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APPARATUS AND METHOD OF MASK PERMUTE INSTRUCTIONS

Field of Invention
The present invention pertains to the computing sciences generally, and, more specificaly

to an apparatus and method improved permute instructions.

Background
Fig. 1shows ahigh level diagram of aprocessing core 100 implemented with logic

circuitry on a semiconductor chip. The processing core includes apipeline 101. The pipeline
consists of multiple stages each designed to perform a specific step in the multi-step process
needed to fully execute aprogram code instruction. These typically include at least: 1)
instruction fetch and decode; 2) data fetch; 3) execution; 4) write-back. The execution stage
performs a specific operation identified by an instruction that was fetched and decoded in prior
stage(s) (e.g., in step 1) above) upon data identified by the same instruction and fetched in
another prior stage (e.g., step 2) above). The data that is operated upon istypicaly fetched from
(general purpose) register storage space 102. New data that is created at the completion of the
operation isalso typically "written back" toregister storage space (e.g., a stage 4) above).

The logic circuitry associated with the execution stage istypically composed of multiple
"execution units’ or "functional units’ 103_1 to 103_N that are each designed to perform its own
unique subset of operations (e.g., afirst functional unit performs integer math operations, a
second functional unit performs floating point instructions, athird functional unit performs
load/store operations from/to cache/memory, etc.). The collection of al operations performed by
all the functional units corresponds to the "instruction set" supported by the processing core 100.

Two types of processor architectures are widely recognized in the field of computer
science: "scalar" and "vector”. A scalar processor isdesigned to execute instructions that
perform operations on asingle set of data, whereas, avector processor isdesigned to execute
instructions that perform operations on multiple sets of data. Figs. 2A and 2B present a
comparative example that demonstrates the basic difference between a scalar processor and a
Vector processor.

Fig. 2A shows an example of ascalar AND instruction in which a single operand set, A
and B, are ANDed together to produce asingular (or "scalar") result C (i.e., AB=C). By
contrast, Fig. 2B shows an example of avector AND instruction in which two operand sets, A/B

and D/E, are respectively ANDed together in parallel to smultaneously produce a vector result

1
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C,F (i.e, ALAAND.B=C and D.AND.E=F). Asamatter of terminology, a"vector" isadata
element having multiple "elements’. For example, avector V = Q, R, S, T, U has five different
elements: Q,R, S, Tand U. The "size" of the exemplary vector V isfive (because it has five
elements).

Fig. 1also shows the presence of vector register space 104 that isdifferent that general
purpose register space 102. Specifically, general purpose register space 102 isnominally used to
store scalar values. As such, when, the any of execution units perform scalar operations they
nominally use operands called from (and write results back to) general purpose register storage
space 102. By contrast, when any of the execution units perform vector operations they
nominally use operands called from (and write results back to) vector register space 107.
Different regions of memory may likewise be allocated for the storage of scalar values and
vector values.

Note also the presence of masking logic 104 1 to 104 N and 105 1 to 105 N at the
respective inputs to and outputs from the functional units 103 1 to 103 _N. In various
implementations, only one of these layers is actually implemented - although that isnot a strict
requirement. For any instruction that employs masking, input masking logic 104 1 to 104 N
and/or output masking logic 105_1 to 105 N may be used to control which elements are
effectively operated on for the vector instruction. Here, amask vector isread from amask
register space 106 (e.g., along with input data vectors read from vector register storage space
107) and ispresented to at least one of the masking logic 104, 105 layers.

Over the course of executing vector program code each vector instruction need not
require afull dataword. For example, the input vectors for some instructions may only be 8
elements, the input vectors for other instructions may be 16 elements, the input vectors for other
instructions may be 32 elements, etc. Masking layers 104/105 are therefore used to identify a set
of elements of afull vector data word that apply for aparticular instruction so asto effect
different vector sizes across instructions. Typically, for each vector instruction, a specific mask
pattern kept in mask register space 106 iscalled out by the instruction, fetched from mask
register space and provided to either or both of the mask layers 104/105 to "enable" the correct
set of elements for the particular vector operation.

Figs. 3a, 3b and 3c show the logical operation of prior art VPERMUTE instructions.
Specifically, Figs. 3a, 3b and 3c show the respective logical operations of three different
VPERMUTE instructions (VPERMILPS, VPERMILPD, VPERM2F128).

Fig. 3a shows the logical operation of the VPERMILPS instruction. Asobserved in
Fig. 3a, the VPERMILPS instruction accepts an input operand 301 _C that corresponds to a 256
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bit input vector having eight 32 bit (single precision) floating point values. Theresult isaso a
256 bit vector having eight 32 bit single precision floating point values asits elements 302_C. A
second input vector (not shown) uniquely specifies, for each of the four elements in the lower
half of the result, which of the four elements 301_C 1 through 301 _C 4 in the lower half of the
input vector 301_C isto provide the output element with its content.

Fig. 3a shows the operation for only output elements 302_C 1 and 302 _C 5. Here, the
content of output element 302_C_1 can be "filled" with the content of any of input elements
301 _C 1 through 301_C 4. Which one of input elements 301_C 1 through 301 C 4 is selected
to fill output element 302_C 1 isarticulated in a (not shown) second input vector. Here, the
second input vector contains a separate 2 bit control field for each of the eight elements in the
output vector. The source for an output element in the lower half of the result 302_C must be
chosen from the lower half of input vector 301_C. Likewise, the source for an output element in
the upper half of the result 302_C must be chosen from the upper half of input vector 301 _C.

Although not explicitly shown in Fig. 3a, the content of each of output elements
302 _C 2 through 302_C 4 are uniquely specified as any of input elements 301 _C 1 through
301 _C_4 by way of the information contained in the second input vector. Similarly, as observed
in Fig. 3c, the content of output element 302_C 5 is"filled" with the content of any of input
elements 301_C 5 through 301_C 8. Again, which one of input elements 301 _C_5 through
301 C 8isselectedto fill output element 302_C 5 isalso articulated in the (not shown) second
input vector. The content of each of output elements 302_C_6 through 302_C_8 isuniquely
specified as any of input elements 301_C 5 through 301_C 8 by the (not shown) second input
vector.

Ancther version of the VPERMILPS instruction uses an immediate operand instead of
the second input vector to choose the selection pattern of the input vector 301_C. Here, the input
element selection pattern for the lower half of the destination matches the input element selection
pattern for the upper half of the destination.

Fig. 3b shows the logical operation of the VPERMILPD instruction. Asobserved in
Fig. 3b, the VPERMILPD instruction accepts an input operand 301 _D that corresponds to a 256
bit input vector having four 64 bit (double precision) floating point values. Theresultisaso a
256 bit vector 302_D having four 64 bit double precision floating point values asits elements. A
second input vector (not shown) uniquely specifies, for each of the two elements in the lower
half of the result, which of the two elements 301_D_1 through 301_D_2 in the lower half of the

input vector 301_D isto provide the output element with its content.
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Asobserved in Fig. 3b, each of output elements 302 D 1 and 302_D_2 can be uniquely
"filled" with either of input elements 301_D_1 or 301_D_2. Likewise, each of output elements
302 D_3 and 302_D_4 can beuniquely "filled" with either of input elements 301 D_3 or
301 _C 4. Which input element is selected to fill a specific output element is articulated in a
(not shown) second input vector. Here, the second input vector contains a separate 2 bit control
field for each of the four elements in the output vector.

Ancther version of the VPERMILPD instruction uses an immediate operand instead of
the second input vector to choose the selection pattern of the input vector 301_D. Here, the input
element selection pattern for the lower half of the destination matches the input element selection
pattern for the upper half of the destination.

For both the VPERMIPLS and VPERMIPLD instructions, theresult is stored in a
vector register specified in the instruction format of the instruction. The source of the first input
vector is specified in the instruction format and corresponds to avector register when the second
input vector isutilized to determine the selection pattern. In this case, the source of the second
input vector isalso specified in the instruction format and corresponds to either a second vector
register or amemory location. By contrast, if the immediate operand isused to determine the
selection pattern, the source of the first input vector is specified in the instruction format and
may be a vector register or amemory location.

Fig. 3c shows the logical operation of the VPERM2F128 instruction. Asobserved in
Fig. 3c, the VPERM2F128 instruction accepts two separate 256 bit vector input operands 301_E,
302_E. Both the lower and upper 128 bit halves 303_E 1, 303_E_2 of a 256 bit result 303_E
can befilled with any of the lower or upper halves 301 E 1, 301 E 2, 302_E 1, 302_E 2 of
both input vectors 301_E, 302 _E. Theresult is stored in avector register specified in the
instruction format of the instruction. The sources of both input vectors 301 _E, 302_E are
specified in the instruction format and may correspond to apair of vector registers or one vector

register and one memory location.

BRIEF DESCRIPTION OF THE DRAWINGS
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:
Fig. 1shows an instruction execution pipeline;
Figs. 2aand 2b compare scalar vs. vector processing;
Figs. 3athrough 3c show prior art permute instructions,
Figs. 4athrough 4e show permute instructions for mask vectors;
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Figs. 5a and 5b pertain to execution logic circuitry for implementing the permute
instructions for mask vectors;

Figure 6A illustrates an exemplary AV X instruction format;

Figure 6B illustrates which fields from Figure 6A make up afull opcode field and abase
operation field;

Figure 6C illustrates which fields from Figure 6A make up aregister index field;

Figures 7A-7B are block diagrams illustrating a generic vector friendly instruction format
and instruction templates thereof according to embodiments of the invention;

Figure 8isablock diagram illustrating an exemplary specific vector friendly instruction
format according to embodiments of the invention;

Figure 9isablock diagram of aregister architecture according to one embodiment of the
invention;

Figure 10A 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;

Figure 108 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 beincluded in aprocessor according to embodiments of the invention;

Figures 11A-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;

Figure 12 isablock 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;

Figure 13 isablock diagram of aexemplary system in accordance with an embodiment
of the present invention;

Figure 14 isablock diagram of afirst more specific exemplary system in accordance
with an embodiment of the present invention;

Figure 15 isablock diagram of a second more specific exemplary system in accordance
with an embodiment of the present invention;

Figure 16 is ablock diagram of a SoC in accordance with an embodiment of the present

invention;
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Figure 17 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.

DETAILED DESCRIPTION

Although permute instructions for vector operands have been heretofore known, permute
instructions for mask vectors have not been. A permute instruction for amask vector moves the
individual bits of one or more input mask vectors to aresultant mask vector according to the
permutation pattern called out by the instruction.

Figs. 4athrough 4e show some exemplary permutation patterns for various mask
permutation instructions.

Fig. 4ashows afirst embodiment of amask vector permute instruction. As observed in
Fig. 4a, each bit position in resultant mask vector 402 is "sourced” from a specific bit position in
an input mask vector 401 . In the particular embodiment of Fig. 4a, each bit position in the
resultant mask vector 402 can be sourced from any bit position in the input mask vector 401. For
example, output bit position 402_0 can be sourced from any of bit positions 401_0 through
401 N-1 of the input mask vector 401. Each of the other bit positions of the output vector 402_1
through 402_N-1 can be identically sourced. This means the same bit position in the input mask
vector 401 can be used to source multiple bit positions in the output mask vector.

According to one approach, an immediate operand embedded in the instruction format
indicates, for each output mask vector bit position, which input mask vector bit position isto act
asits source. According to another approach, the immediate operand specifies a particular
pattern of source relationships between the various bit positions of the input mask vector to the
various bit positions of the output mask vector. According to another approach, a second input
vector (not shown), referred to as an "index" vector, is aso provided that articulates, for each bit
position in the output mask vector, what specific input element isto be used to fill that element
in the output mask vector.

According to one embodiment, the underlying hardware of the processing core supports
at least two different vector sizes (e.g., 256 bit and 512 bit). Moreover, the underlying
processing core supports different data element sizes (e.g., 16 bit, 32 bit and 64 bit). The
combination of different operand vector sizes and different data element sizes results in potential
mask vectors of different sizes (i.e., different numbers of bits per mask vector). For example,
mask vector sizes for 512 bit data operand sizes for each of 64 bit, 32 bit and 16 bit data value
sizes are 8 bits, 16 bits and 32 bits respectively. Likewise, mask vector sizes for 256 bit data
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operand sizes for each of 64 bit, 32 bit and 16 bit data value sizes are 4 bits, 8 bits and 16 bits
respectively. Thus, in this example, the range of mask vector sizes that may be presented to an
execution unit for permutation include: 4, 8, 16 and 32 bits.

Fig. 4aindicates amask vector size of N. Thus, one of ordinary skill will understand that
N can be any of 4, 8, 16 and 32 for the exemplary system described above as it applies to the
nomenclature of Fig. 4a. In various embodiments, an immediate operand or other data structure
embedded in the instruction format, or, fetched or referred to data item external to the instruction
specifies for any mask permute instruction what the appropriate value of N is.

Also, in an embodiment, the one or more input mask vector(s) of amask permute
instruction are fetched from mask register space, and, the mask vector resultant of the mask
permute instruction iswritten back to mask vector register space.

For the ensuing discussion of Figs. 4b through 4e, which pertain to mask permute
instructions other than the particular mask permute instruction of Fig. 4a, the same points raised
just above regarding how an instruction specifies amask vector permutation pattern, the
existence of different supported mask vector sizes, and the reading/writing of input/resultant
mask patterns from/to mask register storage space still apply but are not repeated for
convenience.

Fig. 4b shows another mask vector permutation instruction that accepts two N bit input
mask patterns 403, 404. Here, each output bit position of the resultant mask vector pattern 405
can be sourced from any bit position of either of the two input mask patterns 403, 404. For
example, resultant bit position 405_0 can be sourced by any bit position in input mask vector 403
or any bit position in input mask vector 404. Assuch, it ispossible that the same bit position in
one of input mask patterns 403, 404 can source multiple bit positions in the resultant mask vector
405. Note that the number of potential source bit positions for any output bit position is 2N
whereas for the vector mask permute instruction of Fig. 4isN.

Figs. 4c,d,e of pertain another kind of mask vector permute instruction where the input
and output mask vectors are viewed as being broken down into M contiguous "chunks" of N bits.
Here, aresultant bit can only be sourced from one of the bit positions in its corresponding chunk
of the input mask vector. For example, referring to Fig. 4d, 8 bit input 406 and resultant 407
mask vectors are observed. Both vectors are being viewed as being broken down into 4 bit
chunks. A first 4 bit chunk corresponds to the right half of each of the vectors, and, a second 4
bit chunk corresponds to the left half of each vectors.

Here, each bit position in the resultant can only be sourced by abit in its corresponding
half. For example, each of resultant bits 407_0 through 407_3 in the right half of the resultant
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vector 407 can only be sourced by any of the bits 406_0 through 406_3 in the right half of the
input mask vector. Similarly, each of resultant bits 407_4 through 407_7 in the left half of the
resultant vector 407 can only be sourced by any of the bits 406 _4 through 406 _7 in the left half
of the input mask vector. In an embodiment, abit in a specific half of the input vector can
source multiple resultant bits in the same respective half of the resultant mask vector.

The mask permute instruction of Fig. 4e operates similarly to that of the mask permute
instruction of Fig. 4d except that there are four contiguous chunks in the mask rather than two.

Fig. 5a shows an embodiment of a methodology of aexecution unit that supports amask
vector permute instruction. According to the methodology of Fig. 5a, one or more mask vectors
arereceived from mask vector register space 501. Bits of the one or more mask vectors are
permuted to create aresultant (permuted) mask vector 502. The permuted mask vector isthen
written back to mask vector register space 503.

Fig. 5b shows alogic diagram of an execution unit that supports at least one mask vector
permute instruction. In an embodiment, the permute logic 510 supports not only mask vector
permute instructions but also but also (typical) data vector permute instructions such as those
discussed in Figs. 3a,b,c. In this case, when the execution unit executes a (typical) data vector
permute instruction, register 504 (and possibly register 505) hold the input data vector(s) being
permuted. In case the execution unit supports three input operand instructions, athird data input
vector register 506 is also depicted. Notably additional logic (not shown) that the permute logic
510 isasmaller part may be used to support the execution of instructions other than permute
instructions. Again, such logic may accept data input vectors from any of registers 504, 505 and
506. Register 504, 505, 506 may correspond to registers in data vector register space, at the
output of adata fetch stage of an instruction execution pipeline, or, at the input of the execution
unit.

Input mask register 507 supports the write mask capability of the execution unit when it
isexecuting adata vector instruction. As such, mask register 507 is coupled to mask write
circuitry 511. Data vector results are written to resultant register 512 from mask write circuitry
511 which applies the mask from mask register 507 to the "raw" output of the execution logic.
Resultant register 512 may be within data vector register space or at the output of the execution
unit.

Notably, mask register 507 is also coupled to an input of permute logic to support the
execution of mask register permute instructions. A second mask register 508 is also shown to
indicate support for mask vector permute instructions that support two input mask vectors. Mask
registers 507, 508 may be within mask vector register space, the output of a data fetch stage of
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an instruction execution pipeline or the input of the execution unit. The resultant mask vector
from the mask vector permute instruction may be written to resultant register 512 which isalso
coupled to mask vector register space, or, may be written to a separate register (not shown) that
stores mainly (if not only) mask vectors.

Exemplary Instruction Formats

Embodiments of the instruction(s) described herein may be embodied in different
formats. For example, the instruction(s) described herein may be embodied asaVEX, generic
vector friendly, or other format. Details of VEX and ageneric vector friendly format are
discussed below. 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.

VEX Instruction Format

VEX encoding allows instructions to have more than two operands, and allows SEVID
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.

Figure6A illustrates an exemplary AVX instruction format including aVEX prefix 602,
real opcode field 630, Mod R/M byte 640, SIB byte 650, displacement field 662, and EVIM8
672. Figure6B illustrates which fields from Figure 6A make up afull opcode field 674 and a
base operation field 642. Figure 6C illustrates which fields from Figure 6A make up aregister
index field 644.

VEX Prefix (Bytes 0-2) 602 isencoded in athree-byte form. The first byte isthe Format
Field 640 (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. Specificaly, REX field 605 (VEX
Byte 1, bits [7-5]) consists of aVEX.R bit field (VEX Byte 1, bit [7] - R), VEX.X bit field
(VEX byte 1, bit [6] - X), and VEX.B bit field (VEX byte 1, bit[5] - B). Other fields of the
instructions encode the lower three bits of the register indexes asisknown 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 615 (VEX byte 1, bits [4:0] - mmmmm) includes content to encode an
implied leading opcode byte. W Field 664 (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 620 (VEX Byte 2, bits [6:3]-vvvv) may include the following: 1) VEX.vvvv encodes
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the first source register operand, specified in inverted (Is complement) form andisvalid 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 668 Size field
(VEX byte 2, bit [2]-L) = 0, it indicates 128 bit vector; if VEX.L = 1, it indicates 256 bit vector.
Prefix encoding field 625 (VEX byte 2, bits [I:0]-pp) provides additional bits for the base
operation field.

Real Opcode Field 630 (Byte 3) is also known as the opcode byte. Part of the opcodeis
specified in this field.

MOD R/M Field 640 (Byte 4) includes MOD field 642 (bits [7-6]), Reg field 644 (bits
[5-3]), and R/M field 646 (bits [2-0]). Therole of Reg field 644 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 646 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.

Scale, Index, Base (SIB) - The content of Scale field 650 (Byte 5) includes SS652 (bits
[7-6]), which isused for memory address generation. The contents of SIB.xxx 654 (bits [5-3])
and SIB.bbb 656 (bits [2-0]) have been previously referred to with regard to the register indexes
Xxxx and Bbbb.

The Displacement Field 662 and the immediate field (IMM8) 672 contain address data.

Generic Vector Friendly Instruction Format

A vector friendly instruction format is an instruction format that is suited for vector
instructions (e.g., there are certain fields specific to vector operations). While embodiments are
described in which both vector and scalar operations are supported through the vector friendly
instruction format, aternative embodiments use only vector operations the vector friendly
instruction format.

Figures 7A-7B are block diagrams illustrating a generic vector friendly instruction
format and instruction templates thereof according to embodiments of the invention. Figure 7A
isablock diagram illustrating a generic vector friendly instruction format and class A instruction
templates thereof according to embodiments of the invention; while Figure 7B is ablock
diagram illustrating the generic vector friendly instruction format and class B instruction
templates thereof according to embodiments of the invention. Specifically, a generic vector
friendly instruction format 700 for which are defined class A and class B instruction templates,

both of which include no memory access 705 instruction templates and memory access 720

10
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instruction templates. The term generic in the context of the vector friendly instruction format
refers to the instruction format not being tied to any specific instruction set.

While embodiments of the invention will be described in which the vector friendly
instruction format supports the following: a 64 byte vector operand length (or size) with 32 bit (4
byte) or 64 bit (8 byte) data element widths (or sizes) (and thus, a 64 byte vector consists of
either 16 doubleword-size elements or aternatively, 8 quadword-size elements); a 64 byte vector
operand length (or size) with 16 bit (2 byte) or 8 bit (1 byte) data element widths (or sizes); a 32
byte vector operand length (or size) with 32 bit (4 byte), 64 bit (8 byte), 16 bit (2 byte), or 8 bit
(1byte) data element widths (or sizes); and a 16 byte vector operand length (or size) with 32 bit
(4 byte), 64 bit (8 byte), 16 bit (2 byte), or 8 bit (1 byte) data element widths (or sizes);
alternative embodiments may support more, less and/or different vector operand sizes (e.g., 256
byte vector operands) with more, less, or different data element widths (e.g., 128 bit (16 byte)
data element widths).

The class A instruction templates in Figure 7A include: 1) within the no memory access
705 instruction templates there i s shown ano memory access, full round control type operation
710 instruction template and a no memory access, data transform type operation 715 instruction
template; and 2) within the memory access 720 instruction templates there is shown a memory
access, temporal 725 instruction template and amemory access, non-temporal 730 instruction
template. The class B instruction templates in Figure 7B include: 1) within the no memory
access 705 instruction templates there is shown ano memory access, write mask control, partial
round control type operation 712 instruction template and ano memory access, write mask
control, vsize type operation 717 instruction template; and 2) within the memory access 720
instruction templates there is shown amemory access, write mask control 727 instruction
template.

The generic vector friendly instruction format 700 includes the following fields listed
below in the order illustrated in Figures 7A-7B. In conjunction with the discussions above in
Figures 4a-e and 5a,b, in an embodiment, referring to the format details provided below in
Figures 7A-B and 8, addresses for the read mask(s), and destination may be identified in register
address field 744 described below. In afurther embodiment, the location of awrite mask is
specified in write mask field 770.

Format field 740 - a specific value (an instruction format identifier value) in this field
uniquely identifies the vector friendly instruction format, and thus occurrences of instructions in

the vector friendly instruction format in instruction streams. As such, this field is optional in the
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sense that it is not needed for an instruction set that has only the generic vector friendly
instruction format.

Base operation field 742 - its content distinguishes different base operations.

Register index field 744 - its content, directly or through address generation, specifies the
locations of the source and destination operands, be they in registers or in memory. These
include a sufficient number of bits to select N registers from aPxQ (e.g. 32x512, 16x128,
32x1024, 64x1024) register file. While in one embodiment N may be up to three sources and
one destination register, alternative embodiments may support more or less sources and
destination registers (e.g., may support up to two sources where one of these sources also acts as
the destination, may support up to three sources where one of these sources also acts as the
destination, may support up to two sources and one destination).

Modifier field 746 - its content distinguishes occurrences of instructions in the generic
vector instruction format that specify memory access from those that do not; that is, between no
memory access 705 instruction templates and memory access 720 instruction templates.
Memory access operations read and/or write to the memory hierarchy (in some cases specifying
the source and/or destination addresses using values in registers), while non-memory access
operations do not (e.g., the source and destinations are registers). While in one embodiment this
field also selects between three different ways to perform memory address calculations,
alternative embodiments may support more, less, or different ways to perform memory address
calculations.

Augmentation operation field 750 - its content distinguishes which one of avariety of
different operations to be performed in addition to the base operation. This field is context
specific. In one embodiment of the invention, this field isdivided into aclass field 768, an apha
field 752, and abeta field 754. The augmentation operation field 750 allows common groups of
operations to be performed in a single instruction rather than 2, 3, or 4 instructions.

Scalefield 760 - its content allows for the scaling of the index field's content for
memory address generation (e.g., for address generation that uses 2% * index + base).

Displacement Field 762A- its content isused as part of memory address generation (e.g.,
for address generation that uses 2 * index + base + displacement).

Displacement Factor Field 762B (note that the juxtaposition of displacement field 762A
directly over displacement factor field 762B indicates one or the other isused) - its content is
used as part of address generation; it specifies a displacement factor that isto be scaled by the
size of amemory access (N) - where N isthe number of bytes in the memory access (e.g., for

address generation that uses 2 * index + base + scaled displacement). Redundant |ow-order
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bits are ignored and hence, the displacement factor field' scontent is multiplied by the memory
operands total size (N) in order to generate the final displacement to be used in calculating an
effective address. The value of N is determined by the processor hardware at runtime based on
the full opcode field 774 (described later herein) and the data manipulation field 754C. The
displacement field 762A and the displacement factor field 762B are optional in the sense that
they are not used for the no memory access 705 instruction templates and/or different
embodiments may implement only one or none of the two.

Data element width field 764 - its content distinguishes which one of anumber of data
element widths isto be used (in some embodiments for all instructions; in other embodiments for
only some of the instructions). Thisfield isoptional in the sense that it isnot needed if only one
data element width is supported and/or data element widths are supported using some aspect of
the opcodes.

Write mask field 770 - its content controls, on aper data element position basis, whether
that data element position in the destination vector operand reflects the result of the base
operation and augmentation operation. Class A instruction templates support merging-
writemasking, while class B instruction templates support both merging- and zeroing-
writemasking. When merging, vector masks alow any set of elements in the destination to be
protected from updates during the execution of any operation (specified by the base operation
and the augmentation operation); in other one embodiment, preserving the old value of each
element of the destination where the corresponding mask bit has a0. In contrast, when zeroing
vector masks alow any set of elements in the destination to be zeroed during the execution of
any operation (specified by the base operation and the augmentation operation); in one
embodiment, an element of the destination is set to 0 when the corresponding mask bit has a0
value. A subset of this functionality isthe ability to control the vector length of the operation
being performed (that is, the span of elements being modified, from the first to the last one);
however, it isnot necessary that the elements that are modified be consecutive. Thus, the write
mask field 770 allows for partial vector operations, including loads, stores, arithmetic, logical,
etc. While embodiments of the invention are described in which the write mask field's 770
content selects one of anumber of write mask registers that contains the write mask to be used
(and thus the write mask field's 770 content indirectly identifies that masking to be performed),
alternative embodiments instead or additional allow the mask write field's 770 content to directly
specify the masking to be performed.

Immediate field 772 - its content allows for the specification of an immediate. This field

isoptional in the sense that isit not present in an implementation of the generic vector friendly
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format that does not support immediate and it i s not present in instructions that do not use an
immediate.

Class field 768 - its content distinguishes between different classes of instructions. With
reference to Figures 7A-B, the contents of this field select between class A and class B
instructions. In Figures 7A-B, rounded corner squares are used to indicate a specific valueis
present in afield (e.g., class A 768A and class B 768B for the class field 768 respectively in
Figures 7A-B).

Instruction Templates of Class A

In the case of the non-memory access 705 instruction templates of class A, the alphafield
752 isinterpreted as an RSfield 752A, whose content distinguishes which one of the different
augmentation operation types are to be performed (e.g., round 752A.1 and data transform
752A.2 are respectively specified for the no memory access, round type operation 710 and the no
memory access, data transform type operation 715 instruction templates), while the beta field
754 distinguishes which of the operations of the specified typeisto be performed. Inthe no
memory access 705 instruction templates, the scale field 760, the displacement field 762A, and
the displacement scale filed 762B are not present.

No-Memory Access Instruction Templates - Full Round Control Type Operation

In the no memory access full round control type operation 710 instruction template, the
beta field 754 isinterpreted as around control field 754A, whose content(s) provide static
rounding. While in the described embodiments of the invention the round control field 754A
includes a suppress all floating point exceptions (SAE) field 756 and around operation control
field 758, alternative embodiments may support may encode both these concepts into the same
field or only have one or the other of these concepts/fields (e.g., may have only the round
operation control field 758).

SAE field 756 - its content distinguishes whether or not to disable the exception event
reporting; when the SAE field's 756 content indicates suppression is enabled, a given instruction
does not report any kind of floating-point exception flag and does not raise any floating point
exception handler.

Round operation control field 758 - its content distinguishes which one of a group of
rounding operations to perform (e.g., Round-up, Round-down, Round-towards-zero and Round-
to-nearest). Thus, the round operation control field 758 allows for the changing of the rounding
mode on aper instruction basis. In one embodiment of the invention where a processor includes
acontrol register for specifying rounding modes, the round operation control field's 750 content
overrides that register value.
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No Memory Access Instruction Templates - Data Transform Type Operation

In the no memory access data transform type operation 715 instruction template, the beta
field 754 isinterpreted as adata transform field 754B, whose content distinguishes which one of
anumber of data transforms isto be performed (e.g., no data transform, swizzle, broadcast).

In the case of amemory access 720 instruction template of class A, the alpha field 752 is
interpreted as an eviction hint field 752B, whose content distinguishes which one of the eviction
hints isto be used (in Figure 7A, temporal 752B.1 and non-temporal 752B.2 are respectively
specified for the memory access, temporal 725 instruction template and the memory access, non-
temporal 730 instruction template), while the beta field 754 isinterpreted as a data manipulation
field 754C, whose content distinguishes which one of anumber of data manipulation operations
(also known as primitives) isto be performed (e.g., no manipulation; broadcast; up conversion of
a source; and down conversion of adestination). The memory access 720 instruction templates
include the scale field 760, and optionally the displacement field 762A or the displacement scale
field 762B.

Vector memory instructions perform vector loads from and vector stores to memory, with
conversion support. Aswith regular vector instructions, vector memory instructions transfer
data from/to memory in a data element- wise fashion, with the elements that are actualy
transferred isdictated by the contents of the vector mask that is selected as the write mask.

Memory Access Instruction Templates - Temporal

Temporal dataisdata likely to be reused soon enough to benefit from caching. Thisis,
however, ahint, and different processors may implement it in different ways, including ignoring
the hint entirely.

Memory Access Instruction Templates - Non-Temporal

Non-temporal data isdata unlikely to be reused soon enough to benefit from caching in
the 1st-level cache and should be given priority for eviction. This is, however, ahint, and
different processors may implement it in different ways, including ignoring the hint entirely.

Instruction Templates of Class B

In the case of the instruction templates of class B, the alpha field 752 isinterpreted as a
write mask control (Z) field 752C, whose content distinguishes whether the write masking
controlled by the write mask field 770 should be amerging or azeroing.

In the case of the non-memory access 705 instruction templates of class B, part of the
beta field 754 isinterpreted as an RL field 757A, whose content distinguishes which one of the
different augmentation operation types are to be performed (e.g., round 757A.1 and vector length

(VSIZE) 757A.2 are respectively specified for the no memory access, write mask control, partial
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round control type operation 712 instruction template and the no memory access, write mask
control, VSIZE type operation 717 instruction template), while the rest of the beta field 754
distinguishes which of the operations of the specified type isto be performed. In the no memory
access 705 instruction templates, the scale field 760, the displacement field 762A, and the
displacement scale filed 762B are not present.

In the no memory access, write mask control, partial round control type operation 710
instruction template, the rest of the beta field 754 isinterpreted as around operation field 759A
and exception event reporting isdisabled (a given instruction does not report any kind of
floating-point exception flag and does not raise any floating point exception handler).

Round operation control field 759A - just asround operation control field 758, its
content distinguishes which one of a group of rounding operations to perform (e.g., Round-up,
Round-down, Round-towards-zero and Round-to-nearest). Thus, the round operation control
field 759A allows for the changing of the rounding mode on aper instruction basis. In one
embodiment of the invention where aprocessor includes a control register for specifying
rounding modes, the round operation control field's 750 content overrides that register value.

In the no memory access, write mask control, VSIZE type operation 717 instruction
template, the rest of the beta field 754 isinterpreted as avector length field 759B, whose content
distinguishes which one of anumber of data vector lengths isto be performed on (e.g., 128, 256,
or 512 byte).

In the case of amemory access 720 instruction template of class B, part of the beta field
754 isinterpreted as abroadcast field 757B, whose content distinguishes whether or not the
broadcast type data manipulation operation isto be performed, while the rest of the beta field
754 isinterpreted the vector length field 759B. The memory access 720 instruction templates
include the scale field 760, and optionally the displacement field 762A or the displacement scale
field 762B.

With regard to the generic vector friendly instruction format 700, afull opcode field 774
is shown including the format field 740, the base operation field 742, and the data element width
field 764. While one embodiment is shown where the full opcode field 774 includes al of these
fields, the full opcode field 774 includes less than all of these fields in embodiments that do not
support all of them. The full opcode field 774 provides the operation code (opcode).

The augmentation operation field 750, the data element width field 764, and the write
mask field 770 allow these features to be specified on aper instruction basis in the generic vector

friendly instruction format.
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The combination of write mask field and data element width field create typed
instructions in that they allow the mask to be applied based on different data e ement widths.

The various instruction templates found within class A and class B are beneficial in
different situations. In some embodiments of the invention, different processors or different
cores within aprocessor may support only class A, only class B, or both classes. For instance, a
high performance general purpose out-of-order core intended for general-purpose computing
may support only class B, acore intended primarily for graphics and/or scientific (throughput)
computing may support only class A, and a core intended for both may support both (of course, a
core that has some mix of templates and instructions from both classes but not all templates and
instructions from both classes iswithin the purview of the invention). Also, a single processor
may include multiple cores, all of which support the same class or in which different cores
support different class. For instance, in aprocessor with separate graphics and general purpose
cores, one of the graphics cores intended primarily for graphics and/or scientific computing may
support only class A, while one or more of the general purpose cores may be high performance
genera purpose cores with out of order execution and register renaming intended for general-
purpose computing that support only class B. Another processor that does not have a separate
graphics core, may include one more general purpose in-order or out-of-order cores that support
both class A and class B. Of course, features from one class may also be implement in the other
class in different embodiments of the invention. Programs written in ahigh level language
would beput (e.g., just in time compiled or statically compiled) into an variety of different
executable forms, including: 1) aform having only instructions of the class(es) supported by the
target processor for execution; or 2) aform having aternative routines written using different
combinations of the instructions of all classes and having control flow code that selects the
routines to execute based on the instructions supported by the processor which is currently
executing the code.

Exemplary Specific Vector Friendly Instruction Format

Figure 8isablock diagram illustrating an exemplary specific vector friendly instruction
format according to embodiments of the invention. Figure 8 shows a specific vector friendly
instruction format 800 that is specific in the sense that it specifies the location, size,
interpretation, and order of the fields, aswell asvalues for some of those fields. The specific
vector friendly instruction format 800 may be used to extend the x86 instruction set, and thus
some of the fields are similar or the same as those used in the existing x86 instruction set and
extension thereof (e.g., AVX). This format remains consistent with the prefix encoding field,
real opcode byte field, MOD R/M field, SIB field, displacement field, and immediate fields of
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the existing x86 instruction set with extensions. The fields from Figure 7 into which the fields
from Figure 8 map are illustrated.

It should be understood that, although embodiments of the invention are described with
reference to the specific vector friendly instruction format 800 in the context of the generic
vector friendly instruction format 700 for illustrative purposes, the invention isnot limited to the
specific vector friendly instruction format 800 except where claimed. For example, the generic
vector friendly instruction format 700 contemplates avariety of possible sizes for the various
fields, while the specific vector friendly instruction format 800 is shown as having fields of
specific sizes. By way of specific example, while the data element width field 764 isillustrated
as aonebit field in the specific vector friendly instruction format 800, the invention isnot so
limited (that is, the generic vector friendly instruction format 700 contemplates other sizes of the
data element width field 764).

The generic vector friendly instruction format 700 includes the following fields listed
below in the order illustrated in Figure 8A.

EVEX Prefix (Bytes 0-3) 802 - isencoded in afour-byte form.

Format Field 740 (EVEX Byte 0, bits [7:0]) - the first byte (EVEX Byte 0) isthe format
field 740 and it contains 0x62 (the unique value used for distinguishing the vector friendly
instruction format in one embodiment of the invention).

The second-fourth bytes (EVEX Bytes 1-3) include anumber of bit fields providing
specific capability.

REX field 805 (EVEX Byte 1, bits [7-5]) - consists of aEVEX.R bit field (EVEX Byte
1, bit [7] - R), EVEX.X bit field (EVEX byte 1, bit [6] - X), and 757BEX byte 1, bit[5] - B).
The EVEX.R, EVEX.X, and EVEX.B bit fields provide the same functionality asthe
corresponding VEX bit fields, and are encoded using | scomplement form, i.e. ZMMO is
encoded as 1111B, ZMM15 isencoded as 0000B. Other fields of the instructions encode the
lower three bits of the register indexes asisknown in the art (rrr, xxx, and bbb), so that Rrrr,
Xxxx, and Bbbb may be formed by adding EVEX.R, EVEX.X, and EVEX.B.

REX" field 710 - thisisthe first part of the REX' field 710 and isthe EVEX.R' bit field
(EVEX Byte 1, bit [4] - R) that isused to encode either the upper 16 or lower 16 of the extended
32 register set. In one embodiment of the invention, this bit, along with others asindicated
below, is stored in bit inverted format to distinguish (in the well-known x86 32-bit mode) from
the BOUND instruction, whose real opcode byte is 62, but does not accept in the MOD R/M
field (described below) the value of 11inthe MOD field; alternative embodiments of the

invention do not store this and the other indicated bits below in the inverted format. A value of 1
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isused to encode the lower 16 registers. In other words, R'Rrrr isformed by combining
EVEX.R', EVEX.R, and the other RRR from other fields.

Opcode map field 815 (EVEX byte 1, bits [3:0] - mmmm) - its content encodes an
implied leading opcode byte (OF, oF 38, or OF 3).

Data element width field 764 (EVEX byte 2, bit [7] - W) - isrepresented by the notation
EVEX.W. EVEX.W isused to define the granularity (size) of the datatype (either 32-bit data
elements or 64-bit data elements).

EVEX.vvwv 820 (EVEX Byte 2, bits [6:3]-vvvv)- the role of EVEX.vvvv may include
the following: 1) EVEX.vvvv encodes the first source register operand, specified in inverted (Is
complement) form and is valid for instructions with 2 or more source operands; 2) EVEX.vvvv
encodes the destination register operand, specified in | scomplement form for certain vector
shifts; or 3) EVEX.vvvv does not encode any operand, the field isreserved and should contain
111lb. Thus, EVEX.vvvv field 820 encodes the 4 low-order bits of the first source register
specifier stored in inverted (Is complement) form. Depending on the instruction, an extra
different EVEX bit field isused to extend the specifier size to 32 registers.

EVEX.U 768 Class field (EVEX byte 2, bit [2]-U) - If EVEX.U = 0, it indicates class A
or EVEX.UQ; if EVEX.U = 1, it indicates class B or EVEX.UL

Prefix encoding field 825 (EVEX byte 2, bits [I:0]-pp) - provides additional bits for the
base operation field. In addition to providing support for the legacy SSE instructions in the
EVEX prefix format, this aso has the benefit of compacting the SIMD prefix (rather than
requiring abyte to express the SIMD prefix, the EVEX prefix requires only 2 bits). In one
embodiment, to support legacy SSE instructions that use a SIMD prefix (66H, F2H, F3H) in both
the legacy format and in the EVEX prefix format, these legacy SIMD prefixes are encoded into
the SIMD prefix encoding field; and at runtime are expanded into the legacy SIMD prefix prior
to being provided to the decoder's PLA (so the PLA can execute both the legacy and EVEX
format of these legacy instructions without modification). Although newer instructions could
use the EVEX prefix encoding field's content directly as an opcode extension, certain
embodiments expand in a similar fashion for consistency but allow for different meanings to be
specified by these legacy SIMD prefixes. An alternative embodiment may redesign the PLA to
support the 2 bit SIMD prefix encodings, and thus not require the expansion.

Alphafield 752 (EVEX byte 3, bit [7] - EH; also known as EVEX.EH, EVEX.rs,
EVEX.RL, EVEX.write mask control, and EVEX.N; aso illustrated with a) - aspreviously
described, this field is context specific.

19



10

15

20

25

30

WO 2013/095613 PCT/US2011/067090

Beta field 754 (EVEX byte 3, hits [6:4]-SSS, also known as EVEX.s, o, EVEX.I,,
EVEX.rrl, EVEX.LLO, EVEX.LLB; aso illustrated with BpR) - aspreviously described, this
field is context specific.

REX' field 710 - thisisthe remainder of the REX' field and isthe EVEX.V bit field
(EVEX Byte 3, bit [3] - V ) that may be used to encode either the upper 16 or lower 16 of the
extended 32 register set. This bit is stored in bit inverted format. A value of lisused to encode
the lower 16 registers. In other words, V'VVVV isformed by combining EVEX.V,
EVEX.vvvv.

Write mask field 770 (EVEX byte 3, bits [2:0]-kkK) - its content specifies the index of a
register in the write mask registers as previously described. In one embodiment of the invention,
the specific value EVEX.kkk=000 has a specia behavior implying no write mask isused for the
particular instruction (this may be implemented in avariety of ways including the use of awrite
mask hardwired to al ones or hardware that bypasses the masking hardware).

Real Opcode Field 830 (Byte 4) is also known as the opcode byte. Part of the opcode is
specified in this field.

MOD R/M Field 840 (Byte 5) includes MOD field 842, Reg field 844, and R/M field
846. Aspreviously described, the MOD field's 842 content distinguishes between memory
access and non-memory access operations. The role of Reg field 844 can be summarized to two
situations: encoding either the destination register operand or a source register operand, or be
treated as an opcode extension and not used to encode any instruction operand. The role of R/M
field 846 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.

Scale, Index, Base (SIB) Byte (Byte 6) - Aspreviously described, the scale field's 750
content isused for memory address generation. SIB.xxx 854 and SIB.bbb 856 - the contents of
these fields have been previously referred to with regard to the register indexes Xxxx and Bbbb.

Displacement field 762A (Bytes 7-10) - when MOD field 842 contains 10, bytes 7-10 are
the displacement field 762A, and it works the same as the legacy 32-bit displacement (disp32)
and works at byte granularity.

Displacement factor field 762B (Byte 7) - when MOD field 842 contains 01, byte 7 isthe
displacement factor field 762B. The location of this field isthat same asthat of the legacy x86
instruction set 8-bit displacement (disp8), which works at byte granularity. Since disp8 is sign
extended, it can only address between -128 and 127 bytes offsets; in terms of 64 byte cache lines,
disp8 uses 8 hits that can be set to only four really useful values -128, -64, 0, and 64; since a
greater range is often needed, disp32 isused; however, disp32 requires 4 bytes. In contrast to
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disp8 and disp32, the displacement factor field 762B is areinterpretation of disp8; when using
displacement factor field 762B, the actual displacement is determined by the content of the
displacement factor field multiplied by the size of the memory operand access (N). This type of
displacement isreferred to as disp8*N. This reduces the average instruction length (a single byte
of used for the displacement but with amuch greater range). Such compressed displacement is
based on the assumption that the effective displacement is multiple of the granularity of the
memory access, and hence, the redundant low-order bits of the address offset do not need to be
encoded. In other words, the displacement factor field 762B substitutes the legacy x86
instruction set 8-bit displacement. Thus, the displacement factor field 762B is encoded the same
way as an X86 instruction set 8-bit displacement (so no changes in the ModRM/SIB encoding
rules) with the only exception that disp8 is overloaded to disp8*N. In other words, there are no
changes in the encoding rules or encoding lengths but only in the interpretation of the
displacement value by hardware (which needs to scale the displacement by the size of the
memory operand to obtain abyte-wise address offset).

Immediate field 772 operates as previously described.

Full Opcode Field

Figure 8B isablock diagram illustrating the fields of the specific vector friendly
instruction format 800 that make up the full opcode field 774 according to one embodiment of
the invention. Specifically, the full opcode field 774 includes the format field 740, the base
operation field 742, and the data element width (W) field 764. The base operation field 742
includes the prefix encoding field 825, the opcode map field 815, and the real opcode field 830.

Register Index Field

Figure 8C isablock diagram illustrating the fields of the specific vector friendly
instruction format 800 that make up the register index field 744 according to one embodiment of
the invention. Specifically, theregister index field 744 includes the REX field 805, the REX'
field 810, the MODR/M.reg field 844, the MODR/M.r/m field 846, theW W field 820, xxx
field 854, and the bbb field 856.

Augmentation Operation Field

Figure 8D isablock diagram illustrating the fields of the specific vector friendly
instruction format 800 that make up the augmentation operation field 750 according to one
embodiment of the invention. When the class (U) field 768 contains 0, it signifies EVEX.UO
(class A 768A); when it contains 1, it signifies EVEX.U1 (class B 768B). When U=0 and the
MOD field 842 contains 11 (signifying ano memory access operation), the alphafield 752
(EVEX byte 3, bit [7] - EH) isinterpreted asthersfield 752A. When the rsfield 752A contains
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a 1(round 752A.1), the beta field 754 (EVEX byte 3, bits [6:4]- SSS) isinterpreted asthe round
control field 754A. The round control field 754A includes a one bit SAE field 756 and atwo bit
round operation field 758. When the rsfield 752A contains a 0 (data transform 752A.2), the beta
field 754 (EVEX byte 3, bits [6:4]- SSS) isinterpreted as athree bit data transform field 754B.
When U=0 and the MOD field 842 contains 00, 01, or 10 (signifying amemory access
operation), the apha field 752 (EVEX byte 3, bit [7] - EH) isinterpreted asthe eviction hint
(EH) field 752B and the beta field 754 (EVEX byte 3, bits [6:4]- SSS) isinterpreted as athree bit
data manipulation field 754C.

When U=l, the alpha field 752 (EVEX byte 3, bit [7] - EH) isinterpreted asthe write
mask control (Z) field 752C. When U=l and the MOD field 842 contains 11 (signifying ano
memory access operation), part of the beta field 754 (EVEX byte 3, bit [4]- So) isinterpreted as
the RL field 757A; when it contains a 1 (round 757A .1) the rest of the beta field 754 (EVEX
byte 3, bit [6-5]- S,-i) isinterpreted asthe round operation field 759A, while when the RL field
757A contains a0 (VSIZE 757.A2) the rest of the beta field 754 (EVEX byte 3, bit [6-5]- S, ) is
interpreted as the vector length field 759B (EVEX byte 3, bit [6-5]- L, /). When U=l and the
MOD field 842 contains 00, 01, or 10 (signifying amemory access operation), the beta field 754
(EVEX byte 3, bits [6:4]- SSS) isinterpreted asthe vector length field 759B (EVEX byte 3, bit
[6-5]- Li_o) and the broadcast field 757B (EVEX byte 3, bit [4]- B).

Exemplary Register Architecture

Figure9isablock diagram of aregister architecture 900 according to one embodiment
of the invention. In the embodiment illustrated, there are 32 vector registers 910 that are 512 bits
wide; these registers are referenced as zmmoO through zmm31. The lower order 256 bits of the
lower 16 zmm registers are overlaid on registers ymmO-16. The lower order 128 hits of the
lower 16 zmm registers (the lower order 128 bits of the ymm registers) are overlaid on registers
xmmO-15. The specific vector friendly instruction format 800 operates on these overlaid register

file asillustrated in the below tables.

Adjustabl Class Operation Registers
e Vector Length S

Instructio A (Figure 710, 715, zmm
n Templates that | 7A; U=0) 725, 730 registers (the
do not include vector length is
the vector length 64 byte)
tield 759B B (Figure 712 zmm

7B; U=1) registers (the
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vector length is
64 byte)

Instructio
n Templates that
do include the
vector length
field 759B

B (Figure
7B; U=l)

717, 727

zmm,
ymm, or xmm
registers (the
vector length is
64 byte, 32 byte,

or 16 byte)
depending on the
vector length
field 759B

In other words, the vector length field 759B selects between amaximum length and one
or more other shorter lengths, where each such shorter length ishalf the length of the preceding
length; and instructions templates without the vector length field 759B operate on the maximum
vector length. Further, in one embodiment, the class B instruction templates of the specific
vector friendly instruction format 800 operate on packed or scalar single/double-precision
floating point data and packed or scalar integer data. Scalar operations are operations performed
on the lowest order data element position in an zmm/ymm/xmm register; the higher order data
element positions are either left the same as they were prior to the instruction or zeroed
depending on the embodiment.

Write mask registers 915 - in the embodiment illustrated, there are 8 write mask registers
(kO through k7), each 64 bitsin size. In an aternate embodiment, the write mask registers 915
are 16 bitsin 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 k Oisused for awrite mask, it selects ahardwired write mask of OxFFFF, effectively
disabling write masking for that instruction.

Genera-purpose registers 925 - 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.

Scalar floating point stack register file (x87 stack) 945, on which is aiased the MMX
packed integer flat register file 950 - 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
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using the x87 instruction set extension; while the MMX registers are used to perform operations
on 64-bit packed integer data, aswell asto hold operands for some operations performed
between the MM X and XMM registers.

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

Exemplary Core Architectures, Processors, and Computer Architectures

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 general
purpose in-order core intended for general-purpose computing; 2) ahigh performance genera
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) aCPU 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) a coprocessor including one or more special
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 asa 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.

Exemplary Core Architectures

In-order and out-of-order core block diagram

Figure 10A 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. Figure 10B 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 10A-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
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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.

In Figure 10A, aprocessor pipeline 1000 includes afetch stage 1002, alength decode
stage 1004, a decode stage 1006, an allocation stage 1008, arenaming stage 1010, a scheduling
(also known as a dispatch or issue) stage 1012, aregister read/memory read stage 1014, an
execute stage 1016, awrite back/memory write stage 1018, an exception handling stage 1022,
and acommit stage 1024.

Figure 10B shows processor core 1090 including afront end unit 1030 coupled to an
execution engine unit 1050, and both are coupled to amemory unit 1070. The core 1090 may be
areduced 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 1090 may be a special-purpose core, such as, for example, anetwork or
communication core, COMpression engine, CoOprocessor core, general purpose computing graphics
processing unit (GPGPU) core, graphics core, or the like.

The front end unit 1030 includes abranch prediction unit 1032 coupled to an instruction
cache unit 1034, which iscoupled to an instruction translation lookaside buffer (TLB) 1036,
which iscoupled to an instruction fetch unit 1038, which is coupled to a decode unit 1040. The
decode unit 1040 (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 original
instructions. The decode unit 1040 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 (ROMS),
etc. In one embodiment, the core 1090 includes a microcode ROM or other medium that stores
microcode for certain macroinstructions (e.g., in decode unit 1040 or otherwise within the front
end unit 1030). The decode unit 1040 is coupled to arename/alocator unit 1052 in the
execution engine unit 1050.

The execution engine unit 1050 includes the rename/allocator unit 1052 coupled to a
retirement unit 1054 and a set of one or more scheduler unit(s) 1056. The scheduler unit(s) 1056
represents any number of different schedulers, including reservations stations, central instruction
window, etc. The scheduler unit(s) 1056 iscoupled to the physical register file(s) unit(s) 1058.
Each of the physical register file(s) units 1058 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
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(e.g., aninstruction pointer that isthe address of the next instruction to be executed), etc. In one
embodiment, the physical register file(s) unit 1058 comprises avector 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) 1058 is overlapped by the retirement unit 1054 to illustrate various ways in which
register renaming and out-of-order execution may be implemented (e.g., using areorder buffer(s)
and aretirement 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 1054 and
the physical register file(s) unit(s) 1058 are coupled to the execution cluster(s) 1060. The
execution cluster(s) 1060 includes a set of one or more execution units 1062 and a set of one or
more memory access units 1064. The execution units 1062 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 all functions. The scheduler unit(s) 1056, physical
register file(s) unit(s) 1058, and execution cluster(s) 1060 are shown as being possibly plural
because certain embodiments create separate pipelines for certain types of data/operations (e.g., a
scalar integer pipeline, a scalar 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) 1064). 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.

The set of memory access units 1064 is coupled to the memory unit 1070, which includes
adata TLB unit 1072 coupled to adata cache unit 1074 coupled to alevel 2 (L2) cache unit
1076. In one exemplary embodiment, the memory access units 1064 may include aload unit, a
store address unit, and a store data unit, each of which iscoupled to the data TLB unit 1072 in
the memory unit 1070. The instruction cache unit 1034 isfurther coupled to alevel 2 (L2) cache
unit 1076 in the memory unit 1070. The L2 cache unit 1076 is coupled to one or more other
levels of cache and eventually to amain memory.

By way of example, the exemplary register renaming, out-of-order issue/execution core

architecture may implement the pipeline 1000 asfollows: 1) the instruction fetch 1038 performs
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the fetch and length decoding stages 1002 and 1004; 2) the decode unit 1040 performs the
decode stage 1006; 3) the rename/allocator unit 1052 performs the allocation stage 1008 and
renaming stage 1010; 4) the scheduler unit(s) 1056 performs the schedule stage 1012; 5) the
physical register file(s) unit(s) 1058 and the memory unit 1070 perform the register read/memory
read stage 1014; the execution cluster 1060 perform the execute stage 1016; 6) the memory unit
1070 and the physical register file(s) unit(s) 1058 perform the write back/memory write stage
1018; 7) various units may be involved in the exception handling stage 1022; and 8) the
retirement unit 1054 and the physical register file(s) unit(s) 1058 perform the commit stage 1024.

The core 1090 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 1090 includes logic to support apacked data
instruction set extension (e.g., AVX1, AVX2, and/or some form of the generic vector friendly
instruction format (U=0 and/or U=Il) previously described), thereby allowing the operations used
by many multimedia applications to be performed using packed data.

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 sliced
multithreading, simultaneous multithreading (where asingle physical core provides alogical
core for each of the threads that physical core is simultaneously multithreading), or a
combination thereof (e.g., time sliced fetching and decoding and simultaneous multithreading
thereafter such asin the Intel® Hyperthreading technology).

While register renaming isdescribed 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 1034/1074
and a shared L2 cache unit 1076, alternative embodiments may have a single internal cache for
both instructions and data, such as, for example, aLevel 1(LI) interna cache, or multiple levels
of internal cache. In some embodiments, the system may include acombination of an internal
cache and an external cache that isexternal to the core and/or the processor. Alternatively, all of
the cache may be externa to the core and/or the processor.

Specific Exemplary In-Order Core Architecture

Figures 11A-B illustrate ablock diagram of amore 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 ahigh-bandwidth
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interconnect network (e.g., aring network) with some fixed function logic, memory 1/0
interfaces, and other necessary 1/0 logic, depending on the application.

Figure 11A isablock diagram of a single processor core, along with its connection to the
on-die interconnect network 1102 and with its local subset of the Level 2 (L2) cache 1104,
according to embodiments of the invention. In one embodiment, an instruction decoder 1100
supports the x86 instruction set with apacked data instruction set extension. An L | cache 1106
allows low-latency accesses to cache memory into the scalar and vector units. While in one
embodiment (to simplify the design), a scalar unit 1108 and avector unit 1110 use separate
register sets (respectively, scalar registers 1112 and vector registers 1114) and data transferred
between them iswritten to memory and then read back in from alevel 1(LI) cache 1106,
alternative embodiments of the invention may use adifferent approach (e.g., use a single register
set or include acommunication path that allow data to be transferred between the two register
files without being written and read back).

The local subset of the L2 cache 1104 ispart of agloba L2 cache that isdivided into
separate local subsets, one per processor core. Each processor core has adirect access path toits
own local subset of the L2 cache 1104. Data read by aprocessor core is stored inits L2 cache
subset 1104 and can be accessed quickly, in parallel with other processor cores accessing their
own local L2 cache subsets. Data written by aprocessor core is stored inits own L2 cache
subset 1104 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.

Figure 11B isan expanded view of part of the processor core in Figure 11A according to
embodiments of the invention. Figure 11B includes an L | data cache 1106A part of the L1
cache 1104, aswell as more detail regarding the vector unit 1110 and the vector registers 1114.
Specificaly, the vector unit 1110 isa 16-wide vector processing unit (VPU) (seethe 16-wide
ALU 1128), 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 1120,
numeric conversion with numeric convert units 1122A-B, and replication with replication unit
1124 on the memory input. Write mask registers 1126 alow predicating resulting vector writes.

Processor with integrated memory controller and graphics

Figure 12 isablock diagram of aprocessor 1200 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 12 illustrate aprocessor 1200
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with asingle core 1202A, a system agent 1210, a set of one or more bus controller units 1216,
while the optional addition of the dashed lined boxes illustrates an alternative processor 1200
with multiple cores 1202A-N, a set of one or more integrated memory controller unit(s) 1214in
the system agent unit 1210, and specia purpose logic 1208.

Thus, different implementations of the processor 1200 may include: 1) aCPU with the
special purpose logic 1208 being integrated graphics and/or scientific (throughput) logic (which
may include one or more cores), and the cores 1202A-N being one or more general purpose
cores (e.g., general purpose in-order cores, general purpose out-of-order cores, acombination of
the two); 2) acoprocessor with the cores 1202A-N being alarge number of special purpose cores
intended primarily for graphics and/or scientific (throughput); and 3) a coprocessor with the
cores 1202A-N being alarge number of general purpose in-order cores. Thus, the processor 1200
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), a high-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 1200 may be apart of and/or may be
implemented on one or more substrates using any of anumber of process technologies, such as,
for example, BICMOS, CMOS, or NMOS.

The memory hierarchy includes one or more levels of cache within the cores, a set or one
or more shared cache units 1206, and external memory (not shown) coupled to the set of
integrated memory controller units 1214. The set of shared cache units 1206 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 1212 interconnects the integrated graphics logic 1208, the set of shared cache
units 1206, and the system agent unit 1210/integrated memory controller unit(s) 1214, alternative
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 1206 and cores
1202-A-N.

In some embodiments, one or more of the cores 1202A-N are capable of multi-threading.
The system agent 1210 includes those components coordinating and operating cores 1202A-N.
The system agent unit 1210 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 1202A-N and the integrated graphics logic 1208. The display unit isfor driving one or

more externally connected displays.
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The cores 1202A-N may be homogenous or heterogeneous in terms of architecture
instruction set; that is, two or more of the cores 1202A-N may be capable of execution the same
instruction set, while others may be capable of executing only a subset of that instruction set or a
different instruction set.

Exemplary Computer Architectures

Figures 13-16 are block 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 signal 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.

Referring now to Figure 13, shown isablock diagram of a system 1300 in accordance
with one embodiment of the present invention. The system 1300 may include one or more
processors 1310, 1315, which are coupled to acontroller hub 1320. In one embodiment the
controller hub 1320 includes a graphics memory controller hub (GMCH) 1390 and an
Input/Output Hub (IOH) 1350 (which may be on separate chips); the GMCH 1390 includes
memory and graphics controllers to which are coupled memory 1340 and a coprocessor 1345;
the IOH 1350 is couples input/output (1/0O) devices 1360 to the GMCH 1390. Alternatively, one
or both of the memory and graphics controllers are integrated within the processor (as described
herein), the memory 1340 and the coprocessor 1345 are coupled directly to the processor 1310,
and the controller hub 1320 in a single chip with the IOH 1350.

The optional nature of additional processors 1315 isdenoted in Figure 13 with broken
lines. Each processor 1310, 1315 may include one or more of the processing cores described
herein and may be some version of the processor 1200.

The memory 1340 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 1320 communicates with the processor(s) 1310, 1315 via a multi-drop bus, such
as afrontside bus (FSB), point-to-point interface such as QuickPath Interconnect (QPI), or
similar connection 1395.

In one embodiment, the coprocessor 1345 is a special-purpose processor, such as, for

example, ahigh-throughput MIC processor, anetwork or communication processor, compression
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engine, graphics processor, GPGPU, embedded processor, or the like. In one embodiment,
controller hub 1320 may include an integrated graphics accelerator.

There can be avariety of differences between the physical resources 1310, 1315 in terms
of a spectrum of metrics of merit including architectural, microarchitectural, thermal, power
consumption characteristics, and the like.

In one embodiment, the processor 1310 executes instructions that control data processing
operations of a general type. Embedded within the instructions may be coprocessor instructions.
The processor 1310 recognizes these coprocessor instructions as being of atype that should be
executed by the attached coprocessor 1345. Accordingly, the processor 1310 issues these
coprocessor instructions (or control signals representing coprocessor instructions) on a
coprocessor bus or other interconnect, to coprocessor 1345. Coprocessor(s) 1345 accept and
execute the received coprocessor instructions.

Referring now to Figure 14, shown isablock diagram of afirst more specific exemplary
system 1400 in accordance with an embodiment of the present invention. Asshown in Figure
14, multiprocessor system 1400 is apoint-to-point interconnect system, and includes afirst
processor 1470 and a second processor 1480 coupled via apoint-to-point interconnect 1450.
Each of processors 1470 and 1480 may be some version of the processor 1200. In one
embodiment of the invention, processors 1470 and 1480 are respectively processors 1310 and
1315, while coprocessor 1438 is coprocessor 1345. |In another embodiment, processors 1470 and
1480 are respectively processor 1310 coprocessor 1345.

Processors 1470 and 1480 are shown including integrated memory controller (IMC) units
1472 and 1482, respectively. Processor 1470 also includes as part of its bus controller units
point-to-point (P-P) interfaces 1476 and 1478; similarly, second processor 1480 includes P-P
interfaces 1486 and 1488. Processors 1470, 1480 may exchange information via apoint-to-point
(P-P) interface 1450 using P-P interface circuits 1478, 1488. Asshown in Figure 14, IMCs 1472
and 1482 couple the processors to respective memories, namely amemory 1432 and amemory
1434, which may be portions of main memory locally attached to the respective processors.

Processors 1470, 1480 may each exchange information with achipset 1490 via individual
P-P interfaces 1452, 1454 using point to point interface circuits 1476, 1494, 1486, 1498. Chipset
1490 may optionally exchange information with the coprocessor 1438 via a high-performance
interface 1439. In one embodiment, the coprocessor 1438 is a specia-purpose processor, such
as, for example, ahigh-throughput MIC processor, anetwork or communication processor,

compression engine, graphics processor, GPGPU, embedded processor, or the like.
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A shared cache (not 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 isplaced
into alow power mode.

Chipset 1490 may be coupled to afirst bus 1416 via an interface 1496. In one
embodiment, first bus 1416 may be a Peripheral Component Interconnect (PCI) bus, or abus
such as a PCI Express bus or another third generation 1/O interconnect bus, although the scope of
the present invention isnot so limited.

Asshown in Figure 14, various 1/0O devices 1414 may be coupled to first bus 1416, along
with abus bridge 1418 which couples first bus 1416 to a second bus 1420. In one embodiment,
one or more additional processor(s) 1415, 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 1416. In one embodiment, second bus 1420 may be alow pin count (LPC) bus.
Various devices may be coupled to a second bus 1420 including, for example, akeyboard and/or
mouse 1422, communication devices 1427 and a storage unit 1428 such as adisk drive or other
mass storage device which may include instructions/code and data 1430, in one embodiment.
Further, an audio 1/0 1424 may be coupled to the second bus 1420. Note that other architectures
arepossible. For example, instead of the point-to-point architecture of Figure 14, a system may
implement amulti-drop bus or other such architecture.

Referring now to Figure 15, shown isablock diagram of a second more specific
exemplary system 1500 in accordance with an embodiment of the present invention. Like
elements in Figures 14 and 15 bear like reference numerals, and certain aspects of Figure 14
have been omitted from Figure 15 in order to avoid obscuring other aspects of Figure 15.

Figure 15 illustrates that the processors 1470, 1480 may include integrated memory and
1/O control logic ("CL") 1472 and 1482, respectively. Thus, the CL 1472, 1482 include
integrated memory controller units and include /O control logic. Figure 15 illustrates that not
only are the memories 1432, 1434 coupled to the CL 1472, 1482, but aso that I/O devices 1514
are also coupled to the control logic 1472, 1482. Legacy 1/O devices 1515 are coupled to the
chipset 1490.

Referring now to Figure 16, shown isablock diagram of a SoC 1600 in accordance with
an embodiment of the present invention. Similar elements in Figure 12 bear like reference
numerals. Also, dashed lined boxes are optional features on more advanced SoCs. In Figure 16,

an interconnect unit(s) 1602 is coupled to: an application processor 1610 which includes a set of
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one or more cores 202A-N and shared cache unit(s) 1206; a system agent unit 1210; abus
controller unit(s) 1216; an integrated memory controller unit(s) 1214; a set or one or more
coprocessors 1620 which may include integrated graphics logic, an image processor, an audio
processor, and avideo processor; an static random access memory (SRAM) unit 1630; adirect
memory access (DMA) unit 1632; and adisplay unit 1640 for coupling to one or more external
displays. In one embodiment, the coprocessor(s) 1620 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.

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.

Program code, such as code 1430 illustrated in Figure 14, 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.

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.

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 perform the
techniques described herein. Such representations, known as"IP cores’ may be stored on a
tangible, machine readable medium and supplied to various customers or manufacturing
facilities to load into the fabrication machines that actually make the logic or processor.

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,
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compact disk read-only memories (CD-ROMSs), compact disk rewritable' s (CD-RWSs), and
magneto-optical disks, semiconductor devices such asread-only memories (ROMs), random
access memories (RAMSs) such as dynamic random access memories (DRAMS), static random
access memories (SRAMS), erasable programmable read-only memories (EPROMS), flash
memories, electrically erasable programmable read-only memories (EEPROMSs), phase change
memory (PCM), magnetic or optical cards, or any other type of media suitable for storing
electronic instructions.

Accordingly, embodiments of the invention aso 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 aso bereferred to as program
products.

Emulation (including binary trandlation, code morphing, etc.)

In some 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
trandate (e.g., using static binary tranglation, 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.

Figure 17 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 the illustrated embodiment, the instruction
converter is a software instruction converter, athough alternatively the instruction converter may
be implemented in software, firmware, hardware, or various combinations thereof. Figure 17
shows aprogram in ahigh level language 1702 may be compiled using an x86 compiler 1704 to
generate x86 binary code 1706 that may be natively executed by aprocessor with at least one
x86 instruction set core 1716. The processor with at least one x86 instruction set core 1716
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) a
substantial 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 1704 represents a compiler that is
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operable to generate x86 binary code 1706 (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 1716.
Similarly, Figure 17 shows the program in the high level language 1702 may be compiled using
an aternative instruction set compiler 1708 to generate alternative instruction set binary code
1710 that may be natively executed by aprocessor without at least one x86 instruction set core
1714 (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). Theinstruction converter 1712 isused to convert the x86 binary code 1706 into code that
may be natively executed by the processor without an x86 instruction set core 1714. This
converted code isnot likely to be the same as the alternative instruction set binary code 1710
because an instruction converter capable of this isdifficult 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 1712 represents software, firmware, hardware, or
acombination thereof that, through emulation, simulation or any other process, alows a
processor or other electronic device that does not have an x86 instruction set processor or core to

execute the x86 binary code 1706.
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CLAIMS
What isclaimed is:

1. An apparatus, comprising:

instruction execution logic circuitry having:

input vector element routing circuitry to perform the following for each of three
different instructions. for each of a plurality of output vector element locations, route into an
output vector element location an input vector element from one of a plurality of input vector
element locations that are available to source said output vector element, said output vector
element and each of said input vector element locations being one of three available bit widths
for said three different instructions; and,

masking layer circuitry coupled to said input vector element routing circuitry to mask a
data structure created by said input vector routing element circuitry, said masking layer circuitry
designed to mask at three different levels of granularity that correspond to said three available bit
widths.

2. The apparatus of claim 1 wherein said input vector element routing circuitry is
designed to, for each of said three available bit widths:

route said input vector element from all input vector locations of said input vector.

3. The apparatus of claim 2 wherein said input vector element routing circuitry is further
designed to perform the following for additional instructions other than said three different
instructions:

for each of aplurality of output vector element locations, route into an output vector
element location an input vector element from one of a plurality of input vector element
locations that are available to source said output vector element, said plurality of input vector
locations corresponding to a section of said input vector that is smaller than said input vector.

4. The apparatus of claim 3 wherein:
for afirst of said additional instructions, said output vector element and each of said
input vector element locations are one of said three available bit widths; and,
for a second of said additional instructions, said output vector element and each of said

input vector element locations are another one of said three available bit widths.
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5. The apparatus of clam 4 wherein, said section for said first of said additional

instructions and said section for said second of said additional instructions are the same size.

6. The apparatus of claim 5 wherein said section for said first and second additional

instructions is one quarter of amaximum resultant vector size for any of said instructions.

7. The apparatus of claim 1wherein said input vector element routing circuitry is further
designed to perform the following for additional instructions other than said three different
instructions:

for each of aplurality of output vector element locations, route into an output vector
element location an input vector element from one of a plurality of input vector element
locations that are available to source said output vector element, said plurality of input vector
locations corresponding to a portion of said input vector that is smaller than said input vector,

and, said available input vector elements do not neighbor one another within said input vector.

8. A method, comprising:
performing the following by executing instructions through a same instruction

execution pipeline:

in executing first, second and third instructions, for each of first, second and third vector
element sizes:

routing into an output vector element location an input vector element from one of a
plurality of input vector element locations that are available to source said output vector element
for each of aplurality of output vector element locations; and,

mask respective resultants of said routing at a granularity that corresponds to first,

second and third vector element sizes.

9. The method of claim 8 where, said input vector element locations correspond to al

input vector locations of said input vector.

10. The method of claim 9 further comprising executing fourth and fifth instructions for
said first and second vector element sizes respectively, said fourth and fifth instructions
including routing into an output vector element location an input vector element from one of a

plurality of input vector element locations that are available to source said output vector element
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for each of a plurality of output vector element locations, wherein, said input vector element
locations that are available to source said output vector element correspond to a section of said

input vector that is smaller than said input vector.

11. The method of claim 9 further comprising executing sixth and seventh instructions
for said first and second vector element sizes respectively, said sixth and seventh instructions
including routing into an output vector element location an input vector element from one of a
plurality of input vector element locations that are available to source said output vector element
for each of a plurality of output vector element locations, wherein, said input vector element
locations that are available to source said output vector element correspond to a portion of said
input vector that is smaller than said input vector, and, do not neighbor one another within said

input vector.

12. The method of claim 11 wherein said first and second vector e ement sizes are 32

and 64 bits respectively.

13. The method of claim 8 wherein said first, second and third vector element sizes are
16, 32 and 64 bits respectively.

14. The method of claim 8 wherein amaximum input vector sizeis 512 hits.

15. An apparatus, comprising:

instruction execution logic circuitry having:

input vector element routing circuitry to perform the following for each of three
different instructions. for each of a plurality of output vector element locations, route into an
output vector element location an input vector element from one of a plurality of input vector
element locations that are available to source said output vector element, said output vector
element and each of said input vector element locations being one of three available bit widths
for said three different instructions, an index vector specifying routing of elements from said
input vector to said output vector for afirst of said instructions, an immediate operand specifying
routing of elements from said input vector to said output vector for a second of said instructions;
and,

masking layer circuitry coupled to said input vector element routing circuitry to mask a
data structure created by said input vector routing element circuitry, said masking layer circuitry
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designed to mask at three different levels of granularity that correspond to said three available bit
widths.

16. The apparatus of claim 15 wherein said input vector element routing circuitry is
designed to, for each of said three available bit widths:

route said input vector element from all input vector locations of said input vector.

17. The apparatus of claim 16 wherein said input vector element routing circuitry is
further designed to perform the following for additiona instructions other than said three
different instructions:

for each of a plurality of output vector element locations, route into an output vector
element location an input vector element from one of a plurality of input vector element
locations that are available to source said output vector element, said plurality of input vector

locations corresponding to a section of said input vector that is smaller than said input vector.

18. The apparatus of claim 17 wherein:
for afirst of said additional instructions, said output vector element and each of said
input vector element locations are one of said three available bit widths; and,
for a second of said additional instructions, said output vector element and each of said

input vector element locations are another one of said three available bit widths.

19. The apparatus of clam 18 wherein, said section for said first of said additional

instructions and said section for said second of said additional instructions are the same size.

20. The apparatus of clam 16 wherein one of said bit widths is 32 bits and another of
said bit widths is 64 bits.

39



PCT/US2011/067090

WO 2013/095613

1122

MYys

VAKIY

Mavg Augm !
fl.llljnlr»

Nown2 34 !

T
b 30003¢
| zNE.N ¥ By
vlvg | o2 150

1

) 9

.é



WO 2013/095613 PCT/US2011/067090
2/22

Flg 25 l C’q



WO 2013/095613

VPERMILPS
F16. 3k

VIERMY (P
Fig. 6

PCT/US2011/067090

3/22
] &
: . k20l
A gt ol vott "
’;0"(" ¢ b ,)l lé‘ |1-$
30\ |
st~ . - 25¢
{ 2 k3
¢\
Lol C 7 H Tt
{
PANTA I AN
| \
[
{
= :
192-€C ,




WO 2013/095613 PCT/US2011/067090

4/22
WM 228 |
- -1o¥ 4 1
A z02.6.2 202.6-( 256 - gl g0l K 256
. - ; !
: ;'
%02.€ \ Oa/( : 301 €
303.¢.2 : H = 303
~ 1248 303 6|
~ k254



WO 2013/095613 PCT/US2011/067090

5/22

Y
- o
—
NNa%

-

-

b
——
L
—

R
P
BE

40V _ 0

1057 -\ o8-\



WO 2013/095613 PCT/US2011/067090
6/22

M 1 9,
M+ V- Al -p (MA_T\ N-1 o

| Q\F\L \l\l \g\\/ | F((g 4(’

G a0 il i

bt
o

: N SaE M VI ] " AL !
f)r )\ ; : \ y ! ; : N < }f
A‘Ob’ ¥ ! ) : ! ] I~ -
l | vy S S
PR ()(- ’l LR Or l
; T 7 ] Y : \
1 ! ! ) ! !
\ \ ' | ' ! :
‘ o, ' £ l 7 b, ! :
— { C C C C t o
4t 4orl 4l 4A 4 WFF 40 a0
Y v \/\
< p MY g




WO 2013/095613 PCT/US2011/067090

7122

MECEVE OME O MONE
MASKC VECTOLS  flom | 7\
MASIC REDLSIR SPACE (
| | l/ —
X PEAMUTE maslc BITS

Fror e ok 04
MOVE  MASK RE CTDMS
TO  CpatE A PemUNRD
MASKE VECTDA

gL

\l/
STlE pamuTe) MASK L SY)
VECL (v MASK
AEB\STE  slacE

f6. SA



WO 2013/095613 - PCT/US2011/067090
8/22
- S | 51 s}
K ;75 g <\ g ¢
0 T $%
[ i (R I o s

—_—

feamvTe
LO6C 50

(L

| !
I St
StL
/

Flg. 56



PCT/US2011/067090

WO 2013/095613

9/22

0€9 d'1314 3d0Jd0 V3 759 §¢9d13aid
ONIJOON4

07314 NOILYH3dO 3SVE ™y 33ug

| i |
AATATATATATATA] (W] [Ww[w[w[w][a]d] | #0

959 $S9  0Z9ATFHAMA 99 PHO 509 X3
(g &7 g &g $99 Q7314 HLAIM
gag | XXX NAINA WH | 934 d INENERERANZE ov9 731
779 01914 X3ANT 93151938 s
9513 619 d¥IN 3000dO
$/9 7314 30090 TIN4 89 'Ol4
529 aT3l4
ONIGOIN
EENE
10 09 7314
2/ 059 dYIN 1VINHOS
o 1 99| @13133000d0 vay | 029 T34 A 34000 509X | %
B lhdl J“_ Nl S \ ( s ¥ C_
8w ,ajl ais [ g aon JAJAJATATATATATA AEIRARARN DR NRNENE Rl
(1 _ _ _ _
299 Q7314 INaWFovTadi . ! | | !
269 o9 | w9 | w9 898 d 1314 $99 01314 M
el BV R, W | 93y [aow 4213
£ %9 2 € 59 A 209 XI1434d XA A
3LAE 9IS 3LAE W/Y QOW V9 'Ol




PCT/US2011/067090

10/22

WO 2013/095613

[ o —— — e — — —

\

| 0. [r9LQ13Hl gzoy | : Wyl vl

(844 QT3 |a13d| HLGUA_Fo S dsiq) o2 |\ STELAad o C8Cl Tygoy v| SOPL ) a3 | aaan |4
|

-

31V GINIISYIN|INGNETE| = e 40131} NOILYINAINYA [WHOdWNI 6y | SSFOOV | yaq | ofivado |T1EH L
_ YR Mﬁw_ LAl V1va | "NON AJONINE Sisioaul ~ agyg | VAROA

_ |
o e

_
_ 0u Wvor @ mz9s | oo, | opesqrs | aor, | evl ors |
(2 031 a3 Hiam 143 dsia) o2 (SRS L vezes fveorv] (SEEL N atan | amaian | 8L
3 LVIQINNIYS Y NN 13| —g7o WHOdWILY SSY1D X3aNI | OILY3d0

_ | 0gL TYHOdWILNON
_ | 'SSIOOV AHOWAW .

v
_ = IR RS S A ASONINR A TSIoay ~ 3sve | VINHO4

—_— aoiv | __ \
_ _ _ _ b 4
g6/ 1314 _ 5z TYH0dINAL gel
_ | rxmum_ww__é\ﬁ ! ! _ 'SS300V AHOWTW SS9V
| | _ _ HOWIW
e— R
| 0/, [vos arad zel I  wore | v et | gy |
1242 @134 fa13i4f Hiam | BpSLOTAd | T 180/ VISSI0OY | GTH | QEHN |85,
ALVIGINNIASYN [LNINZ T3 NHOASNVEL YLYA|= 50 1SS0 JAHONAW| X3ANI | OILYNdO |in 23
I =Y AL L A CON” ju3isiomy| ~ 3sve |
| _
_ _ | | " GLZNOILYHIdO IdAL |
o L0 STV AHOWZIN ON
_ 0.2 |v9. Q1314 86/ 01314 | 99/ Yoy, v/ el
1222 @114 {aTaia| Hiam | VU0 I TG | 1vess veerv|ss3oov| aidia | gmEAN (o2 H_
ALVIGCINNIIS Y INANTS Ve 0T | ONNOY | SSY1D|AYOWAW) X3ANI [OILYHIdO vynia]
r S VYD TOYLNOGO ANNOY K ON JM3lsiozy| 3sve l_
T _ _ P
_ _ AT | _o: 'd0 3dAL TIIND ozaommm%og
00/ LYWNNO4 NOLLOAMLSNI _ SEEEELY _ | TIN4 'SS300¥ AHOWIN ON ~°7
ATONZIN¥S ¥QLO3A O143NTD _ ! _ _ ! HONIW
——— —— _ _ ~ON
_ 01 [0LQ1AH  gros | oo, ceramd| B o, | o2 el | oy |
¢// Q1314 [@13i4| HLam_ 4374810 ¥a. 01314 V134 e v MOEE <EEN MGEEL
i viaannissyi LN e (UE VH o van] KAEEE a4l

A Vi1 7Y
@1314 340240 11n4

X3aNI | OlLva3do
_ qiuw YAYa | J"&&q P17 oz a1ais Notvaado Noiwvanaweny | 190N hyaigiomy ~ Ssve | YAR04| wreiy
A




PCT/US2011/067090

WO 2013/095613

11122

=== oo T A
0.2 porq1ad geoL | 8.5/ 2 a2
| 200 aaid | @nal Haqum |43 dsia] 092 |86, atad | &2 fozss 3 gge, | 892 | oy | A | ow |
|3 1VIGINNIISYN IINTNT T = 70— (g TEONIT } ovo | JORINGD | sawio | SS9V | x3aNi NolLvaiadol, 3131
- H4.dsia t y
! b ! | ! i) 02,
_ I _ _ | “OWMOOYWAN  SS3DQV
_ I _ _ _ AHOWN
_ I _ _ _
_ I _ _ _
_ I _ _ _
_ _ _ _ “ _
—_——— — | -
_ 02/ |rora1ald () vor, | wv 2l
| 222 Q1314 Q73| HLOM | SELQE forysc)) 000t O N apos g [ ss30ov | a1 | aidld | S, |
1 ALVIQIANI| YSYIN | LNFW13 Yoi0an |32M bisuni 3L SSY10 [AHOWAN| X3ONI INOLLYH3O|, vinio
S RAL -y ON  Juaisiozy| 3sva _
| | _ ! | _ . L12°d0 3dAL
_ _ _ JZISA “OWM “O0Y WIWON  §
_——— |
_ 0/, |r92 @731 () vorL | b ol
| 242 @134 | Q7314 | HLAIM ol oro| sl 255 Qe L asos & [ ss30ov [ araia | ahE | O, |
|3LYIAINNI MSYN | NINF13 annoy | ONY fysvin 3iigm| SSY10 [AYONAN] X3ANT  INOLLYH3HO|; viniio
1 ENTY A __ ON_ Jd3ISI93y| 3svd |
- = = i
. 2h.°d0 IdAL THINO ONY -
_ “ V.GL | | _ _.E<n_ "O'WM "0V W3 ON . 30Z
00Z LYINMOS NOILONYLSNI a1, _ SS300V
ATANIIES HOLOA OR4INID _ | _ | _ AHONSN
— _ _— A — N _ " JOZ
! 0/, (r9.QTA1H| gz9s 89, 2 4
| 2220134 |aT3H| HIOM_ |4 S agig| 2 [ ¥62 @314 V138 il NGEE ol | amd | aaE | 2 |
FLYIGSNAN MSYIN | NI 13 77— - o SSYR L ol X3ONL INOILLYN3dO| vty arol
L eI IR IR STl 0§/ @1314 NOLLY:3dO NOILYLNIWONY SEIREY] IR |
T S ) A

v// 1314 30340 11N4




PCT/US2011/067090

WO 2013/095613

12/22

0£8 7314 300040 WY 679 Q34
el ONIJOON3
1314 NOILYH3dO 3SVE ¥j438d
AL AL ATATATAL [ [w]ww]w] [a]a] | zox0,
| ¢9X0
B8 —
059 58 aQEEMM g8 b8 :
$9/ @7314 HLAIM
gag | XXX AA[A A W ] O34 | | Al [d]8]X]d INEN ERER AN ¢! ov, Gl
y7Z 1314 X3IANT 93151034 TYNNO
T G18 d¥IN 3000d0
y// 1314 300040 TIN4 g8 "ol
008 LYWO4 NOILLONYLSNI ATONZINA 4OLO3A OI4ID3dS
‘ N A8 G31TdILTNI S| HOIHA 679 q13l4 )
¥OLOV4 INIWIOY1dSIA IHL ATNO SATOH 0Ll ONIJOONT
1n8 'N«8dSId SY OL 0344343 (L0=CON NIHM GER NIENE
N:8dSI0) 829/ Q1314 YOLOV4 INIWIOV1dSIa MSYIN ILMM 252 519 0v. @134
AV g 068 Q131 YHd Y vt 608 LYINYOS
an Wil Ao% | @1314 340040 WY | 028QTI4AMM | 30000 X3 | %
|_ownt 11,03,05.05a 0 ais il wasaow ATALATATALALALAN 0]l 8] [ ] o] @] d]n]A[ATA] A TN W] W] W[ W] 8] x etk zovo |
I\ )i _ | _ \ ) _
(01=00W NIHM 2¢dsia) | _ | _ G/ _
v¢9. 71314 INFNIOVIdSIA a131d Y139 018 X3y
ov8 | w¥8 |eye || 018X B g3 $9/ Q1314 HLAIM
aaa | oo | o3y |don o INFW3T3 ¥1va .
0 4 G917 3 9 [ 208 X1434d X3A3
31LA9 9IS 31A9 /A QO V8 'Old



WO 2013/095613 PCT/US2011/067090
13/22
FIG. 8D CLASSTIELD ALPHAFIELD  BeTA FIELD 754
\ L'/'\‘
AUGMENTATION OPERATION FIELD 750 UTEIBIRIE
RS MOD FIELD 842
FIELD 7528 Tu | B| BB 1] s LO[P[B[B
ROUND 75241 | | | ! ™ FIELD752A FTTd
11r2frifro 0 |s2|s1]so
N :TRARQI;%RM
U=0 ROUND CONTROL FIELD 754A ! FIELD 754B
MOD FIELD 842
alplgIp][00JOR[01|OR|10
I F_62Aj
EVICTION  [EHTs; TsiTs:]! S8 IMDTo o,
HINT FIELDj s2st]sof! SIB D D//D/D,
7528 sk 28
DATA MANIPULATION FIELD 754C
MOD FIELD 842
BIBIBNRL [11 BIB[BN RL
T I;ISE;-/E) I T T 1 FIELAD
e FT R
MASK ROUND | VSIZE
CONTROL —_r— —— T T75AT N 757A2
FIELD 752 A, | VECTOR LENGTH FIELD
» MERGING—__bq| _ FIELD 7593 |
MOD FIELD 842
00 |oR[01]0R[10
OING\E At =
Li[L]B]! SiB | D]rD]rD]rDJ
—— \ <™
PECTOR LENGTH BROADCAST FIELD 7578




PCT/US2011/067090

WO 2013/095613

14/22

2

O

slig v9
G16 Sio)siBay ysep L

066 3114 431S193d

1V14 INI d3axovd XWIN
w._._m_>v©

)

|
)
|
a3sviv
“
|
{

Jx
S1i9 08

(d4.8%)
G¥6 3114 ¥IALSIDIY MOVIS dd ¥VIVIS

Feluwiz
S1id 962
A \
ﬂwtm 8zl ,
SLuuwX SlwwA
owiwix OwIwA owiwiz
L J
Y
sligels
016 sie)sibay 10j08A
Slig 9 X 9l

Gz6 sioysiboay asodind |eisusn

006 JHNLOFLIHOEY H31S193d




PCT/US2011/067090

WO 2013/095613

15/22

_
| ¥20l

| LINNOD

Y 0}
<p! 1NN | LINN 3HOVD YLva | 0204 LINN
JHOVD 2.0l AHOW3IW
Al 1INN g1 Y1Ya
4 4
0904 (S)¥31SNTD NOILND3XT
(S)LINN (s)
5390V SILINN
ANONEN NOILND3X3
A A
| —_—
_
8504 (S)LINN STT14 ¥3LSI9IY TVYIISAHd _
IIIII C———A_ 5 | _ .
- 501
| 901 (SILINNYIINAIHOS | | Ny LNGNERLTY | 90198
|||||| 3 S it
A T
_ 050} 1INN
— — HOIVOOTIV/IWVYNIS_ __ | INIONT NOILLNO3XT
0201
0¥0l LINN 33023d LINA aNT LNOMA
A
| 860} HOL34 NOILONYISNI | /
) 060} 3H0D
9€0} LINN €1.L NOILONYLSNI Z€0) 1INN
> €01 LINN FHOYD NOILONYLISNI NOILDIQ3™d HONYYS
o 810} 710l B R o
ozmwb<z JLIEM 9101 av3d AdoWamw  zob | owob | sooL | 900L ozﬁwwmo 2001
NOLLdg0xg] ASONaW | 39v1S 31n93x3 /av3y JINAIHOS ONINYNIY 001V |3a093a HLONT] |HoL3
TEEEIMOYE LM yalso™ | | e
YOl '9Id 000} INIT3dId ~—



PCT/US2011/067090

WO 2013/095613

16/22

voolLl

JHOVO v1vad 11

Sr44%% veell
1H43ANOD 143IANOD
OIFd3NNN OI43NNN

A
1422
SHILSIOFY
H0103A
A

'y VvV V v

0cLi 17423
JATZZIMS J1vOI1d3d

F v VY h 4

8¢l

NV J0L03A 3dIM-91

A

oLl
SHALSIDIY MSYIN FLIHIM

gil "old

coLl
HHOMLIN ONRY
A

/

¥YoL1L
3JHOVO
¢1dHL 40 13S8NS 1vOoO1

A

90LL
3JHOVO 11

4

1237 cliL
SY31SI93d SH31SI93Y

JO103dA dYIVOS
A

2 I

J

oLl 8011
L1INN LINN
HOLO3A HYIVOS

A A
V.

00}l
3A0353d NOILONYLSNI

Vil 'Old



PCT/US2011/067090

WO 2013/095613

17122

912l (S)LINN
H¥ITIOYLINOD
sng

_
|
| AHOWAW
_

p1z1 (S)LINN ﬁ

d3TI04LINOD

0LZl LINN
IN3OV W3LSAS

r

— —— —— ——— — — — — — — — — —

902} (S)LINN FHOYD QIMVHS

- - A

I NvozL ! ¥h0zl
| (SILINN | “ caa| |(S)LNA
_

| 3Hovo | FHOVD
V2021 3400

NCOc) 3400

¢l "old
8021 31901
3504d4Nd

WId3ds

/oowr d0SS3004d



WO 2013/095613 PCT/US2011/067090
18/22

| =
r |_—_|— PROCESSOR |— — -
| L - 1395 |
1 /—/ | _— 1340
B | [ controLLER
Co- HUB 1320
| PrOCESSOR |~ T enen 1390 I MEMORY
|
1360 —_ s
[ |
0 | IOH 1350 |
L — |

FIG. 13



PCT/US2011/067090

WO 2013/095613

19/22

V1va ¥l 'Ol
8yl %7 :
ANV 3d09 | s3omaa _ | 3snow
JOVHOLS Y1V] eyl WINOD eyl JQEYOSAIN
H omsJ h
Gyl AL ) 8Lyl
¥0SS300Nd o/ olany S30IA3A O/ 39QIYE SNg
oyt —/ q r—
961 | zep, — I | eepl
96y, — dd 06¥) 13SdIHO A ed L gep) _wo%moomaoo
T —
¥Ghl ¢Shl
-
087l d-d dd dd dd 0/vl
98y} — ggp) — \ \ [y
8.7l
0SPl
— 2871 vt —z
oW oWl
yevl vl
AHOW3W AHOWII
¥0SSI00Hd0D
/40SSI00Yd ¥0SS300Yd

/ 00y




PCT/US2011/067090

WO 2013/095613

20/22

veyl
AHONIN

Gl Old

el
AHON3N

GIG)
O/l AOY9T1
0671 9671 4/
13SdIHD
8671 d-d a d-d
gil\» « NmSI\» «
BEma
9871 — ggpy — \ o L
8.7
Syl
— 8 urt =7
— 1 10
¥0SS3DN0Hd ¥0SS3D0Hd
—— —
. 16l
— S30IA3Q O/l

// 0051




PCT/US2011/067090

WO 2013/095613

21/22

12} (S)LINN

0¥91 0£91 Y3TIOHINOD
LINN AY1dSIC ¢Eal 1IN VD LINN VS AHOWAN

Q3LVHOILNI
912} (S)LINN

d37T104LINOD
snd M_

2091 (S)LINN LOINNODHALNI

012} LINN
IN3OV W3LSAS

_
| 902} (S)LINN FHOYD AIHVHS

| Nv0z)

- — "

|

|

|1 (S)LNn |
| | 3HOVD |
|

L

Nc0¢l 3409 |

0191 40SS300dd NOILYOIlddV

Yy0Zl
(S)LINN
JHOVD

vc0cl 3409

_l

0291 (S)40SS3D0Yd0D

/ 009}

dIHO V NO W3L1SAS

91 "Old



PCT/US2011/067090

WO 2013/095613

22/22

Ll "Ol4

¢0/} 3OVNONVT13ATTHOIH

8041 ¥3TdNOD
135 NOILONYLSNI
JAILYNEALTY

v0L1 ¥3TdNOD 98X

90/} 3A0J AYVYNIFG 98X

¢lLl 43143ANOD
NOILONY.LSNI

0141 300D AHYVYNIF
135 NOILONYLSNI

JHVMLOS IALYNYALTY
e N
Y
Nt P12} 340D 13S NOILONYLSNI
400 L3S NOILONYLSNI
98X 3INO LSV 99X NV LNOHLIM ¥OSSID0Hd
1¥ HLIM H0SSIO0Hd




PCT/US2011/067090
PATENT COOPERATION TREATY

PCT

DECLARATION OF NON-ESTABLISHMENT OF INTERNATIONAL SEARCH REPORT
(PCT Article 17(2)(a), Rules 13ter.l(c) and (d) and 39)

Applicant's or agent's file reference Date of mailing (day/month/year)
IMPORTANT DECLARATION
42P38622 26 SEFTEMBER 2012 (26.09.2012)
International application No. International filing date {day/month/year)  |(Earlist) Priority date (day/month/year)
PCT/US201 1/067090 23 DECEMBER 2011 (23.12.2011)

International Patent Classification (IPC) or both national classification and IPC

GO6F 1/00(2006. 01)i, GO6F 9/30(2006. 01)i, GO6F 9/305(2006. O1)i

Applicant
INTEL CORPORATION et al

This International Searching Authority hereby declares, according to Article 17(2)(a), that no international search report will be
established on the international application for the reasons indicated below.

1 |:| The subject matter of the international application relates to:
a. [ | scientific theories.

b. I:' mathematical theories.
c. [ | plant varieties.
d. r | anima varieties.

e. essentially biological processes for the production of plants and animals, other than microbiological processes and
‘_‘ the products of such processes.

f. | | schemes, rules or methods of doing business.

g. [ | schemes, rules or methods of performing purely menta acts.

h. r | schemes, rules or methods of playing games.

i. I:' methods for treatment of the human body by surgery or therapy.

j- |:| methods for treatment of the animal body by surgery ortherapy.

K. |:| diagnostic methods practised on the human or animal body.

1 |:| mere presentation of information.

m. |':|I computer programs for which this International Searching Authority is not equipped to search prior art.

2. & The failure of the following parts of the international application to comply with prescribed requirements prevents a
meaningful search from being carried out:

tlthe description Xthec'a'ms |:|the drawings

3. I_IA meaningful search could not be carried out without the sequence listing; the applicant did not, within the prescribed time
= limit:

I furnish a sequence listing on paper complying with the standard provided for in Annex C of the Administrative

L Instructions, and such listi ng was not available to the International Searching Authority in aform and manner

I_I acceptable to it.
furnish a sequence listing in electronic form complying with the standard provided for in Annex C of the

~ Administrative Instructions, and such listing was not available to the International Searching Authority in aform
and manner acceptable to it.

[T1 pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under Rule
13ter.I(a) or (b)

4. Further coments:

Name and mailing address of 1SA/KR Authorized officer

Korean Intellectua Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan YUN, BYEONG SOO
City, 302-701, Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8530

Form PCT/ISA/203 (July 2009)



	abstract
	description
	claims
	drawings
	pct-art17.2a

