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(57) ABSTRACT 

A reorder buffer is con?gured into multiple lines of storage, 
Wherein a line of storage includes suf?cient storage for 
instruction results regarding a prede?ned maximum number 
of concurrently dispatchable instructions. Aline of storage is 
allocated Whenever one or more instructions are dispatched. 

A microprocessor employing the reorder buffer is also 
con?gured With ?xed, symmetrical issue positions. The 
symmetrical nature of the issue positions may increase the 
average number of instructions to be concurrently dis 
patched and executed by the microprocessor. The average 
number of unused locations Within the line decreases as the 
average number of concurrently dispatched instructions 
increases. One particular implementation of the reorder 
buffer includes a future ?le. The future ?le comprises a 
storage location corresponding to each register Within the 
microprocessor. The reorder buffer tag (or instruction result, 
if the instruction has executed) of the last instruction in 
program order to update the register is stored in the future 
?le. The reorder buffer provides the value (either reorder 
buffer tag or instruction result) stored in the storage location 
corresponding to a register When the register is used as a 
source operand for another instruction. Another advantage 
of the future ?le for microprocessors Which alloW access and 
update to portions of registers is that narroW-to-Wide depen 
dencies are resolved upon completion of the instruction 

G06F 15/76 Which updates the narroWer register. 
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LINE-ORIENTED REORDER BUFFER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of 
copending patent application Ser. No. 08/377,843 ?led Jan. 
25, 1995 and copending patent application Ser. No. 08/476, 
879 ?led Jun. 7, 1995. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention is related to the ?eld of superscalar 
microprocessors and, more particularly, to reorder buffers 
Within superscalar microprocessors. 

[0004] 2. Description of the Relevant Art 

[0005] Superscalar microprocessors achieve high perfor 
mance by executing multiple instructions per clock cycle 
and by choosing the shortest possible clock cycle consistent 
With the design. As used herein, the term “clock cycle” refers 
to an interval of time accorded to various stages of an 
instruction processing pipeline Within the microprocessor. 
Storage devices (eg registers and arrays) capture their 
values according to the clock cycle. For example, a storage 
device may capture a value according to a rising or falling 
edge of a clock signal de?ning the clock cycle. The storage 
device then stores the value until the subsequent rising or 
falling edge of the clock signal, respectively. The term 
“instruction processing pipeline” is used herein to refer to 
the logic circuits employed to process instructions in a 
pipelined fashion. Although the pipeline may be divided into 
any number of stages at Which portions of instruction 
processing are performed, instruction processing generally 
comprises fetching the instruction, decoding the instruction, 
executing the instruction, and storing the execution results in 
the destination identi?ed by the instruction. 

[0006] In order to increase performance, superscalar 
microprocessors often employ out of order execution. The 
instructions Within a program are ordered, such that a ?rst 
instruction is intended to be executed before a second 
instruction, etc. When the instructions are executed in the 
order speci?ed, the intended functionality of the program is 
realiZed. HoWever, instructions may be executed in any 
order as long as the original functionality is maintained. For 
example, a second instruction Which does not depend upon 
a ?rst instruction may be executed prior to the ?rst instruc 
tion, even if the ?rst instruction is prior to the second 
instruction in program order. A second instruction depends 
upon a ?rst instruction if a result produced by the ?rst 
instruction is employed as an operand of the second instruc 
tion. The second instruction is said to have a dependency 
upon the ?rst instruction. 

[0007] Another haZard of out of order execution occurs 
When tWo instructions update the same destination storage 
location. If the instruction Which is second in the original 
program sequence executes ?rst, then that instruction must 
not update the destination until the ?rst instruction has 
executed. Often, superscalar microprocessors employ a reor 
der buffer in order to correctly handle dependency checking 
and multiple updates to a destination, among other things. 
Instructions are stored into the reorder buffer in program 
order, typically as the instructions are dispatched to execu 
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tion units (perhaps being stored in reservation stations 
associated thereWith). The results of the instructions are 
stored into the destinations from the reorder buffer in pro 
gram order. HoWever, results may be provided to the reorder 
buffer in any order. The reorder buffer stores each result With 
the instruction Which generated the result until that instruc 
tion is selected for storing its result into the destination. 

[0008] A reorder buffer is con?gured to store a ?nite 
number of instructions, de?ning a maximum number of 
instructions Which may be concurrently outstanding Within 
the superscalar microprocessor. Generally speaking, out of 
order execution occurs more frequently as the ?nite number 
is increased. For example, the execution of an instruction 
Which is foremost Within the reorder buffer in program order 
may be delayed. Instructions subsequently dispatched into 
the reorder buffer Which are not dependent upon the delayed 
instruction may execute and store results in the buffer. Out 
of order execution may continue until the reorder buffer 
becomes full, at Which point dispatch is suspended until 
instructions are deleted from the reorder buffer. Therefore, a 
larger number of storage locations Within the reorder buffer 
generally leads to increased performance by alloWing more 
instructions to be outstanding before instruction dispatch 
(and out of order execution) stalls. 

[0009] Unfortunately, larger reorder buffers complicate 
dependency checking. One or more source operands of an 
instruction to be dispatched may be destination operands of 
outstanding instructions Within the reorder buffer. As used 
herein, a source operand of an instruction is a value to be 
operated upon by the instruction in order to produce a result. 
Conversely, a destination operand is the result of the instruc 
tion. Source and destination operands of an instruction are 
generally referred to as operand information. An instruction 
speci?es the location storing the source operands and the 
location in Which to store the destination operand. An 
operand may be stored in a register (a “register operand”) or 
a memory location (a “memory operand”). As used herein, 
a register is a storage location included Within the micro 
processor Which is used to store instruction results. Registers 
may be speci?ed as source or destination storage locations 
for an instruction. 

[0010] The locations from Which to retrieve source oper 
ands for an instruction to be dispatched are compared to the 
locations designated for storing destination operands of 
instructions stored Within the reorder buffer. If a dependency 
is detected and the corresponding instruction has executed, 
the result stored in the reorder buffer may be forWarded for 
use by the dispatching instruction. If the instruction has not 
yet executed, a tag identifying the instruction may be 
forWarded such that the result may be provided When the 
instruction is executed. 

[0011] When the number of instructions storable in the 
reorder buffer is large, the number of comparisons for 
performing dependency checking is also large. Generally 
speaking, the total number of comparisons Which must be 
provided for is the number of possible operands of an 
instruction multiplied by the number of instructions Which 
may be concurrently dispatched, further multiplied by the 
number of instructions Which may be stored in the reorder 
buffer. Additionally, more than one destination operand 
Within the reorder buffer may be stored Within the storage 
location indicated for a source operand. Circuitry is there 
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fore employed to detect the last of the destination operands 
indicated by the comparisons, in order to correctly detect the 
dependency (i.e. the instruction Which stores a result into a 
storage location used for a source operand and Which is 
nearest to the dispatching instruction in program order is the 
instruction upon Which the dispatching instruction depends). 
It is desirable to reduce the complexity of dependency 
checking for reorder buffers. 

[0012] Still further, reorder buffers typically allocate a 
storage location for each instruction dispatched during a 
particular clock cycle. The number of storage locations 
allocated varies from clock cycle to clock cycle depending 
upon the number of instructions dispatched. Additionally, a 
variable number of instructions may be retired from the 
reorder buffer. Logic for allocating and deallocating storage 
locations is complicated by the variable nature of storage 
access, creating a larger and typically sloWer control unit 
used in the reorder buffer. A faster, simpler method for 
allocating reorder buffer storage is desired. 

SUMMARY OF THE INVENTION 

[0013] The problems outlined above are in large part 
solved by a reorder buffer in accordance With the present 
invention. The reorder buffer is con?gured into multiple 
lines of storage, Wherein a line of storage includes suf?cient 
storage for instruction results and information regarding a 
prede?ned maximum number of concurrently dispatchable 
instructions. A line of storage is allocated Whenever one or 
more instructions are dispatched. Advantageously, the 
amount of storage allocated is constant. Therefore, storage 
allocation logic depends only upon Whether or not instruc 
tions are dispatched during a clock cycle. In particular, 
allocation logic is independent of the number of instructions 
dispatched during a clock cycle. Allocation logic may 
thereby be simpli?ed, alloWing for higher frequency appli 
cations. 

[0014] Similarly, instructions are retired from the reorder 
buffer after each of the instructions Within a line of storage 
have provided results. The instructions Within the line are 
retired simultaneously. Therefore, the amount of storage 
deallocated during a clock cycle is dependent only upon 
Whether or not instructions are retired during the clock cycle, 
not upon the number of instructions retired. Advantageously, 
storage deallocation logic may be simpli?ed as Well. 

[0015] In one embodiment, a microprocessor employing 
the reorder buffer is also con?gured With ?xed, symmetrical 
issue positions. The symmetrical nature of the issue posi 
tions may increase the average number of instructions to be 
concurrently dispatched and executed by the microproces 
sor. Since the issue positions are symmetrical, any random 
group of instructions executable by the issue positions may 
be dispatched to the issue positions. In contrast, asymmetri 
cal issue positions may impose additional restrictions upon 
the concurrent dispatch and execution of instructions. 
Increasing the average number of concurrently dispatched 
instructions may be particularly bene?cial When employed 
With the line-oriented reorder buffer, since a line of storage 
is allocated regardless of the number of instructions dis 
patched. The average number of unused locations Within the 
line decreases as the average number of concurrently dis 
patched instructions increases. 

[0016] One particular implementation of the reorder buffer 
includes a future ?le for reducing dependency checking 
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complexity. The future ?le replaces the large block of 
comparators and prioritiZation logic ordinarily employed by 
reorder buffers for dependency checking. The future ?le 
includes a storage location corresponding to each register 
Within the microprocessor. The reorder buffer tag (or instruc 
tion result, if the instruction has executed) of the last 
instruction in program order to update the register is stored 
in the future ?le. The reorder buffer provides the value 
(either reorder buffer tag or instruction result) stored in the 
storage location corresponding to a register When the reg 
ister is used as a source operand for another instruction. 

[0017] Another advantage of the future ?le for micropro 
cessors Which alloW access and update to portions of reg 
isters is that narroW-to-Wide dependencies are resolved upon 
completion of the instruction Which updates the narroWer 
register. Previously, the instruction Which updates the nar 
roWer register might typically be retired prior to resolving 
the narroW-to-Wide dependency. Generally, instruction 
retirement occurs subsequent to completion of the instruc 
tion. Performance of the microprocessor may be increased 
due to the earlier resolution of the narroW-to-Wide depen 
dencies. 

[0018] Broadly speaking, the present invention contem 
plates a reorder buffer comprising an instruction storage and 
a ?rst control unit. The instruction storage includes multiple 
lines of storage, Wherein each of the lines of storage is 
con?gured to store a prede?ned maximum number of 
instructions concurrently receivable by the reorder buffer. 
Coupled to the instruction storage, the ?rst control unit is 
con?gured to allocate one of the lines of storage to one or 
more concurrently received instructions. One of the lines of 
storage is allocated regardless of a number of the concur 
rently received instructions. 

[0019] The present invention further contemplates an 
apparatus for reordering instructions Which Were executed 
out of order, comprising a ?rst decode unit, a second decode 
unit, and a reorder buffer. The ?rst decode unit is con?gured 
to decode and dispatch a ?rst instruction. Similarly, the 
second decode unit is con?gured to decode and dispatch a 
second instruction concurrent With the ?rst instruction. 
Coupled to both the ?rst decode unit and the second decode 
unit, the reorder buffer is con?gured to allocate a line of 
storage to store instruction results corresponding to the ?rst 
instruction and the second instruction upon dispatch of the 
?rst instruction and the second instruction. The line of 
storage is con?gured to store a maximum number of con 
currently dispatchable instructions and is allocated regard 
less of a number of concurrently dispatched instructions 
provided at least one instruction is dispatched. 

[0020] The present invention still further contemplates a 
method for operating a reorder buffer. Up to a prede?ned 
maximum number of concurrently dispatched instructions 
are received into the reorder buffer. Upon receipt of the 
concurrently dispatched instructions, a ?xed amount of 
storage is allocated for instruction results. The ?xed amount 
of storage is suf?cient to store the maximum number of 
concurrently dispatched instructions regardless of a number 
of concurrently dispatched instructions. The ?xed amount of 
storage is subsequently deallocated upon receipt of an 
instruction result corresponding to each of the concurrently 
dispatched instructions. 
[0021] The present invention additionally contemplates a 
method for ordering instructions in a microprocessor 
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employing out of order execution. Up to a maximum number 
of instructions are concurrently dispatched. Aline of storage 
is allocated Within a reorder buffer for storing instruction 
results corresponding to the instructions Which are concur 
rently dispatched. The line of storage is con?gured to store 
a number of instruction results equal to the maximum 
number of instructions. The instructions are executed in a 
plurality of functional units. Upon execution, corresponding 
instruction results are provided to the reorder buffer. The line 
of storage is deallocated When each of the corresponding 
instruction results Within the line of storage have been 
provided. 
[0022] The present invention also contemplates a super 
scalar microprocessor comprising a plurality of ?xed, sym 
metrical issue positions and a reorder buffer. The plurality of 
?xed, symmetrical issue positions is coupled to receive 
instructions. An instruction received by one of the plurality 
of issue positions remains Within that one of the plurality of 
issue positions until the instruction is executed therein. 
Coupled to receive operand information regarding a plural 
ity of concurrently dispatched instructions from the plurality 
of ?xed, symmetrical issue positions, the reorder buffer is 
con?gured to allocate storage for instruction results corre 
sponding to the plurality of concurrently dispatched instruc 
tions. 

[0023] Furthermore, the present invention contemplates a 
superscalar microprocessor comprising a ?rst and second 
decode unit, a ?rst and second reservation station, and a 
reorder buffer. The ?rst decode unit is con?gured to decode 
a ?rst instruction. Similarly, the second decode unit is 
con?gured to decode a second instruction concurrently With 
the ?rst decode unit decoding the ?rst instruction. Coupled 
to receive the ?rst instruction from the ?rst decode unit, the 
?rst reservation station is con?gured to store the ?rst instruc 
tion until the ?rst instruction is executed. Likewise, the 
second reservation station is coupled to receive the second 
instruction from the second decode unit and to store the 
second instruction until the second instruction is executed. 
The reorder buffer is coupled to the ?rst decode unit and the 
second decode unit, and receives an indication of the ?rst 
instruction and the second instruction from the ?rst decode 
unit and the second decode unit, respectively. Additionally, 
the reorder buffer is con?gured to allocate a line of storage 
to store a ?rst instruction result corresponding to the ?rst 
instruction and a second instruction result corresponding to 
the second instruction. The line of storage comprises a ?xed 
amount of storage capable of storing instruction results 
corresponding to a maximum number of concurrently dis 
patchable instructions. 

[0024] Moreover, the present invention contemplates a 
reorder buffer comprising an instruction storage, a future 
?le, and a control unit. The instruction storage is con?gured 
to store instruction results corresponding to instructions. The 
instruction results are stored in lines of storage, Wherein a 
line of storage is con?gured to store instruction results 
corresponding to a maximum number of concurrently dis 
patchable instructions. A ?rst line of storage is allocated 
upon dispatch of at least one instruction regardless of a 
number of instructions concurrently dispatched. The future 
?le is con?gured to store a reorder buffer tag corresponding 
to a particular instruction. The particular instruction is last, 
in program order, of the instructions represented Within the 
instruction storage having a particular register as a destina 
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tion operand. Additionally, the future ?le is further con?g 
ured to store a particular instruction result corresponding to 
the particular instruction When the particular instruction 
result is provided. Coupled to the instruction storage and the 
future ?le, the control unit is con?gured to allocate the ?rst 
line of storage for at least one instruction. Still further, the 
control unit is con?gured to update the future ?le if the 
instruction has the particular register as a destination oper 
and. 

[0025] The present invention yet further contemplates a 
reorder buffer comprising a future ?le, an instruction stor 
age, and a control unit. The future ?le has a storage location 
for each register implemented by a microprocessor employ 
ing the reorder buffer. The storage location is divided into a 
?rst portion and a second portion, corresponding to a ?rst 
portion and a second portion of the register, respectively. 
Each of the ?rst and second portions of the storage location 
is con?gured to store a reorder buffer tag of an instruction 
Which updates the corresponding portion the register. Addi 
tionally, each of the ?rst and second portions of the storage 
location is con?gured to store data corresponding to an 
instruction result of the instruction identi?ed by the reorder 
buffer tag, Wherein the data replaces the reorder buffer tag 
When the data is provided. The instruction storage is con 
?gured to store instruction results corresponding to multiple 
instructions outstanding Within the microprocessor. Coupled 
to the future ?le and the instruction storage, the control unit 
is con?gured to allocate storage Within the instruction stor 
age upon dispatch of at least one instruction. Still further, the 
control unit is con?gured to store a ?rst reorder buffer tag 
into the ?rst portion of the storage location if at least one 
instruction updates the ?rst portion of the register. Similarly, 
the control unit is further con?gured to store the ?rst reorder 
buffer tag into the second portion of the storage location if 
at least one instruction updates the second portion of the 
register. 
[0026] The present invention additionally contemplates a 
microprocessor comprising a reorder buffer and a register 
?le. The reorder buffer includes a future ?le having a storage 
location for each register implemented by the microproces 
sor. The storage location is divided into a ?rst portion and a 
second portion, Wherein the ?rst portion of the storage 
location corresponds to a ?rst portion of the register and the 
second portion of the storage location corresponds to a 
second portion of the register. Each of the ?rst portion of the 
storage location and the second portion of the storage 
location is con?gured to store a reorder buffer tag of an 
instruction Which updates the ?rst portion of the register and 
the second portion of the register, respectively. Still further, 
each of the ?rst and second portions of the storage location 
is con?gured to store data corresponding to an instruction 
result of the instruction identi?ed by the reorder buffer tag, 
respectively. The data replaces the reorder buffer tag When 
the data is provided. Coupled to the reorder buffer, the 
register ?le is con?gured to store a plurality of values 
corresponding to the registers implemented by the micro 
processor. The reorder buffer updates the register ?le upon 
retirement of the instruction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Other objects and advantages of the invention Will 
become apparent upon reading the folloWing detailed 
description and upon reference to the accompanying draW 
ings in Which: 
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[0028] FIG. 1 is a block diagram of one embodiment of a 
microprocessor. 
[0029] FIG. 2 is a block diagram of one embodiment of 
tWo of the decode units shoWn in FIG. 1. 

[0030] FIG. 3 is a diagram highlighting interconnection 
betWeen a decode unit, a load/store unit, an MROM unit, a 
?oating point unit, a functional unit, a reservation station, 
and a register ?le shoWn in FIG. 1, according to one 
embodiment of the microprocessor. 

[0031] FIG. 4 is a block diagram of one embodiment of 
the reorder buffer shoWn in FIG. 1. 

[0032] FIG. 5 is a block diagram of a dispatch control unit 
and a FIFO buffer according to one embodiment of the 
reorder buffer shoWn in FIG. 4. 

[0033] FIG. 6 is an illustration of the result buses con 
nected to portions of a line of storage depicted in FIG. 5, 
according to one embodiment of a line of storage. 

[0034] FIG. 7 is a block diagram of a portion of the 
dependency checking logic employed by one embodiment of 
the reorder buffer shoWn in FIG. 4. 

[0035] FIG. 8 is a table of information stored for each 
instruction Within a line of storage according to one embodi 
ment of the reorder buffer shoWn in FIG. 4. 

[0036] FIG. 9 is a table of information shared by the 
instructions Within a line of storage according to one. 
embodiment of the reorder buffer shoWn in FIG. 4. 

[0037] FIG. 10 is a block diagram of a second embodi 
ment of the reorder buffer shoWn in FIG. 1, including a 
future ?le. 

[0038] FIG. 11 is a How chart illustrating update of the 
future ?le and the reorder buffer instruction storage shoWn 
in FIG. 10, according to one embodiment of the reorder 
buffer. 

[0039] FIG. 12 is a diagram illustrating one embodiment 
of a future ?le storage location. 

[0040] FIG. 13 is a block diagram of a computer system 
employing the microprocessor shoWn in FIG. 1. 

[0041] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof are shoWn by Way of example in the draWings and 
Will herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] Turning noW to FIG. 1, a block diagram of one 
embodiment of a microprocessor 10 is shoWn. Micropro 
cessor 10 includes a prefetch/predecode unit 12, a branch 
prediction unit 14, an instruction cache 16, an instruction 
alignment unit 18, a plurality of decode units 20A-20C, a 
plurality of reservation stations 22A-22C, a plurality of 
functional units 24A-24C, a load/store unit 26, a data cache 
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28, a register ?le 30, a reorder buffer 32, an MROM unit 34, 
and a ?oating point unit (FPU) 36. Elements referred to 
herein With a particular reference number folloWed by a 
letter Will be collectively referred to by the reference number 
alone. For example, decode units 20A-20C Will be collec 
tively referred to as decode units 20. 

[0043] Prefetch/predecode unit 12 is coupled to receive 
instructions from a main memory subsystem (not shoWn), 
and is further coupled to instruction cache 16 and branch 
prediction unit 14. Similarly, branch prediction unit 14 is 
coupled to instruction cache 16. Still further, branch predic 
tion unit 14 is coupled to decode units 20 and functional 
units 24. Instruction cache 16 is further coupled to MROM 
unit 34 and instruction alignment unit 18. Instruction align 
ment unit 18 is in turn coupled to decode units 20. Each 
decode unit 20A-20C is coupled to load/store unit 26 and to 
respective reservation stations 22A-22C. Reservation sta 
tions 22A-22C are further coupled to respective functional 
units 24A-24C. Additionally, decode units 20 and reserva 
tion stations 22 are coupled to register ?le 30 and reorder 
buffer 32. Functional units 24 are coupled to load/store unit 
26, register ?le 30, and reorder buffer 32 as Well. Data cache 
28 is coupled to load/store unit 26 and to the main memory 
subsystem. Finally, MROM unit 34 is coupled to decode 
units 20 and to FPU 36. 

[0044] Generally speaking, reorder buffer 32 allocates a 
line of storage to store instruction information and instruc 
tion results for one or more instructions Which are concur 

rently dispatched by microprocessor 10. The line of storage 
is su?icient for storing such information and results for a 
maximum number of concurrently dispatchable instructions 
Within microprocessor 10. The line of storage is allocated 
regardless of the number of instructions actually concur 
rently dispatched (as long as at least one instruction is 
dispatched). During subsequent clock cycles, different lines 
of storage are allocated to the subsequently dispatched 
instructions. Additionally, instructions Within a line of stor 
age are concurrently retired from reorder buffer 32 as Well. 
Advantageously, storage allocation Within reorder buffer 32 
is simpli?ed. A ?xed amount of storage is allocated each 
time instructions are dispatched, regardless of the number of 
instructions. Still further, a ?xed amount of storage is 
deallocated upon retirement of instructions. Allocation logic 
is thereby dependent only upon successful dispatch of one or 
more instructions, not upon the number of instructions 
concurrently dispatched. 
[0045] Microprocessor 10 employs a plurality of sym 
metrical issue positions for executing instructions dis 
patched by instruction alignment unit 18. The issue positions 
are symmetrical in that each issue position is con?gured to 
execute the same subset of the instruction set employed by 
microprocessor 10 as each other issue position. In one 
embodiment, each issue position is con?gured to execute the 
integer and branch instructions of the X86 microprocessor 
architecture. In one particular embodiment, each issue posi 
tion is con?gured to execute the fast path instructions. Other 
embodiments may de?ne other subsets for the symmetrical 
issue positions. Additionally, the issue positions are ?xed in 
that, once an instruction is provided to an issue position, that 
instruction remains Within that issue position until it is 
executed. 

[0046] In one speci?c implementation, reorder buffer 32 
employs a future ?le to simplify dependency checking. The 



US 2002/0007450 A1 

future ?le includes a storage location for each register 
employed by microprocessor 10. The storage location is 
updated upon dispatch of an instruction Which updates the 
register, and is further updated upon receipt of the instruc 
tion result corresponding to the instruction provided that a 
subsequent instruction is not dispatched Which updates the 
register. Upon dispatch, the reorder buffer tag identifying the 
instruction is stored into the future ?le. Upon receipt of the 
instruction result, that result is stored into the future ?le. 
Therefore, the future ?le contains information (either reor 
der buffer tag or instruction result) corresponding to the last 
instruction (in program order) to update the register. Advan 
tageously, the reorder buffer tag or register value Which is to 
be provided When the register is used as a source operand of 
an instruction may be read from the corresponding storage 
location Within the future ?le. It is noted that embodiments 
of reorder buffer 32 Which do not employ a future ?le are 
contemplated. 
[0047] In one embodiment of the future ?le, the storage 
location allocated to the register stores either the reorder 
buffer tag corresponding to the instruction Which updates the 
register or the corresponding instruction result. In other 
Words, the reorder buffer tag and register value overWrite 
each other Within the storage location. In the X86 micropro 
cessor architecture, an instruction may use a portion of a 
register for a source or destination operand. For example, the 
EAX register is 32 bits. HoWever, the least signi?cant 16 bits 
of the EAX register may be accessed as the AX register. 
Additionally, the most signi?cant 8 bits of the AX register 
may be accessed as the AH register and the least signi?cant 
eight bits of the AX register may be accessed as the AL 
register. Therefore, multiple instructions may be outstanding 
Which update different portions of the register. For such an 
embodiment, the future ?le storage location is con?gured to 
store multiple tags or the corresponding data. When an 
instruction uses a portion of the register as a source operand, 
the reorder buffer tag of the last instruction Which updates 
that portion of the register is provided. Alternatively, if the 
instruction has been eXecuted and has produced a result, the 
result is provided for that portion of the register. 

[0048] Instruction cache 16 is a high speed cache memory 
provided to store instructions. Instructions are fetched from 
instruction cache 16 and dispatched to decode units 20. In 
one embodiment, instruction cache 16 is con?gured to store 
up to 32 kilobytes of instructions in an 8 Way set associative 
structure having 32 byte lines (a byte comprises 8 binary 
bits). Instruction cache 16 may additionally employ a Way 
prediction scheme in order to speed access times to the 
instruction cache. Instead of accessing tags identifying each 
line of instructions and comparing the tags to the fetch 
address to select a Way, instruction cache 16 predicts the Way 
that is accessed. In this manner, the Way is selected prior to 
accessing the instruction storage. The access time of instruc 
tion cache 16 may be similar to a direct-mapped cache. Atag 
comparison is performed and, if the Way prediction is 
incorrect, the correct instructions are fetched and the incor 
rect instructions are discarded. It is noted that instruction 
cache 16 may be implemented as a fully associative, set 
associative, or direct mapped con?guration. 

[0049] Instructions are fetched from main memory and 
stored into instruction cache 16 by prefetch/predecode unit 
12. Instructions may be prefetched prior to instruction cache 
16 recording a miss for the instructions in accordance With 
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a prefetch scheme. A variety of prefetch schemes may be 
employed by prefetch/predecode unit 12. As prefetch/pre 
decode unit 12 transfers instructions from main memory to 
instruction cache 16, prefetch/predecode unit 12 generates 
three predecode bits for each byte of the instructions: a start 
bit, an end bit, and a functional bit. The predecode bits form 
tags indicative of the boundaries of each instruction. The 
predecode tags may also convey additional information such 
as Whether a given instruction can be decoded directly by 
decode units 20 or Whether the instruction is executed by 
invoking a microcode procedure controlled by MROM unit 
34, as Will be described in greater detail beloW. Still further, 
prefetch/predecode unit 12 may be con?gured to detect 
branch instructions and to store branch prediction informa 
tion corresponding to the branch instructions into branch 
prediction unit 14. 

[0050] One encoding of the predecode tags for an embodi 
ment of microprocessor 10 employing the X86 instruction set 
Will neXt be described. If a given byte is the ?rst byte of an 
instruction, the start bit for that byte is set. If the byte is the 
last byte of an instruction, the end bit for that byte is set. 
Instructions Which may be directly decoded by decode units 
20 are referred to as “fast path” instructions. The remaining 
X86 instructions are referred to as MROM instructions, 
according to one embodiment. For fast path instructions, the 
functional bit is set for each pre?X byte included in the 
instruction, and cleared for other bytes. Alternatively, for 
MROM instructions, the functional bit is cleared for each 
pre?X byte and set for other bytes. The type of instruction 
may be determined by eXamining the functional bit corre 
sponding to the end byte. If that functional bit is clear, the 
instruction is a fast path instruction. Conversely, if that 
functional bit is set, the instruction is an MROM instruction. 
The opcode of an instruction may thereby be located Within 
an instruction Which may be directly decoded by decode 
units 20 as the byte associated With the ?rst clear functional 
bit in the instruction. For eXample, a fast path instruction 
including tWo pre?X bytes, a Mod R/M byte, and an SIB byte 
Would have start, end, and functional bits as folloWs: 

Start bits 10000 
End bits 00001 
Functional bits 11000 

[0051] MROM instructions are instructions Which are 
determined to be too compleX for decode by decode units 20. 
MROM instructions are eXecuted by invoking MROM unit 
34. More speci?cally, When an MROM instruction is 
encountered, MROM unit 34 parses and issues the instruc 
tion into a subset of de?ned fast path instructions to effec 
tuate the desired operation. MROM unit 34 dispatches the 
subset of fast path instructions to decode units 20. A listing 
of eXemplary X86 instructions categoriZed as fast path 
instructions Will be provided further beloW. 

[0052] Microprocessor 10 employs branch prediction in 
order to speculatively fetch instructions subsequent to con 
ditional branch instructions. Branch prediction unit 14 is 
included to perform branch prediction operations. In one 
embodiment, up to tWo branch target addresses are stored 
With respect to each cache line in instruction cache 16. 
Prefetch/predecode unit 12 determines initial branch targets 
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When a particular line is predecoded. Subsequent updates to 
the branch targets corresponding to a cache line may occur 
due to the execution of instructions Within the cache line. 
Instruction cache 16 provides an indication of the instruction 
address being fetched, so that branch prediction unit 14 may 
determine Which branch target addresses to select for form 
ing a branch prediction. Decode units 20 and functional units 
24 provide update information to branch prediction unit 14. 
Because branch prediction unit 14 stores tWo targets per 
cache line, some branch instructions Within the line may not 
be stored in branch prediction unit 14. Decode units 20 
detect branch instructions Which Were not predicted by 
branch prediction unit 14. Functional units 24 execute the 
branch instructions and determine if the predicted branch 
direction is incorrect. The branch direction may be “taken”, 
in Which subsequent instructions are fetched from the target 
address of the branch instruction. Conversely, the branch 
direction may be “not taken”, in Which subsequent instruc 
tions are fetched from memory locations consecutive to the 
branch instruction. When a mispredicted branch instruction 
is detected, instructions subsequent to the mispredicted 
branch are discarded from the various units of microproces 
sor 10. A variety of suitable branch prediction algorithms 
may be employed by branch prediction unit 14. 

[0053] Instructions fetched from instruction cache 16 are 
conveyed to instruction alignment unit 18. As instructions 
are fetched from instruction cache 16, the corresponding 
predecode data is scanned to provide information to instruc 
tion alignment unit 18 (and to MROM unit 34) regarding the 
instructions being fetched. Instruction alignment unit 18 
utiliZes the scanning data to align an instruction to each of 
decode units 20. In one embodiment, instruction alignment 
unit 18 aligns instructions from three sets of eight instruction 
bytes to decode units 20. Instructions are selected indepen 
dently from each set of eight instruction bytes into prelimi 
nary issue positions. The preliminary issue positions are then 
merged to a set of aligned issue positions corresponding to 
decode units 20, such that the aligned issue positions contain 
the three instructions Which are prior to other instructions 
Within the preliminary issue positions in program order. 
Decode unit 20A receives an instruction Which is prior to 
instructions concurrently received by decode units 20B and 
20C (in program order). Similarly, decode unit 2GB receives 
an instruction Which is prior to the instruction concurrently 
received by decode unit 20C in program order. 

[0054] Decode units 20 are con?gured to decode instruc 
tions received from instruction alignment unit 18. Register 
operand information is detected and routed to register ?le 30 
and reorder buffer 32. Additionally, if the instructions 
require one or more memory operations to be performed, 
decode units 20 dispatch the memory operations to load/ 
store unit 26. Each instruction is decoded into a set of control 
values for functional units 24, and these control values are 
dispatched to reservation stations 22 along With operand 
address information and displacement or immediate data 
Which may be included With the instruction. 

[0055] Microprocessor 10 supports out of order execution, 
and thus employs reorder buffer 32 to keep track of the 
original program sequence for register read and Write opera 
tions, to implement register renaming, to alloW for specu 
lative instruction execution and branch misprediction recov 
ery, and to facilitate precise exceptions. A temporary storage 
location Within reorder buffer 32 is reserved upon decode of 
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an instruction that involves the update of a register to 
thereby store speculative register states. If a branch predic 
tion is incorrect, the results of speculatively-executed 
instructions along the mispredicted path can be invalidated 
in the buffer before they are Written to register ?le 30. 
Similarly, if a particular instruction causes an exception, 
instructions subsequent to the particular instruction may be 
discarded. In this manner, exceptions are “precise” (i.e. 
instructions subsequent to the particular instruction causing 
the exception are not completed prior to the exception). It is 
noted that a particular instruction is speculatively executed 
if it is executed prior to instructions Which precede the 
particular instruction in program order. Preceding instruc 
tions may be a branch instruction or an exception-causing 
instruction, in Which case the speculative results may be 
discarded by reorder buffer 32. 

[0056] The instruction control values and immediate or 
displacement data provided at the outputs of decode units 20 
are routed directly to respective reservation stations 22. In 
one embodiment, each reservation station 22 is capable of 
holding instruction information (i.e., instruction control val 
ues as Well as operand values, operand tags and/or imme 
diate data) for up to three pending instructions aWaiting 
issue to the corresponding functional unit. It is noted that for 
the embodiment of FIG. 1, each reservation station 22 is 
associated With a dedicated functional unit 24. Accordingly, 
three dedicated “issue positions” are formed by reservation 
stations 22 and functional units 24. In other Words, issue 
position 0 is formed by reservation station 22A and func 
tional unit 24A. Instructions aligned and dispatched to 
reservation station 22A are executed by functional unit 24A. 
Similarly, issue position 1 is formed by reservation station 
22B and functional unit 24B; and issue position 2 is formed 
by reservation station 22C and functional unit 24C. Gener 
ally speaking, an issue position refers to a block of circuitry 
con?gured to properly execute an instruction. An issue 
position receives an instruction and executes that instruction 
Within the issue position. 

[0057] Upon decode of a particular instruction, if a 
required operand is a register location, register address 
information is routed to reorder buffer 32 and register ?le 30 
simultaneously. Those of skill in the art Will appreciate that 
the x86 register ?le includes eight 32 bit real registers (i.e., 
typically referred to as EAX, EBX, ECX, EDX, EBP, ESI, 
EDI and ESP). In embodiments of microprocessor 10 Which 
employ the x86 microprocessor architecture, register ?le 30 
comprises storage locations for each of the 32 bit real 
registers. Additional storage locations may be included 
Within register ?le 30 for use by MROM unit 34. Reorder 
buffer 32 contains temporary storage locations for results 
Which change the contents of these registers to thereby alloW 
out of order execution. A temporary storage location of 
reorder buffer 32 is reserved for each instruction Which, 
upon decode, is determined to modify the contents of one of 
the real registers. Therefore, at various points during execu 
tion of a particular program, reorder buffer 32 may have one 
or more locations Which contain the speculatively executed 
contents of a given register. If folloWing decode of a given 
instruction it is determined that reorder buffer 32 has a 
previous location or locations assigned to a register used as 
an operand in the given instruction, the reorder buffer 32 
forWards to the corresponding reservation station either: 1) 
the value in the most recently assigned location, or 2) a tag 
for the most recently assigned location if the value has not 






























