is then 
given to the move unit 127 of the third, reduced capability 
pipeline. 
[0046] Similarly, if data is to be Written into the cache 
memory 13 as part of a move instruction, one of the tWo 
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Write back units 147 and 149 is utilized. The particular 
con?guration is set by the control unit 87 decoding the 
individual instructions and setting the sWitches appropri 
ately. Yet another example is the processing of a jump 
instruction, Which is processed almost entirely by the lesser 
capability adder 93. 

[0047] It Will be noted, as mentioned earlier, that the 
instructions are loaded into the latches 81, 83 and 85 in the 
order in Which they are to be executed. These instructions 
are then individually routed through the various stages by 
the control unit 87 setting the various sWitches, as described. 
Alternatively, the control unit 87 could cause these instruc 
tions to be loaded into the latches 81, 83 and 85 in a different 
order consistent With their resource requirements, and elimi 
nate at least the sWitches 101, 103 and 105, and probably 
simplifying others. HoWever, this makes it very hard to keep 
track of the order of the instructions being executed. The 
architecture described With respect to FIG. 2 provides the 
maximum ?exibility in customiZing the individual pipeline 
resources to the requirements of the instructions. 

[0048] The embodiment of a three pipeline microproces 
sor conceptually described in FIG. 2 is given in more detail 
With respect to FIGS. 3-7. An overvieW of that implemen 
tation is given in FIG. 3. The stages of the pipeline include 
initial instruction decode (ID) and instruction issue (IS) 
stages that are common to each of the three parallel pipe 
lines. A set of three instructions is provided through circuits 
151, 153 and 155 to an address generation (AG) stage. The 
AG stage also receives data read from one or more of the 
registers 39 if so designated by an instruction being pro 
cessed. Outputs 157-164 of the AG stage are applied to the 
operand fetch (OF) stage Which in turn provides any read 
operands, instructions and other data to an execution stage 
(EX) through circuits 167-174. The execution stage also 
receives data from one or more of the registers 39 if 
designated by an instruction being processed. The results of 
the processing of each set of three instructions is provided at 
circuits 177, 179 and 181 to the Write back (WB) stages. The 
EX stage also has an output Which is a jump instruction that 
is applied back to the instruction fetch block 17. The WB 
stages cause the results of the instruction processing to either 
be Written back to the cache memory 13 through circuits 187 
or 189, or sent as a jump instruction through circuit 185 back 
to the instruction fetch block 17, or some combination of 
these possibilities among the three instructions that have 
been processed. The results of the instruction processing of 
the EX stage could be Written back to one or more of the 
registers 39 in the WB stage but the implementation being 
described Writes to the registers 39 in the EX stage. 

[0049] Further details of the structure and operation of the 
cache memories 11 and 13 in the processor of FIG. 3 are 
given in copending patent applications Ser. Nos. 09/100,551 
and 09/100,846, both ?led Jun. 19, 1998, Which applications 
are expressly incorporated herein in their entirety by this 
reference. 

[0050] Referring to FIGS. 4, 5A and 5B, the instruction 
decode (ID) stage of the FIG. 3 microprocessor is given in 
more detail. Instructions are serially read from the instruc 
tion cache 11 and into a queue register 201. The system 
being described provides for the instructions having a vari 
able number of bytes, depending primarily upon Whether 
and individual instructions includes one or more bytes of 
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address and/or one or more bytes of operand. It is therefore 
necessary to separate the steady stream of bytes into indi 
vidual instructions. This is accomplished by tagging the 
bytes Within the queue register 201 and then decoding the 
stream of bytes by decoding circuitry 201 in order to group 
the bytes of each instruction together as a unit. An output 
205 of the decoding circuitry 203 carries the bytes of 
individually identi?ed instructions to the next pipeline stage. 

[0051] FIGS. 5A and 5B illustrate hoW this level of 
decoding is accomplished. One or more bytes of instruction 
207 is inputted at a time into one end of a logically de?ned 
shift register 201 from the instruction cache memory 11. The 
instruction bytes are read out of the shift register 201, one or 
more bytes 209 at a time. As instruction bytes are read out 
of the register 201, other bytes in it are shifted up through 
the register and neW ones added to the bottom from the 
instruction cache 11. The register 201 in FIG. 5A is shoWn 
to have a Width suf?cient to contain a Word illustrated in 
FIG. 5B that includes a byte 211 of instructions, a validity 
bit 213 and several control bits 215. The control bits 215 
identify the ?rst byte of each instruction and designate the 
number of bytes in the instruction. As these bytes are 
individual read out of the register 201, the decoder 203 
identi?es the beginning and ending byte of each instruction. 

[0052] Various speci?c alternative structures of the queue 
register 201, and their operation, are given in copending 
patent application entitled “Improved Instruction Buffering 
Mechanism,” of Kenneth K Munson et al., ?led Sep. 4, 
1998, Which application is incorporated herein in its entirety 
by this reference. 

[0053] These instructions are then arranged by the instruc 
tion issue (IS) stage in their order of execution. ShoWn in the 
IS stage of FIG. 4 are six latches 217-222, each of Which is 
capable of storing the maximum number of bytes forming 
any instruction that is expected to be received by the stage. 
The three latches 217-219 present one set of three decoded 
instructions at a time to respective circuits 151, 153 and 155. 
Rather than loading the three latches 217-219 directly from 
the instruction decoder 203, instructions are ?rst loaded into 
the latches 220-222 and then individually moved up into the 
latches 217-219 as instructions are sent from the latches 
217-219 out along the remaining stages of the pipeline. This 
shifting of instructions upWard among the latches 217-222 
as instructions are moved out of the latches 217-219 is 
accomplished by a set of multiplexers 225-229. 

[0054] Although it is a goal to send a set of three instruc 
tions each cycle from all of the latches 217-219 along the 
pipeline, there Will be situations Where one or tWo instruc 
tions of a set may be held and sent doWn the pipeline in the 
next cycle. Thus, for example, if only one instruction in the 
latch 217 is sent doWn the pipeline in one cycle, the 
instructions in each of the remaining 218-222 are moved 
upWard as part of that same cycle in order to reside in the 
latches 217-221, respectively. AneW set of three instructions 
is then readied for entry into the next stage of the pipelines. 
Another instruction is then loaded into the noW empty latch 
222 through the circuit 205. In a case Where all three 
instructions in the latches 217-219 are sent doWn the pipe 
line in a single cycle, the instructions residing in the remain 
ing latches 220-222 are then moved up into the respective 
latches 217-219 in position to be sent doWn the pipeline 
during the next cycle. 














