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SYSTEMS, APPARATUSES, AND METHODS FOR EXTRACTING A WRITEMASK
FROM A REGISTER

FIELD OF INVENTION

[0001] The field of invention relates generally to computer processor architecture, and, more

specifically, to instructions which when executed cause a particular result.

BACKGROUND

[0002] An instruction set, or instruction set architecture (ISA), isthe part of the computer
architecture related to programming, and may include the native data types, instructions, register
architecture, addressing modes, memory architecture, interrupt and exception handling, and
external input and output (1/0). The term instruction generally refers herein to macro-
instructions - that isinstructions that are provided to the processor (or instruction converter that
trandates (e.g., using static binary translation, dynamic binary translation including dynamic
compilation), morphs, emulates, or otherwise converts an instruction to one or more other
instructions to be processed by the processor) for execution - as opposed to micro-instructions or
micro-operations (micro-ops) - that isthe result of aprocessor's decoder decoding macro-
instructions.

[0003] The ISA isdistinguished from the microarchitecture, which isthe internal design of
the processor implementing the instruction set. Processors with different microarchitectures can
share acommon instruction set. For example, Intel® Pentium 4 processors, Intel® Core™
processors, and processors from Advanced Micro Devices, Inc. of Sunnyvale CA implement
nearly identical versions of the x86 instruction set (with some extensions that have been added
with newer versions), but have different internal designs. For example, the same register
architecture of the ISA may be implemented in different ways in different microarchitectures
using well-known techniques, including dedicated physical registers, one or more dynamically
alocated physical registers using aregister renaming mechanism (e.g., the use of a Register
Alias Table (RAT), aReorder Buffer (ROB), and aretirement register file; the use of multiple
maps and apool of registers), etc. Unless otherwise specified, the phrases register architecture,
register file, and register are used herein to refer to that which isvisible to the

software/programmer and the manner in which instructions specify registers. Where a
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specificity is desired, the adjective logical, architectural, or software visible will be used to
indicate registers/files in the register architecture, while different adjectives will be used to
designation registers in agiven microarchitecture (e.g., physical register, reorder buffer,
retirement register, register pool).

[0004] An instruction set includes one or more instruction formats. A given instruction
format defines various fields (number of bits, location of bits) to specify, among other things, the
operation to be performed (opcode) and the operand(s) on which that operation isto be
performed. Some instruction formats are further broken down though the definition of
instruction templates (or subformats). For example, the instruction templates of agiven
instruction format may be defined to have different subsets of the instruction format's fields (the
included fields are typically in the same order, but at least some have different bit positions
because there are less fields included) and/or defined to have agiven field interpreted differently.
Thus, each instruction of an ISA is expressed using agiven instruction format (and, if defined, in
agiven one of the instruction templates of that instruction format) and includes fields for
specifying the operation and the operands. For example, an exemplary ADD instruction has a
specific opcode and an instruction format that includes an opcode field to specify that opcode
and operand fields to select operands (sourcel/destination and source2); and an occurrence of
this ADD instruction in an instruction stream will have specific contents in the operand fields
that select specific operands.

[0005] Scientific, financial, auto-vectorized general purpose, RMS (recognition, mining, and
synthesis), and visual and multimedia applications (e.g., 2D/3D graphics, image processing,
video compression/decompression, voice recognition algorithms and audio manipulation) often
require the same operation to be performed on alarge number of data items (referred to as "data
parallelism"). Single Instruction Multiple Data (SIMD) refers to atype of instruction that causes
aprocessor to perform an operation on multiple dataitems. SIMD technology is especially
suited to processors that can logically divide the bits in aregister into anumber of fixed-sized
data elements, each of which represents a separate value. For example, the bits in a 256-bit
register may be specified as a source operand to be operated on asfour separate 64-bit packed
data elements (quad-word (Q) size data elements), eight separate 32-bit packed data elements
(double word (D) size data elements), sixteen separate 16-bit packed data elements (word (W)
size data elements), or thirty-two separate 8-bit data elements (byte (B) size data elements). This
type of data isreferred to as packed data type or vector data type, and operands of this data type
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are referred to as packed data operands or vector operands. In other words, apacked dataitem or
vector refers to a sequence of packed data elements, and a packed data operand or a vector
operand is a source or destination operand of a SIMD instruction (also known as a packed data
instruction or avector instruction).

[0006] By way of example, one type of SIMD instruction specifies a single vector operation
to be performed on two source vector operands in avertical fashion to generate a destination
vector operand (also referred to as aresult vector operand) of the same size, with the same
number of data e ements, and in the same data element order. The data elements in the source
vector operands are referred to as source data elements, while the data elements in the
destination vector operand are referred to adestination or result data elements. These source
vector operands are of the same size and contain data elements of the same width, and thus they
contain the same number of data elements. The source data elements in the same bit positions in
the two source vector operands form pairs of data elements (also referred to as corresponding
data elements; that is, the data element in data element position 0 of each source operand
correspond, the data element in data element position 1 of each source operand correspond, and
so on). The operation specified by that SIMD instruction is performed separately on each of
these pairs of source data elements to generate amatching number of result data elements, and
thus each pair of source data elements has a corresponding result data element. Since the
operation is vertical and since the result vector operand is the same size, has the same number of
data elements, and the result data elements are stored in the same data element order as the
source vector operands, the result data elements are in the same bit positions of the result vector
operand as their corresponding pair of source data elements in the source vector operands. In
addition to this exemplary type of SIMD instruction, there are avariety of other types of SIMD
instructions (e.g., that has only one or has more than two source vector operands, that operate in
ahorizontal fashion, that generates aresult vector operand that is of adifferent size, that has a
different size data elements, and/or that has a different data element order). It should be
understood that the term destination vector operand (or destination operand) is defined as the
direct result of performing the operation specified by an instruction, including the storage of that
destination operand at alocation (be it aregister or at amemory address specified by that
instruction) so that it may be accessed as a source operand by another instruction (by

specification of that same location by the another instruction).
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[0007] The SIMD technology, such as that employed by the Intel® Core™ processors
having an instruction set including x86, MMX™ Streaming SIMD Extensions (SSE), SSE2,
SSE3, SSE4.1, and SSE4.2 instructions, has enabled a significant improvement in application
performance. An additional set of SIMD extensions, referred to the Advanced Vector
Extensions (AVX) (AVXI and AVX2) and using the Vector Extensions (VEX) coding scheme,
has been , has been released and/or published (e.g., see Intel® 64 and IA-32 Architectures
Software Developers Manual, October 2011; and see Intel® Advanced Vector Extensions
Programming Reference, June 2011).

[0008] Many modern day processors are extending their capabilities to perform SIMD
operations to address the continued need for vector floating-point performance in mainstream
scientific and engineering numerical applications, visual processing, recognition, data-
mining/synthesis, gaming, physics, cryptography and other areas of applications. Additionally,
some processors are utilizing predication including the use of writemasks to perform operations
on particular data elements of SIMD register.

[0009] Unfortunately, the use of writemasks has drawbacks including the number of such
writemasks available to aprogrammer, the size of these writemasks, and transfers between
writemasks. The following description discusses an approach to overcome some of these

defiencies.

Brief Description of the Drawin2S

[0010] The present invention isillustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like references indicate similar elements and in
which:

[0011] Figure 1(A) illustrates an exemplary illustration of an operation of exemplary
instructions for KEXTRACT.

[0012] Figure 1(B) illustrates another exemplary illustration of an operation of exemplary
instructions for KEXTRACT.

[0013] Figure 2 illustrates additional exemplary formats.

[0014] Figure 3 illustrates an embodiment of the use of a KEXTRACT instruction in a

jprocessor.
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[0015] Figure 4 illustrates an embodiment of amethod for processing a KEXTRACT
instruction that includes a source general purpose register, destination writemask register, an
immediate, and an opcode.
[0016] Figure 5 depicts exemplary pseudo-code for performing the KEXTRACT instruction
with operand sizes of 32 and 64 hits.
[0017] Figure 6 illustrates a correlation between the number of one active bit vector
writemask elements and the vector size and the data element size according to one embodiment
of the invention.
[0018] Figure 7A illustrates an exemplary AV X instruction format.
[0019] Figure 7B illustrates which fields from Figure 7A make up afull opcode field and a
base operation field.
[0020] Figure 7C illustrates which fields from Figure 7A make up aregister index field.
[0021] Figure 8 isablock diagram of aregister architecture according to one embodiment of
the invention
[0022] Figure 9A isablock diagram illustrating both an exemplary in-order pipeline and an
exemplary register renaming, out-of-order issue/execution pipeline according to embodiments of
the invention.
[0023] Figure 9B isablock diagram illustrating both an exemplary embodiment of an in-
order architecture core and an exemplary register renaming, out-of-order issue/execution
architecture core to be included in aprocessor according to embodiments of the invention.
[0024] Figures 10A-B illustrate ablock diagram of a more specific exemplary in-order core
architecture, which core would be one of several logic blocks (including other cores of the same
type and/or different types) in achip
[0025] Figure 11isablock diagram of aprocessor that may have more than one core, may
have an integrated memory controller, and may have integrated graphics according to
embodiments of the invention.
[0026] Figure 12 isablock diagram of a system in accordance with one embodiment of the
present invention.
[0027] Figure 13, isablock diagram of afirst more specific exemplary systemin
accordance with an embodiment of the present invention.
[0028] Figure 14 isablock diagram of a second more specific exemplary systemin
accordance with an embodiment of the present invention.
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[0029] Figure 15isablock diagram of a SoC in accordance with an embodiment of the
present invention.

[0030] Figure 16 is ablock diagram contrasting the use of a software instruction converter
to convert binary instructions in a source instruction set to binary instructions in a target
instruction set according to embodiments of the invention.

DETAILED DESCRIPTION

[0031] In the following description, numerous specific details are set forth. However, itis
understood that embodiments of the invention may be practiced without these specific details. In
other instances, well-known circuits, structures and techniques have not been shown in detail in

order not to obscure the understanding of this description.

[0032] References in the specification to "one embodiment,” "an embodiment,” "an example
embodiment,” etc., indicate that the embodiment described may include aparticular feature,
structure, or characteristic, but every embodiment may not necessarily include the particular
feature, structure, or characteristic. Moreover, such phrases are not necessarily referring to the
same embodiment. Further, when aparticular feature, structure, or characteristic is described in
connection with an embodiment, it is submitted that it is within the knowledge of one skilled in
the art to affect such feature, structure, or characteristic in connection with other embodiments
whether or not explicitly described.

[0033] Overview

[0034] In the description below, there are some items that may need explanation prior to
describing the operations of this particular instruction in the instruction set architecture. One
such itemis called a"writemask register” which is generally used to predicate an operand to
conditionally control per-element computational operation (below, the term mask register may
also beused and it refers to awritemask register such asthe "k registers discussed below). As
used below, awritemask register stores aplurality of bits (16, 32, 64, etc.) wherein each active
bit of the writemask register governs the operation/update of apacked data element of avector
register during SIMD processing. Typically, there is more than one writemask register available
for use by aprocessor core.

[0035] The instruction set architecture includes at least some SIMD instructions that specify
vector operations and that have fields to select source registers and/or destination registers from
these vector registers (an exemplary SIMD instruction may specify avector operation to be
performed on the contents of one or more of the vector registers, and the result of that vector
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operation to be stored in one of the vector registers). Different embodiments of the invention
may have different sized vector registers and support more/less/different sized data elements.
[0036] The size of the multi-bit data elements specified by a SIMD instruction (e.g., byte,
word, double word, quad word) determines the bit locations of the "data element positions’
within avector register, and the size of the vector operand determines the number of data
elements. A packed data element refers to the data stored in a particular position. In other
words, depending on the size of the data elements in the destination operand and the size of the
destination operand (the total number of bits in the destination operand) (or put another way,
depending on the size of the destination operand and the number of data elements within the
destination operand), the bit locations of the multi-bit data element positions within the resulting
vector operand change (e.g., if the destination for the resulting vector operand is a vector
register, then the bit locations of the multi-bit data element positions within the destination
vector register change). For example, the bit locations of the multi-bit data elements are
different between avector operation that operates on 32-bit data elements (data element position
0 occupies bit locations 31:0, data element position 1 occupies bit locations 63:32, and so on)
and a vector operation that operates on 64-bit data elements (data element position 0 occupies bit
locations 63:0, data element position 1 occupies bit locations 127:64, and so on).

[0037] Additionally, there is acorrelation between the number of one active bit vector
writemask elements and the vector size and the data element size according to one embodiment
of the invention asillustrated in Figure 6. Vector sizes of 128-bits, 256-bits, and 512-bits are
shown, although other widths are also possible. Data element sizes of 8-bit bytes (B), 16-bit
words (W), 32-bit doublewords (D) or single precision floating point, and 64-bit quadwords (Q)
or double precision floating point are considered, although other widths are also possible. As
shown, when the vector size is 128-bits, 16-bits may be used for masking when the vector's data
element size i s 8-bits, 8-bits may be used for masking when the vector's data element sizeis 16-
bits, 4-bits may be used for masking when the vector's data element size is 32-bits, and 2-bits
may be used for masking when the vector's data element sizeis 64-bits. When the vector sizeis
256-bits, 32-bits may be used for masking when the packed data element width is 8-bits, 16-bits
may be used for masking when the vector's data element sizeis 16-bits, 8-bits may be used for
masking when the vector's data element size is 32-bits, and 4-bits may be used for masking
when the vector's data element size is 64-bits. When the vector size is 512-bits, 64-bits may be

used for masking when the vector's data element size is 8-bits, 32-bits may be used for masking
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when the vector's data element size is 16-bits, 16-bits may be used for masking when the
vector's data element size is 32-bits, and 8-bits may be used for masking when the vector's data
element size is 64-bits.

[0038] Depending upon the combination of the vector size and the data element size, either
all 64-bits, or only a subset of the 64-bits, may be used as awrite mask. Generaly, when a
single, per-element masking control bit isused, the number of bits in the vector writemask
register used for masking (active bits) isequal to the vector size in bits divided by the vector's
data element size in bits.

[0039] Asdiscussed above, the number of writemasks (such as dedicated registers set aside
for that purpose) isout of the programmer's control. Once all of the writemasks are used thereis
little choice but to re-write those writemasks losing that data unless it is pushed to another
location. One such location is ageneral purpose, floating point, or vector register. A writemask
may therefore be saved into a data element of these registers thereby avoiding the expensive
options of either writing the data to memory or losing it altogether. Additionally, these registers,
if they are larger in size than an individual writemask, may be used to store multiple writemasks
thereby more efficiently using their storage.

[0040] Below are embodiments of an instruction generically called awritemask extraction
("KEXTRACT") instruction and embodiments of systems, architectures, instruction formats etc.
that may be used to execute such an instruction that pulls writemasks back out from these non-
writemask registers. The execution of a KEXTRACT instruction causes the storage of an
identified collection of bits comprising awritemask from ageneral purpose, floating point, or
vector source register into adedicated writemask register, wherein which bits to store is defined
by an immediate value of the instruction.

[0041] Figure 1(A) illustrates an exemplary illustration of an operation of exemplary
instructions for KEXTRACT. In this example, the source register is a 32-bit general purpose
register. Thisregister has two 16-bit data elements, at least one of which is a stored mask. An
immediate value (one bit) is used to select between these two data elements. For example, when
the immediate is a0, then the lower 16 bits are selected and vice versa. While amultiplexer is
illustrated as the selection mechanism, any selection circuit may be utilized in the selection
process. The destination writemask register is at least 16 bits in size, and its lower 16 bits

receive the selected data element from the source register.
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[0042] Figure 1(B) illustrates another exemplary illustration of an operation of exemplary
instructions for KEXTRACT. In this example, the source register is a 64-bit general purpose
register. Thisregister has four 16-bit data elements, at least one of which is astored mask. An
immediate value (two bits) is used to select between these four data elements. For example,
when the immediate is a0, then the lower 16 bits are selected, etc. While amultiplexer is
illustrated as the selection mechanism, any selection circuit may be utilized in the selection
process. The destination writemask register is at least 16 bits in size, and its lower 16 bits
receive the selected data element from the source register.

[0043] While the above examples use 16-bit destination writemask registers and 32 or 64-hbit
general purpose registers, many different size source and destination registers are compatible
with this instruction. For example, the source registers may be general purpose, floating point,
or vector registers that are of larger size.

[0044] Additionally, aswill be detailed below, writemask registers may be of different size
such as 64-hit. In this case, the extracted field may be placed into the least significant bits of the
writemask register or the immediate may be used to select the bit location for storage in the
writemask register.

[0045] Moreover, more or less than 16-bits may be extracted from the general purpose
registers. If greater granularity isrequired (i.e., smaller size extractions) more of the immediate
bits may be used to select the data element. For example, if the general purpose register is 32-bit
and the mask to be extracted is only 4-bit, then 3 bits of the immediate (8 combinations) would
be used to select the proper 4 bits.

[0046] The immediate may be any number of bits so long as there are enough bits to select
between data elements of the source register. Moreover, the writemask registers may aso be of
larger or smaller size. Additionally, athird register may be used in place of animmediate in
some embodiments.

[0047] Exemplary Formats

[0048] An exemplary format of this instruction is "KEXTRACTD KI, r32, imm8" where Kl

is the destination writemask register, r32 isthe source 32-bit genera purpose register, imm8 is an
8-bit immediate, and KEXTRACTD istheinstruction' s opcode. The execution of this
instruction will cause the extraction of a 16-bit portion of r32 and place the result inkl, using

imm8 as the designator of the 16-bit portion of r32 to extract.
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[0049] Another exemplary format of this instruction is"KEXTRACTD Kl , r64, imm8"
where K1 isthe destination writemask register, r64 isthe source 64-bit general purpose register,
imm8 is an 8-bit immediate, and KEXTRACTD istheinstruction's opcode. The execution of
this instruction will cause the extraction of a 16-bit portion of r64 and place the result in ki,
using imm8 as the designator of the 16-bit portion of r64 to extract.

[0050] Figure 2 illustrates additional exemplary formats of KEXTRACT in VEX form.
[0051] Exemplary Methods of Execution

[0052] Figure 3illustrates an embodiment of the use of a KEXTRACT instruction in a

processor. A KEXTRACT instruction with a destination writemask register operand, a source
register operand, and an immediate value is fetched at 301.
[0053] The KEXTRACT instruction is decoded by decoding logic at 303. Depending on the
instruction' sformat, avariety of data may be interpreted at this stage such asif thereistobe a
data transformation, which registers to write to and retrieve, what memory address to access, etc.
[0054] The source operand values are retrieved/read at 305. For example, the source register
isread.
[0055] The KEXTRACT instruction (or operations comprising such an instruction such as
microoperations) is executed by execution resources such as one or more functional units at 307
to select which data element of the source register is to be written into the destination writemask
register as amask, wherein the selection is based on the immediate value. For example, in
Figure 1, one bit of an immediate can identify one of two data elements, two bits of an
immediate can identify one of four data el ements, etc.
[0056] The identified data element is stored in the destination writemask register at 309.
While 307 and 309 have been illustrated separately, in some embodiments they are performed
together as apart of the execution of the instruction.
[0057] Figure 4 illustrates an embodiment of a method for processing a KEXTRACT
instruction that includes a source general purpose register, destination writemask register, an
immediate, and an opcode. What is described below occurs after the fetching of the instruction.
[0058] At 401, adetermination of the source operand sizeis made. Typically, this isknown
simply by the source operand itself. Asdetailed above, these determination steps could occur
during the decode stage. However, it is discussed here to more clearly articulate what occurs as
apart of determining the data element to be extracted from the source and placed into the
dedicated writemask register destination.

10
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[0059] At 403, the register associated with the source operand isretrieved.
[0060] At 405, adata element of the source register is selected by using one or more bits of
the immediate of the instruction. Asdiscussed earlier, the number of bits needed to make this
determination is dependent on the size of the source register and the size of the data elements
that will act as awritemask. If the source register is 32-bit and the writemask is 16-bit, then
there are two data elements to choose from in the source register and only 1hbit of the immediate
is needed to make that determination. In some embodiments, this determination is made via a
multiplexer or other selection logic.
[0061] At 407, the selected data element is written (stored) into the destination writemask
register.
[0062] Figure 5 depicts exemplary pseudo-code for performing the KEXTRACT instruction
with operand sizes of 32 and 64 bits.
[0063] Exemplary Instruction Formats
[0064] Embodiments of the instruction(s) described herein may be embodied in different
formats. Additionally, exemplary systems, architectures, and pipelines are detailed below.
Embodiments of the instruction(s) may be executed on such systems, architectures, and
pipelines, but are not limited to those detailed.
[0065] VEX Instruction Format
[0066] VEX encoding allows instructions to have more than two operands, and allows SIMD
vector registers to be longer than 128 bits. The use of a VEX prefix provides for three-operand
(or more) syntax. For example, previous two-operand instructions performed operations such as
A = A + B, which overwrites a source operand. The use of a VEX prefix enables operands to
perform nondestructive operations such asA =B + C.
[0067] Figure 7A illustrates an exemplary AV X instruction format including aVEX prefix
702, real opcode field 730, Mod R/M byte 740, SIB byte 750, displacement field 762, and
IMMS8 772. Figure 7B illustrates which fields from Figure 7A make up afull opcode field 774
and abase operation field 742. Figure 7C illustrates which fields from Figure 7A make up a
register index field 744.
[0068] VEX Prefix (Bytes 0-2) 702 isencoded in athree-byte form. The first byte isthe
Format Field 740 (VEX Byte 0, bits [7:0]), which contains an explicit C4 byte value (the unique
value used for distinguishing the C4 instruction format). The second-third bytes (VEX Bytes 1-
2) include anumber of bit fields providing specific capability. Specifically, REX field 705
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(VEX Byte 1, bits [7-5]) consists of aVEX.R bit field (VEX Byte 1, bit [7] - R), VEX.X hit
field (VEX byte 1, bit [6] - X), and VEX.B hit field (VEX byte 1, bit[5] - B). Other fields of the
instructions encode the lower three bits of the register indexes as is known in the art (rrr, xxx,
and bbb), so that Rrrr, Xxxx, and Bbbb may be formed by adding VEX.R, VEX.X, and VEX.B.
Opcode map field 715 (VEX byte 1, bits [4:0] - mmmmm) includes content to encode an
implied leading opcode byte. W Field 764 (VEX byte 2, bit [7] - W) - isrepresented by the
notation VEX.W, and provides different functions depending on the instruction. The role of
VEX.vwwv 720 (VEX Byte 2, bits [6:3]-vvvv) may include the following: 1) VEX.vvvv encodes
the first source register operand, specified in inverted (Is complement) form and isvalid for
instructions with 2 or more source operands; 2) VEX.vvvv encodes the destination register
operand, specified in | scomplement form for certain vector shifts; or 3) VEX.vvvv does not
encode any operand, the field isreserved and should contain 111lb. If VEX.L 768 Sizefield
(VEX byte 2, bit [2]-L) = 0, it indicates 128 bit vector; if VEX.L = 1, it indicates 256 bit vector.
Prefix encoding field 725 (VEX byte 2, bits [1:0]-pp) provides additional bits for the base
operation field.

[0069] Real Opcode Field 730 (Byte 3) is also known as the opcode byte. Part of the opcode
is specified in this field.

[0070] MOD R/M Field 740 (Byte 4) includes MOD field 742 (bits [7-6]), Reg field 744
(bits [5-3]), and R/M field 746 (bits [2-0]). Therole of Reg field 744 may include the following:
encoding either the destination register operand or a source register operand (the rrr of Rrrr), or
be treated as an opcode extension and not used to encode any instruction operand. The role of
R/M field 746 may include the following: encoding the instruction operand that references a
memory address, or encoding either the destination register operand or a source register operand.
[0071] Scale, Index, Base (SIB) - The content of Scalefield 750 (Byte 5) includes SS752
(bits [7-6]), which isused for memory address generation. The contents of SIB.xxx 754 (bits [5-
3]) and SIB.bbb 756 (bits [2-0]) have been previously referred to with regard to the register
indexes Xxxx and Bbbb.

[0072] The Displacement Field 762 and the immediate field (IMM8) 772 contain address
data.

[0073] Exemplary Register Architecture

[0074] Figure 8 isablock diagram of aregister architecture 800 according to one

embodiment of the invention. In the embodiment illustrated, there are 32 vector registers 810

12



10

15

20

25

30

WO 2013/095582 PCT/US2011/067050

that are 512 bits wide; these registers are referenced as zmmO through zmm31. The lower order
256 bits of the lower 16 zmm registers are overlaid on registers ymmO-16. The lower order 128
bits of the lower 16 zmm registers (the lower order 128 hits of the ymm registers) are overlaid on
registers xmmo-15.

[0075] Write mask registers 815 - in the embodiment illustrated, there are 8 write mask
registers (kO through k7), each 64 bits in size. In an aternate embodiment, the write mask
registers 815 are 16 hits in size. Aspreviously described, in one embodiment of the invention,
the vector mask register kO cannot be used as awrite mask; when the encoding that would
normally indicate kOisused for awrite mask, it selects ahardwired write mask of OxFFFF,
effectively disabling write masking for that instruction.

[0076] General-purpose registers 825 - in the embodiment illustrated, there are sixteen 64-bit
general-purpose registers that are used along with the existing x86 addressing modes to address
memory operands. These registers are referenced by the names RAX, RBX, RCX, RDX, RBP,
RSI, RDI, RSP, and R8 through R15.

[0077] Scalar floating point stack register file (x87 stack) 845, on which is aiased the MMX
packed integer flat register file 850 - in the embodiment illustrated, the x87 stack is an eight-
element stack used to perform scalar floating-point operations on 32/64/80-bit floating point data
using the x87 instruction set extension; while the MMX registers are used to perform operations
on 64-hit packed integer data, as well asto hold operands for some operations performed
between the MMX and XMM registers.

[0078] Alternative embodiments of the invention may use wider or narrower registers.
Additionally, aternative embodiments of the invention may use more, less, or different register
files and registers.

[0079] Exemplary Core Architectures, Processors, and Computer Architectures

[0080] Processor cores may be implemented in different ways, for different purposes, and in
different processors. For instance, implementations of such cores may include: 1) a genera
purpose in-order core intended for general-purpose computing; 2) ahigh performance general
purpose out-of-order core intended for general-purpose computing; 3) a special purpose core
intended primarily for graphics and/or scientific (throughput) computing. Implementations of
different processors may include: 1) a CPU including one or more general purpose in-order cores
intended for general-purpose computing and/or one or more general purpose out-of-order cores

intended for general-purpose computing; and 2) acoprocessor including one or more special
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purpose cores intended primarily for graphics and/or scientific (throughput). Such different
processors lead to different computer system architectures, which may include: 1) the
coprocessor on a separate chip from the CPU; 2) the coprocessor on a separate die in the same
package as a CPU; 3) the coprocessor on the same die as a CPU (in which case, such a
coprocessor is sometimes referred to as special purpose logic, such asintegrated graphics and/or
scientific (throughput) logic, or as specia purpose cores); and 4) a system on achip that may
include on the same die the described CPU (sometimes referred to as the application core(s) or
application processor(s)), the above described coprocessor, and additional functionality.
Exemplary core architectures are described next, followed by descriptions of exemplary
processors and computer architectures.

[0081] Exemplary Core Architectures

[0082] In-order and out-of-order core block diagram

[0083] Figure 9A isablock diagram illustrating both an exemplary in-order pipeline and an
exemplary register renaming, out-of-order issue/execution pipeline according to embodiments of
theinvention. Figure 9B isablock diagram illustrating both an exemplary embodiment of an
in-order architecture core and an exemplary register renaming, out-of-order issue/execution
architecture core to be included in aprocessor according to embodiments of the invention. The
solid lined boxes in Figures 9A-B illustrate the in-order pipeline and in-order core, while the
optional addition of the dashed lined boxes illustrates the register renaming, out-of-order
issue/execution pipeline and core. Given that the in-order aspect is a subset of the out-of-order
aspect, the out-of-order aspect will be described.

[0084] In Figure 9A, aprocessor pipeline 900 includes afetch stage 902, alength decode
stage 904, adecode stage 906, an allocation stage 908, arenaming stage 910, a scheduling (also
known as adispatch or issue) stage 912, aregister read/memory read stage 914, an execute stage
916, awrite back/memory write stage 918, an exception handling stage 922, and a commit stage
924.

[0085] Figure 9B shows processor core 990 including afront end unit 930 coupled to an
execution engine unit 950, and both are coupled to amemory unit 970. The core 990 may be a
reduced instruction set computing (RISC) core, acomplex instruction set computing (CISC)
core, avery long instruction word (VLIW) core, or ahybrid or alternative core type. Asyet

another option, the core 990 may be a special-purpose core, such as, for example, anetwork or
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communication core, compression engine, coprocessor core, general purpose computing graphics
processing unit (GPGPU) core, graphics core, or the like.

[0086] The front end unit 930 includes abranch prediction unit 932 coupled to an instruction
cache unit 934, which is coupled to an instruction translation lookaside buffer (TLB) 936, which
is coupled to an instruction fetch unit 938, which is coupled to a decode unit 940. The decode
unit 940 (or decoder) may decode instructions, and generate as an output one or more micro-
operations, micro-code entry points, microinstructions, other instructions, or other control
signals, which are decoded from, or which otherwise reflect, or are derived from, the origina
instructions. The decode unit 940 may be implemented using various different mechanisms.
Examples of suitable mechanisms include, but are not limited to, look-up tables, hardware
implementations, programmable logic arrays (PLAS), microcode read only memories (ROMSs),
etc. In one embodiment, the core 990 includes a microcode ROM or other medium that stores
microcode for certain macroinstructions (e.g., in decode unit 940 or otherwise within the front
end unit 930). The decode unit 940 is coupled to arename/allocator unit 952 in the execution
engine unit 950.

[0087] The execution engine unit 950 includes the rename/allocator unit 952 coupled to a
retirement unit 954 and a set of one or more scheduler unit(s) 956. The scheduler unit(s) 956
represents any number of different schedulers, including reservations stations, central instruction
window, etc. The scheduler unit(s) 956 is coupled to the physical register file(s) unit(s) 958.
Each of the physical register file(s) units 958 represents one or more physical register files,
different ones of which store one or more different data types, such as scalar integer, scalar
floating point, packed integer, packed floating point, vector integer, vector floating point,, status
(e.g., aninstruction pointer that is the address of the next instruction to be executed), etc. In one
embodiment, the physical register file(s) unit 958 comprises a vector registers unit, awrite mask
registers unit, and a scalar registers unit. These register units may provide architectural vector
registers, vector mask registers, and general purpose registers. The physical register file(s)
unit(s) 958 is overlapped by the retirement unit 954 to illustrate various ways in which register
renaming and out-of-order execution may be implemented (e.g., using areorder buffer(s) and a
retirement register file(s); using afuture file(s), ahistory buffer(s), and aretirement register
file(s); using aregister maps and apool of registers; etc.). The retirement unit 954 and the
physical register file(s) unit(s) 958 are coupled to the execution cluster(s) 960. The execution

cluster(s) 960 includes a set of one or more execution units 962 and a set of one or more memory
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access units 964. The execution units 962 may perform various operations (e.g., shifts, addition,
subtraction, multiplication) and on various types of data (e.g., scalar floating point, packed
integer, packed floating point, vector integer, vector floating point). While some embodiments
may include anumber of execution units dedicated to specific functions or sets of functions,
other embodiments may include only one execution unit or multiple execution units that all
perform al functions. The scheduler unit(s) 956, physical register file(s) unit(s) 958, and
execution cluster(s) 960 are shown as being possibly plural because certain embodiments create
separate pipelines for certain types of data/operations (e.g., a scalar integer pipeline, ascalar
floating point/packed integer/packed floating point/vector integer/vector floating point pipeline,
and/or amemory access pipeline that each have their own scheduler unit, physical register file(s)
unit, and/or execution cluster - and in the case of a separate memory access pipeline, certain
embodiments are implemented in which only the execution cluster of this pipeline has the
memory access unit(s) 964). It should also be understood that where separate pipelines are used,
one or more of these pipelines may be out-of-order issue/execution and the rest in-order.

[0088] The set of memory access units 964 is coupled to the memory unit 970, which
includes adata TLB unit 972 coupled to adata cache unit 974 coupled to alevel 2 (L2) cache
unit 976. In one exemplary embodiment, the memory access units 964 may include aload unit, a
store address unit, and a store data unit, each of which is coupled to the data TLB unit 972 in the
memory unit 970. The instruction cache unit 934 is further coupled to alevel 2 (L2) cache unit
976 in the memory unit 970. The L2 cache unit 976 is coupled to one or more other levels of
cache and eventually to amain memory.

[0089] By way of example, the exemplary register renaming, out-of-order issue/execution
core architecture may implement the pipeline 900 as follows: 1) the instruction fetch 938
performs the fetch and length decoding stages 902 and 904; 2) the decode unit 940 performs the
decode stage 906; 3) the rename/allocator unit 952 performs the allocation stage 908 and
renaming stage 910; 4) the scheduler unit(s) 956 performs the schedule stage 912; 5) the physical
register file(s) unit(s) 958 and the memory unit 970 perform the register read/memory read stage
914; the execution cluster 960 perform the execute stage 916; 6) the memory unit 970 and the
physical register file(s) unit(s) 958 perform the write back/memory write stage 918; 7) various
units may be involved in the exception handling stage 922; and 8) the retirement unit 954 and the
physical register file(s) unit(s) 958 perform the commit stage 924.
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[0090] The core 990 may support one or more instructions sets (e.g., the x86 instruction set
(with some extensions that have been added with newer versions); the MIPS instruction set of
MIPS Technologies of Sunnyvale, CA; the ARM instruction set (with optional additional
extensions such as NEON) of ARM Holdings of Sunnyvale, CA), including the instruction(s)
described herein. In one embodiment, the core 990 includes logic to support a packed data
instruction set extension (e.g., AVX1, AVX2), thereby allowing the operations used by many
multimedia applications to be performed using packed data.

[0091] It should be understood that the core may support multithreading (executing two or
more parallel sets of operations or threads), and may do so in avariety of ways including time
dliced multithreading, simultaneous multithreading (where a single physical core provides a
logical core for each of the threads that physical core is simultaneously multithreading), or a
combination thereof (e.g., time dliced fetching and decoding and simultaneous multithreading
thereafter such asin the Intel® Hyperthreading technology).

[0092] While register renaming is described in the context of out-of-order execution, it
should be understood that register renaming may be used in an in-order architecture. While the
illustrated embodiment of the processor also includes separate instruction and data cache units
934/974 and a shared L2 cache unit 976, alternative embodiments may have a single internal
cache for both instructions and data, such as, for example, aLevel 1 (LI) internal cache, or
multiple levels of internal cache. In some embodiments, the system may include acombination
of aninternal cache and an external cache that is external to the core and/or the processor.
Alternatively, all of the cache may be external to the core and/or the processor.

[0093] Specific Exemplary In-Order Core Architecture

[0094] Figures 10A-B illustrate ablock diagram of a more specific exemplary in-order core
architecture, which core would be one of several logic blocks (including other cores of the same
type and/or different types) in achip. The logic blocks communicate through a high-bandwidth
interconnect network (e.g., aring network) with some fixed function logic, memory 1/0
interfaces, and other necessary 1/O logic, depending on the application.

[0095] Figure 10A isablock diagram of a single processor core, along with its connection to
the on-die interconnect network 1002 and with its local subset of the Level 2 (L2) cache 1004,
according to embodiments of the invention. 1n one embodiment, an instruction decoder 1000
supports the x86 instruction set with apacked data instruction set extension. An L1 cache 1006

allows low-latency accesses to cache memory into the scalar and vector units. While in one
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embodiment (to simplify the design), a scalar unit 1008 and a vector unit 1010 use separate
register sets (respectively, scalar registers 1012 and vector registers 1014) and data transferred
between them iswritten to memory and then read back infrom alevel 1(L1) cache 1006,
aternative embodiments of the invention may use a different approach (e.g., use a single register
set or include a communication path that allow data to be transferred between the two register
files without being written and read back).

[0096] The local subset of the L2 cache 1004 is part of aglobal L2 cache that is divided into
separate local subsets, one per processor core. Each processor core has adirect access path to its
own local subset of the L2 cache 1004. Dataread by aprocessor core is stored in its L2 cache
subset 1004 and can be accessed quickly, in parallel with other processor cores accessing their
own local L2 cache subsets. Data written by aprocessor coreis stored in its own L2 cache
subset 1004 and isflushed from other subsets, if necessary. The ring network ensures coherency
for shared data. The ring network isbi-directional to allow agents such as processor cores, L2
caches and other logic blocks to communicate with each other within the chip. Each ring data-
path is 1012-bits wide per direction.

[0097] Figure 10B is an expanded view of part of the processor core in Figure 10A according
to embodiments of the invention. Figure 10B includes an L1 data cache 1006A part of the L |
cache 1004, aswell as more detail regarding the vector unit 1010 and the vector registers 1014.
Specifically, the vector unit 1010 is a 16-wide vector processing unit (VPU) (see the 16-wide
ALU 1028), which executes one or more of integer, single-precision float, and double-precision
float instructions. The VPU supports swizzling the register inputs with swizzle unit 1020,
numeric conversion with numeric convert units 1022A-B, and replication with replication unit
1024 on the memory input. Write mask registers 1026 allow predicating resulting vector writes.
[0098] Processor with integrated memory controller and graphics

[0099] Figure 11lisablock diagram of aprocessor 1100 that may have more than one core,
may have an integrated memory controller, and may have integrated graphics according to
embodiments of the invention. The solid lined boxes in Figure 11 illustrate aprocessor 1100
with asingle core 1102A, a system agent 1110, a set of one or more bus controller units 1116,
while the optional addition of the dashed lined boxes illustrates an alternative processor 1100
with multiple cores 1102A-N, a set of one or more integrated memory controller unit(s) 1114 in

the system agent unit 1110, and special purpose logic 1108.
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[00100] Thus, different implementations of the processor 1100 may include: 1) a CPU with
the special purpose logic 1108 being integrated graphics and/or scientific (throughput) logic
(which may include one or more cores), and the cores 1102A-N being one or more general
purpose cores (e.g., general purpose in-order cores, general purpose out-of-order cores, a
combination of the two); 2) acoprocessor with the cores 1102A-N being alarge number of
special purpose cores intended primarily for graphics and/or scientific (throughput); and 3) a
coprocessor with the cores 1102A-N being alarge number of general purpose in-order cores.
Thus, the processor 1100 may be a general-purpose processor, Coprocessor or special-purpose
processor, such as, for example, anetwork or communication processor, compression engine,
graphics processor, GPGPU (genera purpose graphics processing unit), ahigh-throughput many
integrated core (MIC) coprocessor (including 30 or more cores), embedded processor, or the
like. The processor may be implemented on one or more chips. The processor 1100 may be a
part of and/or may be implemented on one or more substrates using any of a number of process
technologies, such as, for example, BICMOS, CMOS, or NMOS.

[oo101]  The memory hierarchy includes one or more levels of cache within the cores, a set or
one or more shared cache units 1106, and external memory (not shown) coupled to the set of
integrated memory controller units 1114. The set of shared cache units 1106 may include one or
more mid-level caches, such aslevel 2 (L2), level 3 (L3), level 4 (L4), or other levels of cache, a
last level cache (LLC), and/or combinations thereof. While in one embodiment aring based
interconnect unit 1112 interconnects the integrated graphics logic 1108, the set of shared cache
units 1106, and the system agent unit 1110/integrated memory controller unit(s) 1114, aternative
embodiments may use any number of well-known techniques for interconnecting such units. In
one embodiment, coherency is maintained between one or more cache units 1106 and cores
1102-A-N.

[00102] In some embodiments, one or more of the cores 1102A-N are capable of multi-
threading. The system agent 1110 includes those components coordinating and operating cores
1102A-N. The system agent unit 1110 may include for example apower control unit (PCU) and
adisplay unit. The PCU may be or include logic and components needed for regulating the
power state of the cores 1102A-N and the integrated graphics logic 1108. The display unit isfor
driving one or more externally connected displays.

[oo103]  The cores 1102A-N may be homogenous or heterogeneous in terms of architecture

instruction set; that is, two or more of the cores 1102A-N may be capable of execution the same
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instruction set, while others may be capable of executing only asubset of that instruction set or a
different instruction set.

[00104] Exemplary Computer Architectures

[oo105]  Figuresi2-15 areblock diagrams of exemplary computer architectures. Other
system designs and configurations known in the arts for laptops, desktops, handheld PCs,
personal digital assistants, engineering workstations, servers, network devices, network hubs,
switches, embedded processors, digital signa processors (DSPs), graphics devices, video game
devices, set-top boxes, micro controllers, cell phones, portable media players, hand held devices,
and various other electronic devices, are also suitable. In general, ahuge variety of systems or
electronic devices capable of incorporating aprocessor and/or other execution logic as disclosed
herein are generally suitable.

[oo106]  Referring now to Figure 12, shown isablock diagram of asystem 1200 in
accordance with one embodiment of the present invention. The system 1200 may include one or
more processors 1210, 1215, which are coupled to a controller hub 1220. In one embodiment the
controller hub 1220 includes a graphics memory controller hub (GMCH) 1290 and an
Input/Output Hub (I0OH) 1250 (which may be on separate chips); the GMCH 1290 includes
memory and graphics controllers to which are coupled memory 1240 and acoprocessor 1245;
the IOH 1250 is couples input/output (1/O) devices 1260 to the GMCH 1290. Alternatively, one
or both of the memory and graphics controllers are integrated within the processor (as described
herein), the memory 1240 and the coprocessor 1245 are coupled directly to the processor 1210,
and the controller hub 1220 in a single chip with the IOH 1250.

[oo107]  The optional nature of additional processors 1215 isdenoted in Figure 12 with broken
lines. Each processor 1210, 1215 may include one or more of the processing cores described
herein and may be some version of the processor 1100.

[oo108] The memory 1240 may be, for example, dynamic random access memory (DRAM),
phase change memory (PCM), or acombination of the two. For at least one embodiment, the
controller hub 1220 communicates with the processor(s) 1210, 1215 via amulti-drop bus, such
as afrontside bus (FSB), point-to-point interface such as QuickPath Interconnect (QPI), or
similar connection 1295.

[00109]  Inone embodiment, the coprocessor 1245 is a specia-purpose processor, such as, for

example, ahigh-throughput MIC processor, ahetwork or communication processor, compression
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engine, graphics processor, GPGPU, embedded processor, or the like. In one embodiment,
controller hub 1220 may include an integrated graphics accelerator.

[00110] There can be avariety of differences between the physical resources 1210, 1215 in
terms of a spectrum of metrics of merit including architectural, microarchitectural, thermal,
power consumption characteristics, and the like.

[00111] Inone embodiment, the processor 1210 executes instructions that control data
processing operations of ageneral type. Embedded within the instructions may be coprocessor
instructions. The processor 1210 recognizes these coprocessor instructions as being of atype
that should be executed by the attached coprocessor 1245. Accordingly, the processor 1210
issues these coprocessor instructions (or control signals representing coprocessor instructions) on
acoprocessor bus or other interconnect, to coprocessor 1245. Coprocessor(s) 1245 accept and
execute the received coprocessor instructions.

[00112] Referring now to Figure 13, shown is ablock diagram of afirst more specific
exemplary system 1300 in accordance with an embodiment of the present invention. As shown
in Figure 13, multiprocessor system 1300 is apoint-to-point interconnect system, and includes a
first processor 1370 and a second processor 1380 coupled via apoint-to-point interconnect 1350.
Each of processors 1370 and 1380 may be some version of the processor 1100. In one
embodiment of the invention, processors 1370 and 1380 are respectively processors 1210 and
1215, while coprocessor 1338 is coprocessor 1245. In another embodiment, processors 1370 and
1380 are respectively processor 1210 coprocessor 1245.

[00113] Processors 1370 and 1380 are shown including integrated memory controller (IMC)
units 1372 and 1382, respectively. Processor 1370 also includes as part of its bus controller
units point-to-point (P-P) interfaces 1376 and 1378; similarly, second processor 1380 includes P-
P interfaces 1386 and 1388. Processors 1370, 1380 may exchange information via a point-to-
point (P-P) interface 1350 using P-P interface circuits 1378, 1388. As shown in Figure 13, IMCs
1372 and 1382 couple the processors to respective memories, namely amemory 1332 and a
memory 1334, which may be portions of main memory locally attached to the respective
Processors.

[00114] Processors 1370, 1380 may each exchange information with a chipset 1390 via
individual P-Pinterfaces 1352, 1354 using point to point interface circuits 1376, 1394, 1386,
1398. Chipset 1390 may optionally exchange information with the coprocessor 1338 via a high-

performance interface 1339. In one embodiment, the coprocessor 1338 is a special-purpose
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processor, such as, for example, ahigh-throughput MIC processor, anetwork or communication
processor, compression engine, graphics processor, GPGPU, embedded processor, or the like.
[oo115] A shared cache (hot shown) may be included in either processor or outside of both
processors, yet connected with the processors via P-P interconnect, such that either or both
processors local cache information may be stored in the shared cache if aprocessor is placed
into alow power mode.

[oo116]  Chipset 1390 may be coupled to afirst bus 1316 via an interface 1396. In one
embodiment, first bus 1316 may be a Peripheral Component Interconnect (PCI) bus, or abus
such as a PCl Express bus or another third generation /O interconnect bus, although the scope of
the present invention is not so limited.

[oo117]  Asshown in Figure 13, various I/O devices 1314 may be coupled to first bus 1316,
along with abus bridge 1318 which couples first bus 1316 to a second bus 1320. In one
embodiment, one or more additional processor(s) 1315, such as coprocessors, high-throughput
MIC processors, GPGPU' s, accelerators (such as, e.g., graphics accelerators or digital signa
processing (DSP) units), field programmable gate arrays, or any other processor, are coupled to
first bus 1316. In one embodiment, second bus 1320 may be alow pin count (LPC) bus.
Various devices may be coupled to a second bus 1320 including, for example, akeyboard and/or
mouse 1322, communication devices 1327 and a storage unit 1328 such as adisk drive or other
mass storage device which may include instructions/code and data 1330, in one embodiment.
Further, an audio 1/0 1324 may be coupled to the second bus 1320. Note that other architectures
are possible. For example, instead of the point-to-point architecture of Figure 13, a system may
implement a multi-drop bus or other such architecture.

[oo118]  Referring now to Figure 14, shown is ablock diagram of a second more specific
exemplary system 1400 in accordance with an embodiment of the present invention. Like
elements in Figures 13 and 14 bear like reference numerals, and certain aspects of Figure 13
have been omitted from Figure 14 in order to avoid obscuring other aspects of Figure 14.
[oo119]  Figure 14 illustrates that the processors 1370, 1380 may include integrated memory
and I/O control logic ("CL") 1372 and 1382, respectively. Thus, the CL 1372, 1382 include
integrated memory controller units and include I/O control logic. Figure 14 illustrates that not
only are the memories 1332, 1334 coupled to the CL 1372, 1382, but also that I/O devices 1414
are aso coupled to the control logic 1372, 1382. Legacy /O devices 1415 are coupled to the
chipset 1390.
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[00120] Referring now to Figure 15, shown isablock diagram of a SoC 1500 in accordance
with an embodiment of the present invention. Similar elements in Figure 11 bear like reference
numerals. Also, dashed lined boxes are optional features on more advanced SoCs. In Figure 15,
an interconnect unit(s) 1502 is coupled to: an application processor 1510 which includes a set of
one or more cores 202A-N and shared cache unit(s) 1106; a system agent unit 1110; abus
controller unit(s) 1116; an integrated memory controller unit(s) 1114; a set or one or more
coprocessors 1520 which may include integrated graphics logic, an image processor, an audio
processor, and avideo processor; an static random access memory (SRAM) unit 1530; adirect
memory access (DMA) unit 1532; and adisplay unit 1540 for coupling to one or more externa
displays. In one embodiment, the coprocessor(s) 1520 include a special-purpose processor, such
as, for example, anetwork or communication processor, compression engine, GPGPU, ahigh-
throughput MIC processor, embedded processor, or the like.

[00121] Embodiments of the mechanisms disclosed herein may be implemented in hardware,
software, firmware, or acombination of such implementation approaches. Embodiments of the
invention may be implemented as computer programs or program code executing on
programmable systems comprising at least one processor, a storage system (including volatile
and non-volatile memory and/or storage elements), at least one input device, and at least one
output device.

[00122] Program code, such as code 1330 illustrated in Figure 13, may be applied to input
instructions to perform the functions described herein and generate output information. The
output information may be applied to one or more output devices, in known fashion. For
purposes of this application, aprocessing system includes any system that has a processor, such
as, for example; adigital signal processor (DSP), a microcontroller, an application specific
integrated circuit (ASIC), or a microprocessor.

[00123] The program code may be implemented in ahigh level procedural or object oriented
programming language to communicate with aprocessing system. The program code may also
be implemented in assembly or machine language, if desired. In fact, the mechanisms described
herein are not limited in scope to any particular programming language. In any case, the
language may be acompiled or interpreted language.

[00124] One or more aspects of at least one embodiment may be implemented by
representative instructions stored on a machine-readable medium which represents various logic

within the processor, which when read by a machine causes the machine to fabricate logic to
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perform the techniques described herein. Such representations, known as "IP cores' may be
stored on atangible, machine readable medium and supplied to various customers or
manufacturing facilities to load into the fabrication machines that actually make the logic or
processor.

[00125]  Such machine-readable storage media may include, without limitation, non-transitory,
tangible arrangements of articles manufactured or formed by a machine or device, including
storage media such as hard disks, any other type of disk including floppy disks, optical disks,
compact disk read-only memories (CD-ROMSs), compact disk rewritable's (CD-RWSs), and
magneto-optical disks, semiconductor devices such as read-only memories (ROMSs), random
access memories (RAMS) such as dynamic random access memories (DRAMS), static random
access memories (SRAMSs), erasable programmable read-only memories (EPROMS), flash
memories, electrically erasable programmable read-only memories (EEPROMS), phase change
memory (PCM), magnetic or optical cards, or any other type of media suitable for storing
electronic instructions.

[00126]  Accordingly, embodiments of the invention also include non-transitory, tangible
machine-readable media containing instructions or containing design data, such as Hardware
Description Language (HDL), which defines structures, circuits, apparatuses, processors and/or
system features described herein. Such embodiments may also bereferred to as program
products.

[00127] Emulation (including binary trandlation, code morphing, etc.)

[00128] Insome cases, an instruction converter may be used to convert an instruction from a
source instruction set to atarget instruction set. For example, the instruction converter may
trandlate (e.g., using static binary trandlation, dynamic binary translation including dynamic
compilation), morph, emulate, or otherwise convert an instruction to one or more other
instructions to be processed by the core. The instruction converter may be implemented in
software, hardware, firmware, or acombination thereof. The instruction converter may be on
processor, off processor, or part on and part off processor.

[00129] Figure 16 isablock diagram contrasting the use of a software instruction converter
to convert binary instructions in a source instruction set to binary instructions in atarget
instruction set according to embodiments of the invention. In theillustrated embodiment, the
instruction converter is a software instruction converter, although alternatively the instruction

converter may be implemented in software, firmware, hardware, or various combinations
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thereof. Figure 16 shows aprogram in ahigh level language 1602 may be compiled using an
x86 compiler 1604 to generate x86 binary code 1606 that may be natively executed by a
processor with at least one x86 instruction set core 1616. The processor with at least one x86
instruction set core 1616 represents any processor that can perform substantially the same
functions as an Intel processor with at least one x86 instruction set core by compatibly executing
or otherwise processing (1) asubstantial portion of the instruction set of the Intel x86 instruction
set core or (2) object code versions of applications or other software targeted to run on an Intel
processor with at least one x86 instruction set core, in order to achieve substantially the same
result as an Intel processor with at least one x86 instruction set core. The x86 compiler 1604
represents a compiler that is operable to generate x86 binary code 1606 (e.g., object code) that
can, with or without additional linkage processing, be executed on the processor with at least one
x86 instruction set core 1616. Similarly, Figure 16 shows the program in the high level language
1602 may be compiled using an alternative instruction set compiler 1608 to generate alternative
instruction set binary code 1610 that may be natively executed by a processor without at least
one x86 instruction set core 1614 (e.g., aprocessor with cores that execute the MIPS instruction
set of MIPS Technologies of Sunnyvale, CA and/or that execute the ARM instruction set of
ARM Holdings of Sunnyvale, CA). The instruction converter 1612 is used to convert the x86
binary code 1606 into code that may be natively executed by the processor without an x86
instruction set core 1614. This converted code isnot likely to be the same as the aternative
instruction set binary code 1610 because an instruction converter capable of thisisdifficult to
make; however, the converted code will accomplish the general operation and be made up of
instructions from the alternative instruction set. Thus, the instruction converter 1612 represents
software, firmware, hardware, or acombination thereof that, through emulation, simulation or
any other process, alows aprocessor or other electronic device that does not have an x86

instruction set processor or core to execute the x86 binary code 1606.
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Claims

What is clamed is:
1. A method of performing in acomputer processor mask extraction from ageneral purpose
register in response to a single mask extraction from ageneral purpose register instruction that
includes a source general purpose register operand, a destination writemask register operand, an
immediate value, and an opcode, the method comprising steps of:

executing the mask extraction from a general purpose register instruction to select which
data element of the source register is to be written as awritemask into the destination writemask
register using one or more bits of the immediate;

storing the selected data element into the destination writemask register.

2. The method of claim 1, wherein the selected data element is a 16-bit field of the genera
purpose register.

3. The method of claim 2, wherein the general purpose register is a 32-bit register and a
least significant bit of the immediate i sused to select the data element of the general purpose
register.

4. The method of claim 2, wherein the general purpose register is a 64-bit register and the
two least significant bits of the immediate are used to select the data element of the general
purpose register.

5. The method of claim 1, wherein the immediate is an 8-bit value.

6. The method of claim 1, wherein the destination writemask register is a 16-bit register.

7. The method of claim 1, wherein the destination writemask register is a 64-bit register.

8. The method of claim 7, wherein the selected data element is stored in the least significant
bits of the destination writemask register.
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9. Agl article of manufacture comprising:

atangible machine-readable storage medium having stored thereon an occurrence of an
instruction, wherein theinstruction's format specifies as its source operand a general purpose
register and specifies asits destination a single wrilemask register, and wherein theinstruction
format includes an opcode which instructs a machine, responsive to the single occurrence of the
single instruction, to cause a selection of which data element of the source register isto he
written as awrilemask into the destination writemask register using at least one bit of the

immediate and store the selected data element into the destination wrilemask register.

10. The article of manufacture of claim 9. wherein the selected data clement isa 16-bit field

of the general purpose regisLer.

11. © The article of manufacture of claim 1f), wherein the general purpose register is a 32-bit
register and a least significant bit of thc immediate isused to select the data element of the

general purpose register.

12. The article of manufacture of claim 10, wherein the general purpose regisLer is a 64-bit

register and thetwo least significant bits of flicimmediate are used to select the data clement of

the general purposeregister.
13. The article of manufacture of claim 9, wherein the immediate is an 8-bit value.

14. The article of manufacture of claim 9, wherein the destination writemask registcr is a 16-

bit register.

15. "The article of manufacture of claim 9, wherein the destination writemask register is a 64-

bit register.

16. The article of manufacture of claim 9, wherein the selected data clement is stored in the

least significant bits of the destination writemask register.

17. An apparatus comprising;
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a hardware decoder 1o decode asingle mask extraction from a genera purpose register
instruction that includes a source general purpose register operand, ad&stinéti on wrilemask
register operand, an immediate value, and an opcode;

execution logic to select which data element of the source register isto be written asa
writemassk into the destination wrilemask register using at least one bit of the immediaie and
store the selected data element into 1he destination writcmask register.

18- The apparatus of claim 17, wherein the selected data clement is a 16-bit field of the

genéral purpose register.

10.  The apparatus of claim 18, wherein the general purpose register isa 32-bil register and a
least significant bit of the immediaie isused to select the data clement of the general purpose
register.

20.  The apparatus of claim 18, wherein the genera purpose register isa 64-bit register and
the two least significant bits of the immediate arc used to select the data element of the general
purpose register.

21  The apparatus of claim 17, wherein the immediate is an 8-bit value.

28
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