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(57) ABSTRACT 

A vector friendly instruction format and execution thereof. 
According to one embodiment of the invention, a processor is 
configured to execute an instruction set. The instruction set 
includes a vector friendly instruction format. The vector 
friendly instruction format has a plurality of fields including 
a base operation field, a modifier field, an augmentation 
operation field, and a data element width field, wherein the 
first instruction format supports different versions of base 
operations and different augmentation operations through 
placement of different values in the base operation field, the 
modifier field, the alpha field, the beta field, and the data 
element width field, and wherein only one of the different 
values may be placed in each of the base operation field, the 
modifier field, the alpha field, the beta field, and the data 
element widthfield on each occurrence of an instruction in the 
first instruction format in instruction streams. 
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FIG. 15A 
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100 unOrm8 to float:32 rax unorm& 
101 SnOrm8 to float:32 rax) Snorm&} 
110 unOrm 16 to float.32 rax (unorm16) 
111 SnOrm16 to float.32 rax (snorm16) 
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482 FIG. 15B 

UpConv32 (PGR. FP32) 
Function: Usage 

OOO no Conversion rax) {16to 16:1 Orrax 
001 float.10C:11B:11A Slot. A rax (float 11A} 
010 float.10C:11B:11A Slot B rax (float11C) 
011 float 10C:11B:11A Slot C rax (float 10C) 
100 unOrm2D:10C:1OB:10A slot A rax (unorm 10A) 
101 unOrm2D:10C:1OB:10A slot B rax (unorm 10B) 
110 unOrm2D:10C:1OB:10A Slot C rax (unorm10C} 
111 unOrm2D:10C:1OB:10A Slot D rax (unorm2D) 
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VECTOR FRIENDLY INSTRUCTION 
FORMAT AND EXECUTION THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/471,043, filed Apr. 1, 2011, which 
is hereby incorporated by reference. 

BACKGROUND 

0002 1. Field 
0003 Embodiments of the invention relate to the field of 
computers; and more specifically, to instruction sets Sup 
ported by processors. 
0004 2. Background 
0005. An instruction set, or instruction set architecture 
(ISA), is the part of the computer architecture related to 
programming, including the native data types, instructions, 
register architecture, addressing modes, memory architec 
ture, interrupt and exception handling, and external input and 
output (I/O). It should be noted that the term instruction 
generally refers hereinto macro-instructions—that is instruc 
tions that are provided to the processor for execution—as 
opposed to micro-instructions or micro-ops—that is the result 
of a processor's decoder decoding macro-instructions). 
0006. The instruction set architecture is distinguished 
from the microarchitecture, which is the set of processor 
design techniques used to implement the instruction set. Pro 
cessors with different microarchitectures can share a com 
mon instruction set. For example, Intel Pentium 4 processors, 
Intel Core processors, and Advanced Micro Devices, Inc. of 
Sunnyvale Calif. processors implement nearly identical ver 
sions of the x86 instruction set (with some extensions have 
been added with newer versions), but have different internal 
designs. For example, the same register architecture of the 
ISA may be implemented in different ways in different micro 
architectures using well known techniques, including dedi 
cated physical registers, one or more dynamically allocated 
physical registers using a register renaming mechanism (e.g., 
the use of a Register Alias Table (RAT), a Reorder Buffer 
(ROB) and a retirement register file as described in U.S. Pat. 
No. 5,446,912; the use of multiple maps and a pool of regis 
ters as described in U.S. Pat. No. 5,207,132), etc. Unless 
otherwise specified, the phrases register architecture, register 
file, and register are used herein to that which is visible to the 
Software/programmer and the manner in which instructions 
specify registers. Where a distinction is required, the adjec 
tive logical, architectural, or software visible will be used to 
indicate registers/files in the register architecture, while dif 
ferent adjectives will be used to designation registers in a 
given micro-architecture (e.g., physical register, reorder 
buffer, retirement register, register pool). 
0007. An instruction set includes one or more instruction 
formats. A given instruction format defines various fields 
(number of bits, location of bits) to specify, among other 
things, the operation to be performed and the operand(s) on 
which that operation is to be performed. Some instruction 
formats are further broken down though the definition of 
instruction templates (or Subformats). For example, the 
instruction templates of a given instruction format may be 
defined to have different subsets of the instruction formats 
fields (the included fields are typically in the same order, but 
at least some have different bit positions because there are less 
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fields included) and/or defined to have a given field inter 
preted differently. A given instruction is expressed using a 
given instruction format (and, if defined, in a given one of the 
instruction templates of that instruction format) and specifies 
the operation and the operands. An instruction stream is a 
specific sequence of instructions, where each instruction in 
the sequence is an occurrence of an instruction in an instruc 
tion format (and, if defined, a given one of the instruction 
templates of that instruction format). 
0008 Scientific, financial, auto-vectorized general pur 
pose, RMS (recognition, mining, and synthesis)/visual and 
multimedia applications (e.g., 2D/3D graphics, image pro 
cessing, video compression/decompression, Voice recogni 
tion algorithms and audio manipulation) often require the 
same operation to be performed on a large number of data 
items (referred to as “data parallelism'). Single Instruction 
Multiple Data (SIMD) refers to a type of instruction that 
causes a processor to perform the same operation on multiple 
data items. SIMD technology is especially suited to proces 
sors that can logically divide the bits in a register into a 
number of fixed-sized data elements, each of which repre 
sents a separate value. For example, the bits in a 64-bit reg 
ister may be specified as a source operand to be operated on as 
four separate 16-bit data elements, each of which represents a 
separate 16-bit value. This type of data is referred to as the 
packed data type or vector data type, and operands of this data 
type are referred to as packed data operands or vector oper 
ands. In other words, a packed data item or vector refers to a 
sequence of packed data elements; and a packed data operand 
or a vector operand is a Source or destination operand of a 
SIMD instruction (also known as a packed data instruction or 
a vector instruction). 
0009. By way of example, one type of SIMD instruction 
specifies a single vector operation to be performed on two 
Source vector operands in a vertical fashion to generate a 
destination vector operand (also referred to as a result vector 
operand) of the same size, with the same number of data 
elements, and in the same data element order. The data ele 
ments in the source vector operands are referred to as Source 
data elements, while the data elements in the destination 
vector operand are referred to a destination or result data 
elements. These source vector operands are of the same size 
and contain data elements of the same width, and thus they 
contain the same number of data elements. The source data 
elements in the same bit positions in the two source vector 
operands form pairs of data elements (also referred to as 
corresponding data elements). The operation specified by that 
SIMD instruction is performed separately on each of these 
pairs of source data elements to generate a matching number 
of result data elements, and thus each pair of Source data 
elements has a corresponding result data element. Since the 
operation is vertical and since the result vector operand is the 
same size, has the same number of data elements, and the 
result data elements are stored in the same data element order 
as the source vector operands, the result data elements are in 
the same bit positions of the result vector operand as their 
corresponding pair of Source data elements in the source 
vector operands. In addition to this exemplary type of SIMD 
instruction, there are a variety of other types of SIMD instruc 
tions (e.g., that has only one or has more than two source 
vector operands; that operate in a horizontal fashion; that 
generates a result vector operand that is of a different size, that 
has a different size data elements, and/or that has a different 
data element order). It should be understood that the term 
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destination vector operand (or destination operand) is defined 
as the direct result of performing the operation specified by an 
instruction, including the storage of that destination operand 
at a location (be it a register or at a memory address specified 
by that instruction) so that it may be accessed as a source 
operand by another instruction (by specification of that same 
location by the another instruction). 
0010. The SIMD technology, such as that employed by the 
Intel(R) CoreTM processors having an instruction set including 
x86, MMXTM, Streaming SIMD Extensions (SSE), SSE2, 
SSE3, SSE4.1, and SSE4.2 instructions, has enabled a sig 
nificant improvement in application performance (CoreTM 
and MMXTM are registered trademarks or trademarks of Intel 
Corporation of Santa Clara, Calif.). An additional set of future 
SIMD extensions, referred to the Advanced Vector Exten 
sions (AVX) and using the VEX coding scheme, has been 
published. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The invention may best be understood by referring 
to the following description and accompanying drawings that 
are used to illustrate embodiments of the invention. In the 
drawings: 
0012 FIG. 1A is a block diagram illustrating an instruc 
tion stream having only instructions in the vector friendly 
instruction format according to one embodiment of the inven 
tion; 
0013 FIG. 1B is a block diagram illustrating an instruc 
tion stream with instructions in multiple instruction formats 
according to one embodiment of the invention; 
0014 FIG. 2A is a block diagram illustrating a generic 
vector friendly instruction format and class A instruction 
templates thereof according to embodiments of the invention; 
0015 FIG. 2B is a block diagram illustrating the generic 
vector friendly instruction format and class B instruction 
templates thereof according to embodiments of the invention; 
0016 FIG. 3A is a block diagram illustrating an exem 
plary specific vector friendly instruction format according to 
embodiments of the invention; 
0017 FIG. 3B is a block diagram illustrating the fields of 
the specific vector friendly instruction format 300 that make 
up the full opcode field 274 according to one embodiment of 
the invention; 
0018 FIG. 3C is a block diagram illustrating the fields of 
the specific vector friendly instruction format 300 that make 
up the register index field 244 according to one embodiment 
of the invention; 
0019 FIG. 3D is a block diagram illustrating the fields of 
the specific vector friendly instruction format 300 that make 
up the augmentation operation field 250 according to one 
embodiment of the invention; 
0020 FIG. 4A is part of a flow diagram showing the inter 
relationship of some of the fields of the vector friendly 
instruction format according to one embodiment of the inven 
tion; 
0021 FIG. 4B is a second part of the flow diagram show 
ing the inter relationship of some of the fields of the vector 
friendly instruction format according to one embodiment of 
the invention; 
0022 FIG. 4C is a third part of the flow diagram showing 
the inter relationship of some of the fields of the vector 
friendly instruction format according to one embodiment of 
the invention 
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0023 FIG. 4D is the rest of the flow diagram showing the 
inter relationship of some of the fields of the vector friendly 
instruction format according to one embodiment of the inven 
tion; 
0024 FIG. 4E is an exploded view of each of blocks 
415A-H according to one embodiment of the invention; 
0025 FIG. 5 is a block diagram of a register architecture 
500 according to one embodiment of the invention; 
0026 FIG. 6A is a flow diagram for the register index field 
244 for a no memory access type operation according to 
embodiments of the invention; 
0027 FIG. 6B is a flow diagram illustrating the use of the 
register index field 244, the scale field 260, the displacement 
field 262A, and the displacement factor field 262B for a 
memory access type operation according to embodiments of 
the invention; 
(0028 FIG. 6C is a table illustrating the differences 
between disp8, disp32, and variations of the scaled displace 
ment according to embodiments of the invention; 
0029 FIG. 7A is a table illustrating the group of possible 
operations that may be specified by the round control field 
254A according to embodiments of the invention; 
0030 FIG. 7B is a table illustrating the group of possible 
operations that may be specified by the round control field 
259A according to embodiments of the invention; 
0031 FIG. 8A is a table illustrating the group of possible 
data transform operations that may be specified by the data 
transform field 254B when the data element width is 64 bits 
according to embodiments of the invention; 
0032 FIG. 8B is a table illustrating the group of possible 
data transform operations that may be specified by the data 
transform field 254B when the data element width is 32 bits 
according to embodiments of the invention; 
0033 FIG.9 is a block diagram illustrating the cross prod 
uct swizzle 815 according to embodiments of the invention: 
0034 FIG. 10A is a block diagram illustrating the broad 
cast of an element across 4-element packets 820 according to 
embodiments of the invention; 
0035 FIG. 10B is a block diagram illustrating the broad 
cast of 1-element granularity for a 32 bit data element width 
according to embodiments of the invention; 
0036 FIG. 10C is a block diagram illustrating the broad 
cast of 4-element granularity for 32 bit data elements accord 
ing to embodiments of the invention; 
0037 FIG. 11A is a table illustrating the group of possible 
opcode maps that may be specified by the opcode map field 
according to embodiments of the invention; 
0038 FIG. 11B is a table illustrating the group of possible 
prefix encodings that may be specified by the opcode map 
field according to embodiments of the invention; 
0039 FIG. 12A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/op int where the data element width is 64bits according 
to embodiments of the invention; 
0040 FIG.12B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/op int where the data element width is 32 bits according 
to embodiments of the invention; 
0041 FIG. 12C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
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load/op fp where the data element width is 64 bits according 
to embodiments of the invention; 
0042 FIG. 12D is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/op fp where the data element width is 32 bits according 
to embodiments of the invention; 
0043 FIG. 13A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load int where the data 
element width is 64 bits according to embodiments of the 
invention; 
0044 FIG. 13B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load int where the data 
element width is 32 bits according to embodiments of the 
invention; 
0045 FIG. 13C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load fp where the data 
element width is 64 bits according to embodiments of the 
invention; 
0046 FIG.13D is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load fp where the data 
element width is 32 bits according to embodiments of the 
invention; 
0047 FIG. 14A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store int where the data 
element width is 64 bits according to embodiments of the 
invention; 
0048 FIG. 14B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store int where the data 
element width is 32 bits according to embodiments of the 
invention; 
0049 FIG. 14C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store fp where the data 
element width is 64 bits according to embodiments of the 
invention; 
0050 FIG. 14D is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store fp where the data 
element width is 64 bits according to embodiments of the 
invention; 
0051 FIG. 15A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load graphics where the 
data element width is 32bits according to embodiments of the 
invention; 
0052 FIG. 15B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load packed graphics 
where the data element width is 32 bits according to embodi 
ments of the invention; 
0053 FIG. 15C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store graphics where the 
data element width is 32bits according to embodiments of the 
invention; 
0054 FIG. 16A is a block diagram illustrating an exem 
plary operation 1600 that merges using the write mask in 
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write mask register K1 where the data element width is 32bits 
and where the second source and destination are the same 
according to embodiments of the invention; 
0055 FIG. 16B is a block diagram illustrating an exem 
plary operation 1625 that merges using the hardwired mask of 
all ones (the hardwired write mask is used by instructions that 
specify write mask register KO) where the data element width 
is 32bits and where the second source and destination are the 
same according to embodiments of the invention; 
0056 FIG. 16C is a block diagram illustrating the corre 
spondence of bits in the write mask registers to the data 
element positions of a 512 bit vector for the 8, 16, 32, and 64 
bit data element widths according to embodiments of the 
invention; 
0057 FIG. 16D is a block diagram illustrating an exem 
plary operation 1660 that merges using the write mask in 
write mask register K1 where the data element width is 32bits 
and where the second source and destination are different 
according to embodiments of the invention; 
0.058 FIG. 16E is a block diagram illustrating an exem 
plary operation 1666 that Zeros using the write mask in write 
mask register K1 where the data element width is 32 bits and 
where the second source and destination are different accord 
ing to embodiments of the invention; 
0059 FIG.17A illustrates a subset of fields from an exem 
plary specific vector friendly instruction format according to 
embodiments of the invention; 
0060 FIG. 17B illustrates a subset offields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 17A according 
to embodiments of the invention; 
0061 FIG. 17C illustrates a subset offields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 17A according 
to embodiments of the invention; 
0062 FIG. 17D illustrates a subset of fields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 17A according 
to embodiments of the invention; 
0063 FIG. 18A illustrates a subset of fields from an exem 
plary specific vector friendly instruction format according to 
embodiments of the invention; 
0064 FIG. 18B illustrates a subset of fields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 18A according 
to embodiments of the invention; 
0065 FIG. 18C illustrates a subset offields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 18A according 
to embodiments of the invention; 
0.066 FIG. 18D illustrates a subset of fields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 18A according 
to embodiments of the invention; 
0067 FIG.18E illustrates a subset of fields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 18A according 
to embodiments of the invention; 
0068 FIG. 18F illustrates a subset of fields from an exem 
plary specific vector friendly instruction encoded in the spe 
cific vector friend instruction format of FIG. 18A according 
to embodiments of the invention; 
0069 FIG. 19A is a block diagram illustrating whichfields 
of the no memory access, full round control type operation 
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210 instruction template of class A are utilized in different 
stages of a first exemplary processor pipeline according to 
embodiments of the invention; 
0070 FIG. 19B is a block diagram illustrating whichfields 
of the no memory access, data transform type operation 215 
instruction template of class A are utilized in different stages 
of a first exemplary processor pipeline according to embodi 
ments of the invention; 
0071 FIG. 19C is a block diagram illustrating whichfields 
of the memory access 220 instruction template of class A are 
utilized in different stages of a first exemplary processor 
pipeline according to embodiments of the invention; 
0072 FIG.20A is a block diagram illustrating whichfields 
of the no memory access, full round control type operation 
210 instruction template of class A are utilized in different 
stages of a second exemplary processor pipeline according to 
embodiments of the invention; 
0073 FIG.20B is a block diagram illustrating whichfields 
of the no memory access, data transform type operation 215 
instruction template of class A are utilized in different stages 
of a second exemplary processor pipeline according to 
embodiments of the invention; 
0074 FIG.20C is a block diagram illustrating whichfields 
of the memory access 220 instruction template of class A are 
utilized in different stages of a second exemplary processor 
pipeline according to embodiments of the invention; 
0075 FIG.21A is a block diagram illustrating whichfields 
of the no memory access, full round control type operation 
210 instruction template of class A are utilized in different 
stages of a third exemplary processor pipeline according to 
embodiments of the invention; 
0076 FIG.21B is a block diagram illustrating whichfields 
of the no memory access, data transform type operation 215 
instruction template of class A are utilized in different stages 
of a third exemplary processor pipeline according to embodi 
ments of the invention; 
0077 FIG. 21C is a block diagram illustrating whichfields 
of the memory access 220 instruction template of class A are 
utilized in different stages of a third exemplary processor 
pipeline according to embodiments of the invention; 
0078 FIG.22A is a block diagram illustrating whichfields 
of the no memory access, full round control type operation 
210 instruction template of class A are utilized in different 
stages of a fourth exemplary processor pipeline according to 
embodiments of the invention; 
0079 FIG.22B is a block diagram illustrating whichfields 
of the no memory access, data transform type operation 215 
instruction template of class A are utilized in different stages 
of a fourth exemplary processor pipeline according to 
embodiments of the invention; 
0080 FIG.22C is a block diagram illustrating whichfields 
of the memory access 220 instruction template of class A are 
utilized in different stages of a fourth exemplary processor 
pipeline according to embodiments of the invention; 
0081 FIG. 23A is a block diagram of a single CPU core, 
along with its connection to the on-die interconnect network 
2302 and with its local subset of the level 2 (L2) cache 2304. 
according to embodiments of the invention; 
I0082 FIG. 23B is an exploded view of part of the CPU 
core in FIG. 23A according to embodiments of the invention; 
0083 FIG.24 is a block diagram illustrating an exemplary 
out-of-order architecture according to embodiments of the 
invention; 
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I0084 FIG. 25 is a block diagram of a system 2500 in 
accordance with one embodiment of the invention; 
I0085 FIG. 26 is a block diagram of a second system 2600 
in accordance with an embodiment of the invention; 
I0086 FIG. 27 is a block diagram of a third system 2700 in 
accordance with an embodiment of the invention; 
I0087 FIG. 28 is a block diagram of a SoC 2800 in accor 
dance with an embodiment of the invention; 
I0088 FIG.29 is a block diagram of a single core processor 
and a multicore processor 2900 with integrated memory con 
troller and graphics according to embodiments of the inven 
tion; and 
I0089 FIG. 30 is a block diagram contrasting the use of a 
Software instruction converter to convert binary instructions 
in a source instruction set to binary instructions in a target 
instruction set according to embodiments of the invention. 

DESCRIPTION OF EMBODIMENTS 

0090. In the following description, numerous specific 
details such as logic implementations, opcodes, ways to 
specify operands, resource partitioning/sharing/duplication 
implementations, types and interrelationships of system com 
ponents, and logic partitioning/integration choices are set 
forthin order to provide a more thorough understanding of the 
present invention. It will be appreciated, however, by one 
skilled in the art that the invention may be practiced without 
Such specific details. In other instances, control structures, 
gate level circuits and full software instruction sequences 
have not been shown in detail in order not to obscure the 
invention. Those of ordinary skill in the art, with the included 
descriptions, will be able to implement appropriate function 
ality without undue experimentation. 
0091. It should also be appreciated that reference through 
out this specification to “one embodiment”, “an embodi 
ment’, or "one or more embodiments', for example, means 
that a particular feature may be included in the practice of 
embodiments of the invention, but every embodiment may 
not necessarily include the particular feature. Similarly, it 
should be appreciated that in the description various features 
are sometimes grouped together in a single embodiment, 
figure, or description thereof for the purpose of streamlining 
the disclosure and aiding in the understanding of various 
inventive aspects. Further, when a particular feature, struc 
ture, or characteristic is described in connection with an 
embodiment, it is submitted that it is within the knowledge of 
one skilled in the art to effect such feature, structure, or 
characteristic in connection with other embodiments whether 
or not explicitly described. This method of disclosure, how 
ever, is not to be interpreted as reflecting an intention that the 
invention requires more features than are expressly recited in 
each claim. Rather, as the following claims reflect, inventive 
aspects may lie in less than all features of a single disclosed 
embodiment. Thus, the claims following the Detailed 
Description are hereby expressly incorporated into this 
Detailed Description, with each claim standing on its own as 
a separate embodiment of the invention. 
0092. In the following description and claims, the terms 
“coupled and “connected, along with their derivatives, may 
be used. It should be understood that these terms are not 
intended as synonyms for each other. “Coupled' is used to 
indicate that two or more elements, which may or may not be 
in direct physical or electrical contact with each other, co 
operate or interact with each other. “Connected” is used to 
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indicate the establishment of communication between two or 
more elements that are coupled with each other. 
0093. The operations of the flow diagrams will be 
described with reference to the exemplary embodiments of 
the block diagrams. However, it should be understood that the 
operations of flow diagrams can be performed by embodi 
ments of the invention other than those discussed with refer 
ence to the block diagrams, and the embodiments discussed 
with reference to the block diagrams can perform operations 
different than those discussed with reference to the flow dia 
grams. 
0094. To ease understanding, dashed lines have been used 
in the figures to signify the optional nature of certain items 
(e.g., features not Supported by a given implementation of the 
invention; features Supported by a given implementation, but 
used in some situations and not in others). 
0095 Vector Friendly Instruction Format FIGS. 1-16 
0096. 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 embodi 
ments are described in which both vector and scalar opera 
tions are Supported through the vector friendly instruction 
format, alternative embodiments use only vector operations 
the vector friendly instruction format. 
0097. Number of Instruction Formats FIG. 1A-1B 
0098. One Instruction Format FIG. 1A 
0099 FIG. 1A is a block diagram illustrating an instruc 
tion stream having only instructions in the vector friendly 
instruction format according to one embodiment of the inven 
tion. The instruction stream includes a sequence of J instruc 
tions that are all in the vector friendly format 100A-100J. In 
one embodiment of the invention a processor Supports only 
the vector instruction format and can execute this instruction 
Stream. 

0100 Multiple Instruction Formats FIG. 1B 
0101 FIG. 1B is a block diagram illustrating an instruc 
tion stream with instructions in multiple instruction formats 
according to one embodiment of the invention. Each instruc 
tion in the instruction stream is expressed in the vector 
friendly instruction format, a second format, or a third format. 
The instruction stream includes J instructions 110A-110.J. In 
one embodiment of the invention a processor Supports mul 
tiple instruction formats (including the formats shown in FIG. 
1B) and can execute the instruction streams in both FIGS. 
1A-1B. 
0102) Exemplary Generic Vector Friendly Instruction For 
mat—FIG. 2A-B 
0103 FIGS. 2A-B are block diagrams illustrating a 
generic vector friendly instruction format and instruction 
templates thereof according to embodiments of the invention. 
FIG. 2A is a block diagram illustrating a generic vector 
friendly instruction format and class A instruction templates 
thereof according to embodiments of the invention; while 
FIG. 2B is a block diagram illustrating the generic vector 
friendly instruction format and class B instruction templates 
thereof according to embodiments of the invention. Specifi 
cally, a generic vector friendly instruction format 200 for 
which are defined class A and class B instruction templates, 
both of which include no memory access 205 instruction 
templates and memory access 220 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 will be described 
in which instructions in the vector friendly instruction format 
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operate on vectors that are sourced from either registers (no 
memory access 205 instruction templates) or registers/ 
memory (memory access 220 instruction templates), alterna 
tive embodiments of the invention may support only one of 
these. Also, while embodiments of the invention will be 
described in which there are load and store instructions in the 
vector instruction format, alternative embodiments instead or 
additionally have instructions in a different instruction format 
that move vectors into and out of registers (e.g., from memory 
into registers, from registers into memory, between registers). 
Further, while embodiments of the invention will be 
described that Support two classes of instruction templates, 
alternative embodiments may support only one of these or 
more than two. 

0104. 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 32bit (4 byte) or 64bit (8 byte) data element widths 
(or sizes) (and thus, a 64 byte vector consists of either 16 
doubleword-size elements or alternatively, 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 (1 byte) 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 8bit (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). 
0105. The class A instruction templates in FIG. 2A 
include: 1) within the no memory access 205 instruction 
templates there is shown a no memory access, full round 
control type operation 210 instruction template and a no 
memory access, data transform type operation 215 instruc 
tion template; and 2) within the memory access 220 instruc 
tion templates there is shown a memory access, temporal 225 
instruction template and a memory access, non-temporal 230 
instruction template. The class B instruction templates in 
FIG. 2B include: 1) within the no memory access 205 instruc 
tion templates there is shown a no memory access, write mask 
control, partial round control type operation 212 instruction 
template and a no memory access, write mask control, Vsize 
type operation 217 instruction template; and 2) within the 
memory access 220 instruction templates there is shown a 
memory access, write mask control 227 instruction template. 
01.06 
0107 The generic vector friendly instruction format 200 
includes the following fields listed below in the order illus 
trated in FIGS 2A-B. 

0.108 Format field 240—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. Thus, the content of the format field 240 
distinguish occurrences of instructions in the first instruction 
format from occurrences of instructions in other instruction 
formats, thereby allowing for the introduction of the vector 
friendly instruction format into an instruction set that has 
other instruction formats. As such, this field is optional in the 
sense that it is not needed for an instruction set that has only 
the generic vector friendly instruction format. 

Format 
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0109 Base operation field 242—its content distinguishes 
different base operations. As described later herein, the base 
operation field 242 may include and/or be part of an opcode 
field. 

0110 Register index field 244 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 a PxQ (e.g. 32x512) 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 destina 
tion, 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). While in one embodiment 
P=32, alternative embodiments may support more or less 
registers (e.g., 16). While in one embodiment Q=512 bits, 
alternative embodiments may support more or less bits (e.g., 
128, 1024). 
0111 Modifier field 246 its content distinguishes occur 
rences of instructions in the generic vector instruction format 
that specify memory access from those that do not; that is, 
between no memory access 205 instruction templates and 
memory access 220 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 calcula 
tions. 

0112 Augmentation operation field 250 its content dis 
tinguishes which one of a variety 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 is divided into a class field 268, an alpha field 252, and a 
beta field 254. The augmentation operation field allows com 
mon groups of operations to be performed in a single instruc 
tion rather than 2, 3 or 4 instructions. Below are some 
examples of instructions (the nomenclature of which are 
described in more detail later herein) that use the augmenta 
tion field 250 to reduce the number of required instructions. 

Instructions Sequences according 
Prior Instruction Sequences to on Embodiment of the Invention 

Vaddpsymm0, ymm1, ymm2 
wpshufdymm2, ymm2, Ox55 
Vaddpsymm0, ymm1, ymm2 
vpmovSXbdymm2, rax 
vcvtdq2psymm2, ymm2 
Vaddpsymm0, ymm1, ymm2 
vpmovSXbdymm3, rax 
vcvtdq2psymm3, ymm3 
Vaddpsymma, ymm2, ymm3 
vblendvpsymm1, ymm5, ymm1, 
ymm4 

Vaddps Zimm0, Zmm1, Zmm2 
vaddps Zimmo, Zmm1, Zmm2 {bbbb} 

Vaddps Zimm1 k5, Zmm2, 
rax{sint8 
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-continued 

Instructions Sequences according 
Prior Instruction Sequences to on Embodiment of the Invention 

Vmaskmovpsymm1, ymm7, rbX 
wbroadcastSSymm0, rax 
Vaddpsymm2, ymm0, ymm1 
vblendvpsymm2, ymm2, ymm1, 
ymm7 

Where raxis the base pointer to be used for address generation, and where { } indicates a 
conversion operation specified by the data manipulation field (described in more detail later 
here). 

0113 Scale field 260 its contentallows for the scaling of 
the index field's content for memory address generation (e.g., 
for address generation that uses 2**index+base). 
0114 Displacement Field 262A its content is used as 
part of memory address generation (e.g., for address genera 
tion that uses 2**index+base+displacement). 
0115 Displacement Factor Field 262B (note that the jux 
taposition of displacement field 262A directly over displace 
ment factor field 262B indicates one or the other is used) its 
content is used as part of address generation; it specifies a 
displacement factor that is to be scaled by the size of a 
memory access (N) where N is the number of bytes in the 
memory access (e.g., for address generation that uses 
2**index+base+scaled displacement). Redundant low-or 
der bits are ignored and hence, the displacement factor field's 
content is multiplied by the memory operands total size (N) in 
order to generate the final displacement to be used in calcu 
lating an effective address. The value of N is determined by 
the processor hardware at runtime based on the full opcode 
field 274 (described later herein) and the data manipulation 
field 254C as described later herein. The displacement field 
262A and the displacement factor field 262B are optional in 
the sense that they are not used for the no memory access 205 
instruction templates and/or different embodiments may 
implement only one or none of the two. 
0116. Data element width field 264—its content distin 
guishes which one of a number of data element widths is to be 
used (in some embodiments for all instructions; in other 
embodiments for only some of the instructions). This field is 
optional in the sense that it is not needed if only one data 
element width is supported and/or data element widths are 
Supported using some aspect of the opcodes. 
0117. Write mask field 270 its content controls, on a per 
data element position basis, whether that data element posi 
tion in the destination vector operand reflects the result of the 
base operation and augmentation operation. Class A instruc 
tion templates Support merging-writemasking, while class B 
instruction templates Support both merging- and Zeroing 
writemasking. When merging, vector masks allow any set of 
elements in the destination to be protected from updates dur 
ing 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 a 0. In 
contrast, when Zeroing vector masks allow any set of ele 
ments in the destination to be Zeroed during the execution of 
any operation (specified by the base operation and the aug 
mentation operation); in one embodiment, an element of the 
destination is set to 0 when the corresponding mask bit has a 
0 value. A subset of this functionality is the 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 is not necessary that the elements that are 
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modified be consecutive. Thus, the write mask field 270 
allows for partial vector operations, including loads, stores, 
arithmetic, logical, etc. Also, this masking can be used for 
fault Suppression (i.e., by masking the destination's data ele 
ment positions to prevent receipt of the result of any operation 
that may/will cause a fault—e.g., assume that a vector in 
memory crosses a page boundary and that the first page but 
not the second page would cause a page fault, the page fault 
can be ignored if all data element of the vector that lie on the 
first page are masked by the write mask). Further, write masks 
allow for “vectorizing loops' that contain certain types of 
conditional statements. While embodiments of the invention 
are described in which the write mask field's 270 content 
selects one of a number of write mask registers that contains 
the write mask to be used (and thus the write mask field's 270 
content indirectly identifies that masking to be performed), 
alternative embodiments instead or additional allow the mask 
write field's 270 content to directly specify the masking to be 
performed. Further, Zeroing allows for performance improve 
ments when: 1) register renaming is used on instructions 
whose destination operand is not also a source (also call 
non-ternary instructions) because during the register renam 
ing pipeline stage the destination is no longer an implicit 
Source (no data elements from the current destination register 
need be copied to the renamed destination register or some 
how carried along with the operation because any data ele 
ment that is not the result of operation (any masked data 
element) will be zeroed); and 2) during the write back stage 
because Zeros are being written. 
0118. Immediate field 272 its content allows for the 
specification of an immediate. This field is optional in the 
sense that is it not present in an implementation of the generic 
vector friendly format that does not support immediate and it 
is not present in instructions that do not use an immediate. 
0119 Instruction Template Class Selection 
0120 Class field 268 its content distinguishes between 
different classes of instructions. With reference to FIGS. 
2A-B, the contents of this field select between class A and 
class B instructions. In FIGS. 2A-B, rounded corner squares 
are used to indicate a specific value is present in a field (e.g., 
class A 268A and class B 268B for the class field 268 respec 
tively in FIGS. 2A-B). 
0121 No-Memory Access Instruction Templates of Class 
A 

0122. In the case of the non-memory access 205 instruc 
tion templates of class A, the alpha field 252 is interpreted as 
an RS field 252A, whose content distinguishes which one of 
the different augmentation operation types are to be per 
formed (e.g., round 252A.1 and data transform 252A.2 are 
respectively specified for the no memory access, round type 
operation 210 and the no memory access, data transform type 
operation 215 instruction templates), while the beta field 254 
distinguishes which of the operations of the specified type is 
to be performed. In FIG. 2, rounded corner blocks are used to 
indicate a specific value is present (e.g., no memory access 
246A in the modifier field 246; round 252A.1 and data trans 
form 252A.2 for alpha field 252/rs field 252A). In the no 
memory access 205 instruction templates, the scale field 260, 
the displacement field 262A, and the displacement scale field 
262B are not present. 
0123 No-Memory Access Instruction Templates—Full 
Round Control Type Operation 
0.124. In the no memory access full round control type 
operation 210 instruction template, the beta field 254 is inter 
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preted as a round control field 254A, whose content(s) pro 
vide static rounding. While in the described embodiments of 
the invention the round control field 254A includes a suppress 
all floating point exceptions (SAE) field 256 and a round 
operation control field 258, 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 258). 
0.125 SAE field 256 its content distinguishes whether or 
not to disable the exception event reporting; when the SAE 
field's 256 content indicates suppression is enabled, a given 
instruction does not report any kind of floating-point excep 
tion flag and does not raise any floating point exception han 
dler. 

0.126 Round operation control field 258 its content dis 
tinguishes 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 258 allows for the changing of the rounding mode on a 
per instruction basis, and thus is particularly useful when this 
is required. In one embodiment of the invention where a 
processor includes a control register for specifying rounding 
modes, the round operation control field's 250 content over 
rides that register value (Being able to choose the rounding 
mode without having to perform a save-modify-restore on 
Such a control register is advantageous). 
I0127. No Memory Access Instruction Templates—Data 
Transform Type Operation 
0128. In the no memory access data transform type opera 
tion 215 instruction template, the beta field 254 is interpreted 
as a data transform field 254B, whose content distinguishes 
which one of a number of data transforms is to be performed 
(e.g., no data transform, Swizzle, broadcast). 
0129 
0.130. In the case of a memory access 220 instruction tem 
plate of class A, the alpha field 252 is interpreted as an 
eviction hint field 252B, whose content distinguishes which 
one of the eviction hints is to be used (in FIG. 2A, temporal 
252B.1 and non-temporal 252B.2 are respectively specified 
for the memory access, temporal 225 instruction template and 
the memory access, non-temporal 230 instruction template), 
while the beta field 254 is interpreted as a data manipulation 
field 254C, whose content distinguishes which one of a num 
ber of data manipulation operations (also known as primi 
tives) is to be performed (e.g., no manipulation; broadcast; up 
conversion of a source; and down conversion of a destina 
tion). The memory access 220 instruction templates include 
the scale field 260, and optionally the displacement field 
262A or the displacement scale field 262B. 
I0131 Vector Memory Instructions perform vector loads 
from and vector Stores to memory, with conversion Support. 
As with regular vector instructions, vector memory instruc 
tions transfer data from/to memory in a data element-wise 
fashion, with the elements that are actually transferred dic 
tated by the contents of the vector mask that is selected as the 
write mask. In FIG. 2A, rounded corner squares are used to 
indicate a specific value is present in a field (e.g., memory 
access 246B for the modifier field 246; temporal 252B.1 and 
non-temporal 252B.2 for the alpha field 252/eviction hint 
field 252B) 
(0132 
0.133 Temporal data is data likely to be reused soon 
enough to benefit from caching. This is, however, a hint, and 

Memory Access Instruction Templates of Class A 

Memory Access Instruction Templates—Temporal 
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different processors may implement it in different ways, 
including ignoring the hint entirely. 
0134 Memory Access Instruction Templates Non-Tem 
poral 
0135 Non-temporal data is data 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, a hint, 
and different processors may implement it in different ways, 
including ignoring the hint entirely. 
0.136 Instruction Templates of Class B 
0.137 In the case of the instruction templates of class B, 
the alpha field 252 is interpreted as a write mask control (Z) 
field 252C, whose content distinguishes whether the write 
masking controlled by the write mask field 270 should be a 
merging or a Zeroing. 
0138 No-Memory Access Instruction Templates of Class 
B 
0.139. In the case of the non-memory access 205 instruc 
tion templates of class B, part of the beta field 254 is inter 
preted as an RL field 257A, whose content distinguishes 
which one of the different augmentation operation types are 
to be performed (e.g., round 257 A.1 and vector length 
(VSIZE)257A.2 are respectively specified for the no memory 
access, write mask control, partial round control type opera 
tion 212 instruction template and the no memory access, write 
mask control, VSIZE type operation 217 instruction tem 
plate), while the rest of the beta field 254 distinguishes which 
of the operations of the specified type is to be performed. In 
FIG. 2, rounded corner blocks are used to indicate a specific 
value is present (e.g., no memory access 246A in the modifier 
field 246; round 257A.1 and VSIZE 257A.2 for the RL field 
257A). In the no memory access 205 instruction templates, 
the scale field 260, the displacement field 262A, and the 
displacement scale field 262B are not present. 
0140 No-Memory Access Instruction Templates Write 
Mask Control, Partial Round Control Type Operation 
0141. In the no memory access, write mask control, partial 
round control type operation 210 instruction template, the rest 
of the beta field 254 is interpreted as a round operation field 
259A and exception event reporting is disabled (a given 
instruction does not report any kind of floating-point excep 
tion flag and does not raise any floating point exception han 
dler). 
0142 Round operation control field 259A just as round 
operation control field 258, 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 259A 
allows for the changing of the rounding mode on aper instruc 
tion basis, and thus is particularly useful when this is required. 
In one embodiment of the invention where a processor 
includes a control register for specifying rounding modes, the 
round operation control field's 250 content overrides that 
register value (Being able to choose the rounding mode with 
out having to performa Save-modify-restore on Such a control 
register is advantageous). 
0143 No Memory Access Instruction Templates Write 
Mask Control, VSIZE Type Operation 
0144. In the no memory access, write mask control, 
VSIZE type operation 217 instruction template, the rest of the 
beta field 254 is interpreted as a vector length field 259B, 
whose content distinguishes which one of a number of data 
vector length is to be performed on (e.g., 128, 256, or 512 
byte). 
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0145 Memory Access Instruction Templates of Class B 
0146 In the case of a memory access 220 instruction tem 
plate of class A, part of the beta field 254 is interpreted as a 
broadcast field 257B, whose content distinguishes whether or 
not the broadcast type data manipulation operation is to be 
performed, while the rest of the beta field 254 is interpreted 
the vector length field 259B. The memory access 220 instruc 
tion templates include the scale field 260, and optionally the 
displacement field 262A or the displacement scale field 262B. 
0147 Additional Comments Regarding Fields 
0.148. With regard to the generic vector friendly instruc 
tion format 200, a full opcode field 274 is shown including the 
format field 240, the base operation field 242, and the data 
element width field 264. While one embodiment is shown 
where the full opcode field 274 includes all of these fields, the 
full opcode field 274 includes less than all of these fields in 
embodiments that do not support all of them. The full opcode 
field 274 provides the operation code. 
014.9 The augmentation operation field 250, the data ele 
ment width field 264, and the write mask field 270 allow these 
features to be specified on a per instruction basis in the 
generic vector friendly instruction format. 
0150. The combination of write mask field and data ele 
ment width field create typed instructions in that they allow 
the mask to be applied based on different data element widths. 
0151. The instruction format requires a relatively small 
number of bits because it reuses different fields for different 
purposes based on the contents of other fields. For instance, 
one perspective is that the modifier field's content chooses 
between the no memory access 205 instructions templates on 
FIGS. 2A-B and the memory access 2250 instruction tem 
plates on FIGS. 2A-B; while the class field 268's content 
chooses within those non-memory access 205 instruction 
templates between instruction templates 210/215 of FIG. 2A 
and 212/217 of FIG. 2B; and while the class field 268's 
content chooses within those memory access 220 instruction 
templates between instruction templates 225/230 of FIGS. 
2A and 227 of FIG. 2B. From another perspective, the class 
field 268's content chooses between the class A and class B 
instruction templates respectively of FIGS. 2A and B; while 
the modifier field's content chooses within those class A 
instruction templates between instruction templates 205 and 
220 of FIG. 2A; and while the modifier field's content 
chooses within those class B instruction templates between 
instruction templates 205 and 220 of FIG. 2B. In the case of 
the class field's content indicating a class A instruction tem 
plate, the content of the modifier field 246 chooses the inter 
pretation of the alpha field 252 (between thers field 252A and 
the EH field 252B. In a related manner, the contents of the 
modifier field 246 and the class field 268 chose whether the 
alpha field is interpreted as the rs field 252A, the EH field 
252B, or the write mask control (Z) field 252C. In the case of 
the class and modifier fields indicating a class A no memory 
access operation, the interpretation of the augmentation 
fields beta field changes based on thers field's content; while 
in the case of the class and modifier fields indicating a class B 
no memory access operation, the interpretation of the beta 
field depends on the contents of the RL field. In the case of the 
class and modifier fields indicating a class A memory access 
operation, the interpretation of the augmentation field's beta 
field changes based on the base operation field's content; 
while in the case of the class and modifier fields indicating a 
class B memory access operation, the interpretation of the 
augmentation field's beta field's broadcast field 257B 
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changes based on the base operation field's contents. Thus, 
the combination of the base operation field, modifier field and 
the augmentation operation field allow for an even wider 
variety of augmentation operations to be specified. 
0152 The various instruction templates found within class 
A and class B are beneficial in different situations. Class B is 
useful when Zeroing-writemasking or Smaller vector lengths 
are desired for performance reasons. For example, Zeroing 
allows avoiding fake dependences when renaming is used 
since we no longer need to artificially merge with the desti 
nation; as another example, vector length control eases store 
load forwarding issues when emulating shorter vector sizes 
with the vector mask. Class A is useful when it is desirable to: 
1) allow floating point exceptions (i.e., when the contents of 
the SAE field indicate no) while using rounding-mode con 
trols at the same time; 2) be able to use upconversion, Swiz 
Zling, Swap, and/or downconversion; 3) operate on the graph 
ics data type. For instance, upconversion, Swizzling, Swap, 
downconversion, and the graphics data type reduce the num 
ber of instructions required when working with sources in a 
different format; as another example, the ability to allow 
exceptions provides full IEEE compliance with directed 
rounding-modes. Also, in Some embodiments of the inven 
tion, different processors or different cores within a processor 
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, a core 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 is within 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 a processor with separate graphics and 
general purpose cores, one of the graphics cores intended 
primarily for graphics and/or scientific computing may Sup 
port only class A, while one or more of the general purpose 
cores may be high performance general 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 a high level language would be put (e.g., just in time 
compiled or statically compiled) into an variety of different 
executable forms, including: 1) a form having only instruc 
tions of the class(es) Supported by the target processor for 
execution; or 2) a form having alternative 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. 
0153. Exemplary Specific Vector Friendly Instruction For 
mat FIGS 3A-D 

0154 FIG. 3A is a block diagram illustrating an exem 
plary specific vector friendly instruction format according to 
embodiments of the invention. FIG. 3A shows a specific 
vector friendly instruction format 300 that is specific in the 
sense that it specifies the location, size, interpretation, and 
order of the fields, as well as values for some of those fields. 
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The specific vector friendly instruction format 300 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 the existing x86 instruction set with 
extensions. The fields from FIG. 2 into which the fields from 
FIG. 3A map are illustrated. 
0.155. It should be understand that although embodiments 
of the invention are described with reference to the specific 
vector friendly instruction format 300 in the context of the 
generic vector friendly instruction format 200 for illustrative 
purposes, the invention is not limited to the specific vector 
friendly instruction format 300 except where claimed. For 
example, the generic vector friendly instruction format 200 
contemplates a variety of possible sizes for the various fields, 
while the specific vector friendly instruction format 300 is 
shown as having fields of specific sizes. By way of specific 
example, while the data element width field 264 is illustrated 
as a one bit field in the specific vector friendly instruction 
format 300, the invention is not so limited (that is, the generic 
vector friendly instruction format 200 contemplates other 
sizes of the data element width field 264). 
0156 Format FIG. 3A 
(O157. The generic vector friendly instruction format 200 
includes the following fields listed below in the order illus 
trated in FIG. 3A. 

0158 EVEX Prefix (Bytes 0-3) 
0159 EVEX Prefix 302 is encoded in a four-byte form. 
(0160 Format Field 240 (EVEX Byte 0, bits 7:0) the 
first byte (EVEX Byte 0) is the format field 240 and it contains 
OX62 (the unique value used for distinguishing the vector 
friendly instruction format in one embodiment of the inven 
tion). 
(0161 The second-fourth bytes (EVEX Bytes 1-3) include 
a number of bit fields providing specific capability. 
(0162 REX field 305 (EVEX Byte 1, bits (7-5)—consists 
of a EVEX.R bit field (EVEX Byte 1, bit 7-R), EVEX.X 
bit field (EVEX byte 1, bit 6-X), and 257BEX byte 1, 
bit 5 B). The EVEX.R, EVEX.X, and EVEX.B bit fields 
provide the same functionality as the corresponding VEX bit 
fields, and are encoded using is complement form, i.e. ZMMO 
is encoded as 1111B, ZMM15 is encoded as 0000B. Other 
fields of the instructions encode the lower three bits of the 
register indexes as is known in the art (rrr, XXX, and bbb), so 
that Rrrr, XXXX, and Bbbb may be formed by adding EVEX. 
R, EVEX.X, and EVEX.B. 
(0163 REX' field 310 this is the first part of the REX' 
field 310 and is the EVEX.R' bit field (EVEX Byte 1, bit 
4—R') that is used 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 as indicated 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 11 in the MOD field; alterna 
tive embodiments of the invention do not store this and the 
other indicated bits below in the inverted format. A value of 1 
is used to encode the lower 16 registers. In other words, R'Rrrr 
is formed by combining EVEX.R, EVEX.R, and the other 
RRR from other fields. 
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(0164. Opcode map field 315 (EVEX byte 1, bits 3:0– 
mm mm)—its content encodes an implied leading opcode 
byte (OF, OF 38, or OF 3A). 
(0165 Data element width field 264 (EVEX byte 2, bit 
7- W) is represented by the notation EVEX.W. EVEX.W 

is used to define the granularity (size) of the datatype (either 
32-bit data elements or 64-bit data elements). 
(0166 EVEX.vvvv 320 (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, speci 
fied in inverted (1s complement) form and is valid for instruc 
tions with 2 or more source operands; 2) EVEX.VVVV encodes 
the destination register operand, specified in 1s complement 
form for certain vector shifts; or 3) EVEX. VVVV does not 
encode any operand, the field is reserved and should contain 
1111b. Thus, EVEX.Vvvv field 320 encodes the 4 low-order 
bits of the first source register specifier stored in inverted (1s 
complement) form. Depending on the instruction, an extra 
different EVEX bit field is used to extend the specifier size to 
32 registers. 
(0167 EVEX.U. 268 Class field (EVEX byte 2, bit 2– 
U). If EVEX.U=0, it indicates class A or EVEX.U0; if 
EVEX.U=1, it indicates class B or EVEX.U1. 
(0168 Prefix encoding field 325 (EVEX byte 2, bits 
1:0 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 also has the 
benefit of compacting the SIMD prefix (rather than requiring 
a byte 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 con 
tent 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. 
(0169 Alpha field 252 (EVEX byte 3, bit 7-EH; also 
known as EVEX.EH, EVEX.rs, EVEX.RL, EVEX.write 
mask control, and EVEX.N; also illustrated with C)—as pre 
viously described, this field is context specific. Additional 
description is provided later herein. 
(0170 Beta field 254 (EVEXbyte 3, bits 6:4–SSS, also 
known as EVEX.so, EVEX.ro, EVEX.rrl, EVEX.LL0, 
EVEX.LLB; also illustrated with BBf3)—as previously 
described, this field is context specific. Additional description 
is provided later herein. 
(0171 REX' field 310 this is the remainder of the REX' 
field and is the 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 1 is used to encode the lower 16 registers. 
In other words, VVVVV is formed by combining EVEX.V', 
EVEXVVVV. 

0172 Write mask field 270 (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 
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the invention, the specific value EVEX.kkk=000 has a special 
behavior implying no write mask is used for the particular 
instruction (this may be implemented in a variety of ways 
including the use of a write mask hardwired to all ones or 
hardware that bypasses the masking hardware). 
(0173 Real Opcode Field 330 (Byte 4) 
0.174. This is also known as the opcode byte. Part of the 
opcode is specified in this field. 
(0175 MOD R/M Field 340 (Byte 5) 
(0176 Modifier field 246 (MODR/M.MOD, bits 7-6- 
MOD field 342)—As previously described, the MOD field's 
342 content distinguishes between memory access and non 
memory access operations. This field will be further 
described later herein. 
(0177 MODR/M.reg field 344, bits 5-3 the role of 
ModR/M.reg field can be summarized to two situations: 
ModR/M.reg encodes either the destination register operand 
or a source register operand, or ModR/M.reg is treated as an 
opcode extension and not used to encode any instruction 
operand. 
0.178 MODR/Mr/m field 346, bits 2-0. The role of 
ModR/M.r/m field may include the following: ModR/M.r/m 
encodes the instruction operand that references a memory 
address, or ModR/M.r/m encodes either the destination reg 
ister operand or a source register operand. 
(0179 Scale, Index, Base (SIB) Byte (Byte 6) 
0180 Scale field 260 (SIB.SS, bits 7-6–As previously 
described, the scale field's 260 content is used for memory 
address generation. This field will be further described later 
herein. 
0181 SIB.xxx 354 (bits 5-3 and SIB.bbb 356 (bits 
2-0)—the contents of these fields have been previously 
referred to with regard to the register indexes XXXX and Bbbb. 
0182 Displacement Byte(s) (Byte 7 or Bytes 7-10) 
0183 Displacement field 262A (Bytes 7-10) when 
MOD field 342 contains 10, bytes 7-10 are the displacement 
field 262A, and it works the same as the legacy 32-bit dis 
placement (disp32) and works at byte granularity. 
(0.184 Displacement factor field 262B (Byte 7) when 
MOD field 342 contains 01, byte 7 is the displacement factor 
field 262B. The location of this field is that same as that 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 bits that can be set to only 
four really useful values -128, -64, 0, and 64; since a greater 
range is often needed, disp32 is used; however, disp32 
requires 4 bytes. In contrast to disp8 and disp32, the displace 
ment factor field 262B is a reinterpretation of disp8; when 
using displacement factor field 262B, 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 is referred to as disp8*N. This reduces 
the average instruction length (a single byte of used for the 
displacement but with a much greater range). Such com 
pressed 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 262B substitutes the legacy x86 
instruction set 8-bit displacement. Thus, the displacement 
factor field 262B is encoded the same way as an x86 instruc 
tion set 8-bit displacement (so no changes in the ModRM/SIB 
encoding rules) with the only exception that disp8 is over 
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loaded to disp8*N. In other words, there are no changes in the 
encoding rules or encoding lengths but only in the interpre 
tation of the displacement value by hardware (which needs to 
scale the displacement by the size of the memory operand to 
obtain a byte-wise address offset). 
0185. Immediate 
0186 Immediate field 272 operates as previously 
described. 

0187 Full Opcode Field FIG. 3B 
0188 FIG. 3B is a block diagram illustrating the fields of 
the specific vector friendly instruction format 300 that make 
up the full opcode field 274 according to one embodiment of 
the invention. Specifically, the full opcode field 274 includes 
the format field 240, the base operation field 242, and the data 
element width (W) field 264. The base operation field 242 
includes the prefix encoding field 325, the opcode map field 
315, and the real opcode field 330. 
(0189 Register Index Field FIG. 3C 
0.190 FIG. 3C is a block diagram illustrating the fields of 
the specific vector friendly instruction format 300 that make 
up the register index field 244 according to one embodiment 
of the invention. Specifically, the register index field 244 
includes the REX field 305, the REX' field 310, the MODR/ 
M.reg field 344, the MODR/Mr/m field 346, the VVVV field 
320, XXX field 354, and the bbb field 356. 
(0191 Augmentation Operation Field FIG. 3D 
0.192 FIG. 3D is a block diagram illustrating the fields of 
the specific vector friendly instruction format 300 that make 
up the augmentation operation field 250 according to one 
embodiment of the invention. When the class (U) field 268 
contains 0 it signifies EVEX.UO (class A 268A); when it 
contains 1 it signifies EVEX.U1 (class B 268B). When U=0 
and the MOD field 342 contains 11 (signifying a no memory 
access operation), the alpha field 252 (EVEX byte 3, bit 
7-EH) is interpreted as thers field 252A. When thers field 
252A contains a 1 (round 252A1), the beta field 254 (EVEX 
byte 3, bits 6:4—SSS) is interpreted as the round control 
field 254A. The round control field 254A includes a one bit 
SAE field 256 and a two bit round operation field 258. When 
thers field 252A contains a 0 (data transform 252A.), the beta 
field 254 (EVEX byte 3, bits 6:4–SSS) is interpreted as a 
three bit data transform field 254B. When U=0 and the MOD 
field 342 contains 00, 01, or 10 (signifying a memory access 
operation), the alpha field 252 (EVEXbyte 3, bit 7-EH) is 
interpreted as the eviction hint (EH) field 252B and the beta 
field 254 (EVEX byte 3, bits 6:4–SSS) is interpreted as a 
three bit data manipulation field 254C. 
(0193 When U=1, the alpha field 252 (EVEX byte 3, bit 
I7—EH) is interpreted as the write mask control (Z) field 
252C. When U=1 and the MOD field 342 contains 11 (signi 
fying a no memory access operation), part of the beta field 254 
(EVEX byte 3, bit 4–S) is interpreted as the RL field 
257A: when it contains a 1 (round 257A.1) the rest of the beta 
field 254 (EVEXbyte 3, bit 6-5–S) is interpreted as the 
round operation field 259A, while when the RL field 257A 
contains a 0 (VSIZE 257.A2) the rest of the beta field 254 
(EVEX byte 3, bit 6-5 S) is interpreted as the vector 
length field 259B (EVEXbyte 3, bit 6-5 L). When U=1 
and the MOD field 342 contains 00, 01, or 10 (signifying a 
memory access operation), the beta field 254 (EVEXbyte 3, 
bits 6:4–SSS) is interpreted as the vector length field 259B 
(EVEX byte 3, bit 6-5 L) and the broadcast field 257B 
(EVEX byte 3, bit 4–B). 
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0194 Some Additional Points 
0.195 The vector format extends the number of registers to 
32 (REX). 
0196. Non-destructive source register encoding (appli 
cable to three and four operand syntax): This is the first source 
operand in the instruction syntax. It is represented by the 
notation, EVEX.VVVV. This field is encoded using 1s comple 
ment form (inverted form), i.e. ZMMO is encoded as 1111B, 
ZMM15 is encoded as OOOOB. Note that an extra bit field in 
EVEX is needed to extend the source to 32 registers. 
(0197) EVEX.W defines the datatype size (32-bits or 
64-bits) for certain of the instructions. 
0198 32 extended register set encoding: EVEX prefix 
provide additional bit field to encode 32 registers per source 
with the following dedicated bit fields: EVEX.R and EVEX. 
V" (together with EVEX.X for register-register formats). 
(0199 Compaction of SIMD prefix: Legacy SSE instruc 
tions effectively use SIMD prefixes (66H, F2H, F3H) as an 
opcode extension field. EVEX prefix encoding allows the 
functional capability of Such legacy SSE instructions using 
512 bit vector length. 
0200 Compaction of two-byte and three-byte opcode: 
More recently introduced legacy SSE instructions employ 
two and three-byte opcode. The one or two leading bytes are: 
OFH, and OFH 3AH/OFH 38H. The one-byte escape (OFH) 
and two-byte escape (OFH3AH, OFH38H) can also be inter 
preted as an opcode extension field. The EVEX.mmm field 
provides compaction to allow many legacy instruction to be 
encoded without the constant byte sequence, OFH, OFH3AH, 
OFH 38H. 
0201 Exemplary Flow Diagram Showing the Interrela 
tionship of Some of the Fields of Vector Friendly Instruction 
Format FIGS 4A-4E 
0202 FIGS. 4A-4D illustrate a flow diagram showing the 
inter relationship of some of the fields of the vector friendly 
instruction format according to one embodiment of the inven 
tion; while FIG. 4E is an exploded view of each of blocks 
415A-H according to one embodiment of the invention. In 
block 400, it is determined whether the value of the initial 
field indicates the vector friendly instruction format (e.g., 
0x62). If not, control passes to block 402 where the instruc 
tion is handled according to one of the other formats of the 
instruction set. If so, control passes to block 492. 
0203. In block 492, it is determined whether the content of 
the class (U) field indicates class A or class B instruction 
templates. In the case of class A, control passes to two sepa 
rate blocks: block 404A and 490. Otherwise, control passes to 
through circled B to two separate blocks on FIG. 4C: block 
404B and block 493. 
0204. In block 404A, it is determined whether the content 
of the modifier field indicates a no memory access operation 
or a memory access operation. In the case of a no memory 
access operation (e.g., MOD field 342=11), control passes to 
blocks 406 and 408. In the case of a memory access operation 
(e.g., MOD field 342=00, 01, or 10), control passes to each of 
block 422, block 430, and block 440A (on FIG. 4B through 
the circled A). 
(0205. A rounded corner box labeled alpha field 252 
encompasses block 408 and block 422 because they represent 
the different interpretations of the alpha field 252. Specifi 
cally, block 408 represents the alpha field's 252 interpretation 
as the rs field 252A, while block 422 represents when the 
alpha field's 252 interpretation as the eviction hint field 252B. 
0206. In block 406, the contents of the register index field 
244 are used as illustrated in FIG. 6A. 
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0207. In block 408, it is determined whether thers fields 
252A content indicates a round type operation (e.g., rS field 
252A=1) or a data transform type operation (e.g., rs field 
252A-0). In the former, control passes to each of block 410. 
block 412A, and block 414. In the latter case, control passes 
to block 416. 

0208. A rounded corner box labeled beta (round control) 
field 254A encompasses block 410 and block 412A. Block 
410 illustrates a decision regarding the SAE field's 256 con 
tent (whether or not to Suppress floating point exceptions), 
while block 412A illustrates a decision based on the round 
operation field's 258 content (distinguishing one of the group 
of possible rounding operations). The decisions made in 
block 410 and 412A are illustrated in FIG. 7A. 

0209 Blocks 414, 416, 442, 448, 454, 460, 468, and 474 
all illustrate a decision regarding the content of the data 
element width (w) field 264. As illustrated in FIG.4, the data 
element width field 264 is a 1 bit field in the specific vector 
friendly instruction format 300 of FIG. 3A. As such, these 
blocks decide whether the data element width is 64bits (e.g., 
1) or 32 bits (e.g., 0). With regard to block 414, this decision 
marks the end of this branch of the flow. In contrast, control 
passes from block 416 to block 418 or block 420 for the 64bit 
and 32 bit data element widths, respectively. 
0210 Arounded corner box labeled beta (data transform) 
field 254B encompasses both block 418 and block 420; and 
thus represents the case where the beta field 254 is interpreted 
as the data transform field 254B. In blocks 418 and 420, the 
content of the data transform field 254B is used to distinguish 
which one of a number of data transform operations is to be 
performed. The groups of possible data transform operations 
for block 418 and block 420 are respectively shown in FIG. 
8A and FIG. 8B. 

0211. In block 422, the content of the eviction hint field 
252B is used to distinguish which one of the group of possible 
eviction hint options should be used. FIG. 4 illustrates the use 
of a 1 bit eviction hint field 252B from the specific vector 
friendly instruction format 300. Specifically, the eviction hint 
options are non-temporal (1) and temporal (0). This marks the 
end of this branch of the flow diagram. 
0212. In block 430, the contents of the register index field 
244, the scale field 260, and the displacement field 262A or 
the displacement factor field 262B are used as indicated in 
FIG. 6B. This marks the end of this branch of the flow dia 
gram. 
0213. In block 440A, the content of the base operation 
field 242 is used to distinguish which one of a group of 
different memory access operations is to be performed. The 
following table illustrates the group of Supported memory 
access operations according to one embodiment of the inven 
tion, as well as the control flow from block 440A for each. 
Alternative embodiments of the invention may support more, 
less, or different memory access operations. 

Memory Access Operation Type Block 

Load/Operation Integer (loadiop int) 442 
Load/Operation Floating Point (loadiop fp) 448 
Load Integer (load int) 454 
Load Floating Point (load fp) 460 
Store Integer (store int) 468 
Store Floating Point (store fp) 474 
Load Graphics (load gr) 480 
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Memory Access Operation Type Block 

Load Packed Graphics (load p.gr) 482 
Store Graphics (store gr) 484 

0214. As previously described, blocks 442, 448, 454, 460, 
468, and 474 determine the change in control flow based on 
the data element width; the control flow is illustrated in the 
below table. 

Block 64 bit 32 bit 

442 444A as 446A as 
illustrate illustrate 
in FIG. 12A in FIG. 12B 

448 450A as 452A as 
IIS80 IIS80 

in FIG. 12C in FIG. 12D 
454 456 as 458 as 

IIS80 IIS80 

in FIG. 13A in FIG. 13B 
460 462 as 464 as 

illustrate illustrate 
in FIG. 13C in FIG.13D 

468 470 as 472 as 
IIS80 IIS80 

in FIG. 14A in FIG. 14B 
474 476 as 478 as 

IIS80 IIS80 

in FIG. 14C in FIG. 14D 

Similarly, the decision of blocks 480, 482, and 484 are respec 
tively illustrated in FIGS. 15A, 15B, and 15C. A rounded 
corner box labeled beta (data manipulation) field 254C 
encompasses blocks 444A, 446A, 450A, 452A, 456, 458, 
462, 464, 470, 472, 476, 478, 480, 482, and 484; thereby 
illustrating that the content of the data manipulation field 
254C distinguishes which one of the group of possible data 
manipulation operations is to be performed. 
0215. In block 490, the content of the write mask (k) field 
270 and the content of the data element width (w) field 264 are 
used to determine the write mask to be used in the operation. 
FIG. 4 illustrates the embodiment in which there are eight 
right mask registers and the register 000 indicates that no 
write mask should be used. Where the write mask field's 270 
content indicates other than 000, control passes to FIG.16A 
D 

0216. In block 404B, it is determined whether the content 
of the modifier field indicates a no memory access operation 
or a memory access operation. In the case of a no memory 
access operation (e.g., MOD field 342=11), control passes to 
blocks 406 (on FIG.4A through the circled E) and 495. In the 
case of a memory access operation (e.g., MOD field 342=00, 
01, or 10), control passes to each of block 498, block 430 (on 
FIG.4A through the circled D), and block 440B (on FIG. 4D 
through the circled C). 
0217. A rounded corner box labeled part of beta field 254 
encompasses block 495, block 412B, and block 498 because 
they represent the different interpretations of part of the beta 
field 254. Specifically, block 495 represents part of the beta 
field's 254 interpretation as the RL field 257A, while a 
rounded corner box labeled broadcast field 257B on FIG. 4D 
represents this part of the beta field 254 interpretation as the 
broadcast field 257B. 
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0218 Inblock 495, it is determined whether the RL fields 
257A content indicates a round type operation (e.g., RL field 
257A=1) or a vector length type operation (e.g., RL field 
257A-0). In the former, control passes to each of block 412B 
and block 415A. In the latter case, control passes to each of 
block 498 and block 415B. 
0219 Block 412B illustrates a decision based on the round 
operation field's 259B content (distinguishing one of the 
group of possible rounding operations). The decision made in 
block 412B is illustrated in FIG. 7B. 
0220 Blocks 415A-Hall illustrate a decision regarding 
the width of data element on which to operate. As illustrated, 
the supported data elements for class B (when U=1) are 64bit, 
32 bit, 16 bit, and 8 bit. Exemplary manners of performing 
these blocks are describe later herein with reference to FIG. 
4E. Blocks 415A-B respectively mark the end of these 
branches of the flow diagram. With regard to FIG. 415A, the 
lines to the 16 bit and 8 bit data element widths are shown as 
dashed because in one embodiment of the invention these are 
not supported; rather, if there is a no memory access type 
operation for class B that is operating on 16 bit or 8 bit data 
elements, then the content of RL field 257A is expected to be 
0, and thus cause control to flow from block 495 to blocks 
415B and 498 (in other words, the partial rounding is not 
available). 
0221. In block 498, the content of the vector length (LL) 
field 268 is used to determine the size of the vector to be 
operated on. FIG. 4 illustrates the embodiment in which the 
following are supported: 1) 128 bit (00); 2) 256 bit (O1): 512 
bit (10); while (11) is reserved. The reserved 11 may be used 
for different purposes for different types of instructions or for 
different embodiments of the invention. For example, 11 
could be used for the following exemplary purposes: 1) to 
designate a vector length of 1024 bits; or 2) to designate that 
a dynamic vector length register should be used. Different 
embodiments may implement the dynamic vector length reg 
ister(s) differently, including a special register used to encode 
vector length that is readable and writable by programs. A 
dynamic vector length register stores a value to be used for the 
vector length of the instruction. While different embodiments 
may support a number of different vector lengths through a 
dynamic vector length register, one embodiment of the inven 
tion supports a multiple of 128-bit (e.g., 128, 256, 512, 1024, 
2048 . . . ). Where there is a set of one or more registers that 
function as dynamic vector length registers, different 
embodiments of the invention may select from those registers 
using different techniques (e.g., based on the type of instruc 
tion). 
0222. In block 440B, the content of the base operation 
field 242 is used to distinguish which one of a group of 
different memory access operations is to be performed. The 
following table illustrates the group of Supported memory 
access operations according to one embodiment of the inven 
tion, as well as the control flow from block 440B for each. 
Alternative embodiments of the invention may support more, 
less, or different memory access operations. 

Memory Access Operation Type Block 

Load/Operation Integer (loadiop int) 41SC 
Load/Operation Floating Point (loadiop fp) 41SD 
Load Integer (load int) 41SE 
Load Floating Point (load fp) 41SF 
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Memory Access Operation Type Block 

Store Integer (store int) 41SG 
Store Floating Point (store fp) 41SH 

0223) As previously described, blocks 415C-H determine 
the change in control flow based on the data element width: 
the control flow is illustrated in the below table. 

Block 64 bit 32 bit 6 bit 8 bit 

41SC 444B as 446Bas branch of the branch of the 
illustrated illustrated flow ends flow ends 
in FIG. 12A in FIG.12B 

41SD 45OB as 452B as branch of the branch of the 
illustrated illustrated flow ends flow ends 
in FIG. 12C in FIG. 12D 

41SE branch of the branch of the branch of the branch of the 
flow ends flow ends flow ends flow ends 

41SF branch of the branch of the branch of the branch of the 
flow ends flow ends flow ends flow ends 

41SG branch of the branch of the branch of the branch of the 
flow ends flow ends flow ends flow ends 

41SH branch of the branch of the branch of the branch of the 
flow ends flow ends flow ends flow ends 

The rounded corner box labeled broadcast field 257B encom 
passes blocks 444B, 446B, 450B, and 452B: thereby illus 
trating that the content of the broadcast field 257B distin 
guishes whether a broadcast operation is to be performed. As 
illustrated, one embodiment of the invention allows the con 
tent of the broadcast (b) field 257B select whether a broadcast 
operation is performed or not for the data element widths of 
64 bit and 32 bit, that is not an option for the 16 bit and 8 bit 
data element widths; rather, if there is a memory access type 
operation for class B that is operating on 16 bit or 8 bit data 
elements, then the content of the broadcast (B) field 257B is 
expected to be 0. 
0224. In block 493, the content of the alpha field 252 
(write make control (Z) field 252C), the content of the write 
mask (k) field 270, and a determination of the data element 
width are used to determine the write make operation to be 
performed (merging or Zeroing) and the write mask to be used 
in the operation. In some embodiments of the invention, the 
alpha field 252 (write mask control (Z field 252C) is expected 
to be Zero (for Zero-masking) on memory access operations 
that perform stores. The determination of the data element 
width is done in the same manner as block 415. FIG. 4 
illustrates the embodiment in which there are eight right mask 
registers and the register 000 indicates that no write mask 
should be used. Where the write mask field's 270 content 
indicates other than 000, control passes to FIG. 16D-E. 
0225 FIG. 4E is an exploded view of each of blocks 
415A-H according to one embodiment of the invention. Spe 
cifically, a single flow 415 is illustrated which represent the 
flow for each of blocks 415A-H. In block 417A, some orall of 
the content of the real opcode field 330 is used to select 
between two sets of data element widths: a first set 417A.1 
(e.g., including 64bit and 32bit) and second set 417A.2 (e.g., 
16 bit and 8 bit). While data element width is determine for 
the first set 417A.1 based on the data element width (w) field 
264 as illustrated in block 417B; within the second set 471A. 
2, there are two manners of determining the data element 
width: 417A.2.1 (based just on the real opcode field 330) and 
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417A.2.2 (based on the data element width (w) field 264 as 
illustrated in block 417C). As illustrated in FIG. 4, the data 
element width field 264 is a 1 bit field in the specific vector 
friendly instruction format 300 of FIG. 3A. As such, these 
block 417B decides whether the data element width is 64bits 
(e.g., 1) or 32 bits (e.g., 0); while block 417C decides whether 
the data element width is 16 bits (e.g. 1) or 8 bits (e.g., 0). 
While FIG. 4E illustrates the involvement of the real opcode 
field 417A in determining the data element width, alternative 
embodiments may be implemented to use just the w field 
(e.g., have a one bit w field and Support only two data element 
sizes; have a two bit w field and support the four data element 
sizes). 
0226. While embodiments of the invention have been 
described with reference to FIG. 4, alternative embodiments 
may use different flows. For example, as illustrated with the 
blocks 480, 482, and 484, operations that support only one 
data element width need not have the data element width 
decision (e.g., block 442A) and do not require two beta field 
decisions (e.g., blocks 444A and 446A); an alternative 
embodiment may only support one data element width for all 
Such operations, Support both data element widths on all types 
of operations (which would require data element width and 
extra beta field decisions on the load graphics, load packed 
graphics, and store graphics operations), or not support dif 
ferent data element widths on some of the other operations 
(e.g., not support different data element width for the load/op 
operations). In a similar context, alternative embodiment may 
not support different data element widths on one or more of 
the no-memory access round type operation and the 
no-memory access data transform type operation (in the 
former, blocks 414 and 415A would not be present; in the 
latter, block 415B would not be present, while block 416 
would not be present and blocks 418 and 420 would be 
merged). As another example, different embodiments of the 
invention: may not include the class (U) field 268 and support 
only one of the class A or B instruction templates; may 
include the SAE field 256 and not the round operation field 
258; may not include the round operation field 259A; may not 
include the eviction hit field 252B: may not include the round 
type operation in either or both of class A and B instruction 
templates; may not include the data transform type operation; 
may not include the vector length field 259B in either or both 
of the no memory access 205 and memory access 220; sup 
port only one or the other of the load/op and load operations; 
may not include the mask write field 270; may not include the 
write mask control (Z) field 252C; and/or may not include the 
vector length field 268. 
0227 
0228 FIG. 5 is a block diagram of a register architecture 
500 according to one embodiment of the invention. The reg 
ister files and registers of the register architecture are listed 
below: 

0229. Vector register file 510 in the embodiment illus 
trated, there are 32 vector registers that are 512 bits wide; 
these registers are referenced as Zmm0 through Zmm31. The 
lower order 256 bits of the lower 16 Zmm registers are over 
laid on registers ymm0-16. The lower order 128 bits of the 
lower 16 Zimm registers (the lower order 128 bits of they mm 
registers) are overlaid on registers Xmm0-15. The specific 
vector friendly instruction format300 operates on these over 
laid register file as illustrated in the below tables. 

Exemplary Register Architecture FIG. 5 
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Adjustable 
Vector Length Class Operations Registers 

Instruction A (FIG. 2A; 210, 215, Zimm registers 
Templates that U = 0) 225, 230 (the vector 
do not include ength is 64 byte) 
the vector B (FIG. 2B: 212 Zimm registers 
length U= 1) (the vector 
field 259B ength is 64 byte) 
Instruction B (FIG. 2B: 217, 227 Zimm, ymm, or 
Templates that U= 1) Xmm registers 
do include the (the vector 
vector length ength is 64 byte, 
field 259B 32 byte, or 16 

byte) depending 
on the vector 
ength field 259B 

0230. In other words, the vector length field 259B selects 
between a maximum length and one or more other shorter 
lengths, where each Such shorter length is half the length of 
the preceding length; and instructions templates without the 
vector length field 259B operate on the maximum vector 
length. Further, in one embodiment, the class B instruction 
templates of the specific vector friendly instruction format 
300 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. 
0231 Write mask registers 515 in the embodiment illus 
trated, there are 8 write mask registers (k0 through k7), each 
64 bits in size. As previously described, in one embodiment of 
the invention the vector mask register k0 cannot be used as a 
write mask; when the encoding that would normally indicate 
k0 is used for a write mask, it selects a hardwired write mask 
of 0xFFFF, effectively disabling write masking for that 
instruction. 
0232 Multimedia Extensions Control Status Register 
(MXCSR) 520 in the embodiment illustrated, this 32-bit 
register provides status and control bits used in floating-point 
operations. 
0233 General-purpose registers 525 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. 
0234 Extended flags (EFLAGS) register 530 in the 
embodiment illustrated, this 32 bit register is used to record 
the results of many instructions. 
0235 Floating Point Control Word (FCW) register 535 
and Floating Point Status Word (FSW) register 540 in the 
embodiment illustrated, these registers are used by x87 
instruction set extensions to set rounding modes, exception 
masks and flags in the case of the FCW, and to keep track of 
exceptions in the case of the FSW. 
0236 Scalar floating point stack register file (x87 stack) 
545 on which is aliased the MMX packed integer flat register 
file 550 in the embodiment illustrated, the x87 stack is an 
eight-element Stack used to perform Scalar floating-point 
operations on 32/64/80-bit floating point data using the x87 
instruction set extension; while the MMX registers are used to 
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perform operations on 64-bit packed integer data, as well as to 
hold operands for some operations performed between the 
MMX and XMM registers. 
0237 Segment registers 555 in the illustrated embodi 
ment, there are six 16 bit registers use to store data used for 
segmented address generation. 
0238. RIP register 565 in the illustrated embodiment, 
this 64bit register that stores the instruction pointer. 
0239. Alternative embodiments of the invention may use 
wider or narrower registers. Additionally, alternative embodi 
ments of the invention may use more, less, or different regis 
ter files and registers. 
0240 Register Index Field, Scale Field, Displacement 
Field, and Displacement Factor Field Flows FIGS. 6A-6C 
0241 Modifier Field-No-Memory Access FIG. 6A 
0242 FIG. 6A is a flow diagram for the register index field 
244 for a no memory access type operation according to 
embodiments of the invention. FIG. 6A begins with an oval 
600 which indicates that register to register addressing is 
being performed according to mod field 342 (=11). From 
block 600, a control passes to block 605. 
0243 In block 605, bits are selected from the register 
index field 244 to address registers. With regard to the specific 
vector friendly instruction format 300, the existing x86 
instructions set with extensions allows for a wide variety of 
different register addressing options based upon the REX 
field 305, the regfield 344, ther/m field 346, the VVVV field 
320, the XXX field 354, and the bbb field 356. The REX' field 
310 extends these options. From block 605, control passes to 
block 610. 

0244. In block 610, register A is selected (e.g., Zmm20) 
and control passes to block 615. In block 615, register B is 
selected (e.g., Zmm3) and control optionally passes to block 
620. In block 620, register C is selected (e.g., Zmm7). Regis 
ter. A may be a source operand register, register B may be a 
Source operand register, a destination operand register, or a 
Source? destination operand register; and register C may be a 
Source operand register, a destination operand register, or a 
Source? destination operand. 
0245 Modifier Field-Memory Access FIG. 6B 
0246 FIG. 6B is a flow diagram illustrating the use of the 
register index field 244, the scale field 260, the displacement 
field 262A, and the displacement factor field 262B for a 
memory access type operation according to embodiments of 
the invention. FIG. 6B begins with an oval 630 indicating 
register-memory addressing (mod field 342=00, 01, or 10). 
From 630, control passes to block 635. 
0247. In block 635, bits are selected from the register 
index field to address registers and control passes to block 
640. 

0248. In block 640, register A is selected (e.g., Zmm20) 
and control optionally passes to block 645. In block 645, 
register B is selected (e.g., Zmm31) and control passes to 
block 650. In the case where block 645 is not used, control 
passes directly from block 640 to block 650. 
0249. In block 650, the contents of the REX field 305, the 
REX' field 310, the mod r/m field 340, the SIB byte 350, and 
the displacement field 262A or the displacement factor field 
262B are used to address memory; specifically, the index and 
the base are pulled from the REX field 305 and the SIB byte 
350, while the content of the scale field 260 (ss field 352) is 
pulled from the SIB byte 350. From block 650, control passes 
to block 660. 

Nov. 14, 2013 

0250 In block 660, the memory access mode is deter 
mined (e.g., based on the content of the modfield 342). Where 
the memory access mode is the no displacement mode (mod 
field 342=00), control passes to block 665 where the address 
is generated as follows: 2 index+base. 
0251 Where the memory access mode is the un-scaled 
displacement mode (mod field 342=10), control passes to 
block 670 in which the address is generated as follows: 
2* index+base=disp32. In the case where the memory access 
mode is the scaled displacement mode (mod field 342–01), 
control passes to block 675 in which the address is generated 
as follows: 2* index+base--scaled displacement; where the 
scaled displacement (disp8*n) the content of the displace 
ment factor field 262B multiplied by the memory access size 
(N), where N is dependent upon the contents of the full 
opcode field 274 (e.g., the base operation field and/or the data 
element width field) and the augmentation operation field 250 
(e.g., the class field 268 and the data manipulation field 254C, 
the vector lengthfield 259B, and/or the broadcast field 257B). 
(0252 Scaled Displacement FIG. 6C 
0253 FIG.6C is a table illustrates the differences between 
disp8, disp32, and variations of the scaled displacement 
according to embodiments of the invention. The columns of 
the table are: 1) “byte’ which indicates addresses incre 
mented by bytes; 2) “disp8 field' which is a 1 byte field used 
to store from -128 to 127; 3) “disp32 field” which is a 4 byte 
field used to store from -2' to 2-1; 4) “disp32*N field” 
which is a 1 byte field used to store from -128 to 127, which 
column has sub-columns with "N=1...” “N=2, and "N=64.” 
0254 The values in the rows in the “byte' column increase 
down the column. The second column, the third column, and 
each of the sub-columns include a blackened circle in the 
rows for address that can be generated by that field. It is worth 
nothing that the disp8 field, the disp32 field, and where N=1 
have a blackened dot for every byte with their range signify 
ing that these field increment on a byte granularity. In con 
trast, the N=2 column increments by two bytes and accord 
ingly only has a blackened dot for every other byte within its 
range; as such, it has a wider range but a courser granularity 
as compared to the disp8 field, while at the same time it 
requires one fourth the bytes of the disp32 field. The N=64 
column increments by 64 bytes and accordingly only has a 
blackened dot for every 64th byte within its range; as such, it 
has a wider range but a courser granularity as compared to the 
disp8 field and N=2, while at the same time it again requires 
one fourth the bytes of the disp32 field. 
(0255 Rounding Field Tables FIG. 7A-B 
0256 FIG. 7A is a table illustrating the group of possible 
operations that may be specified by the round control field 
254A according to embodiments of the invention. FIG. 7A 
shows a first column contains the possible content of the beta 
field 254 (which is acting as the round control field 254A and 
which is broken down into the SAE field 256 and the round 
operation field 258). 
(0257 Similarly, FIG. 7B is a table illustrating the group of 
possible operations that may be specified by the round control 
field 259A according to embodiments of the invention. In the 
case of class B instruction templates, there is no SAE field 
256 and floating point exception Suppression is always active. 
0258. Note that in one embodiment in which some instruc 
tions already allow the specification of the rounding mode 
statically via immediate bits, the immediate bits takes prece 
dence over the rounding mode operation field 258 and 259A. 
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0259 Data Types 
0260 The following table lists some exemplary data types 
used herein (some of which are described in Microsoft's(R) 
DirectX(R) 10 (see Microsoft(R), DirectX(R), Data Conversion 
Rules (Aug. 17, 2010)): 

FLOAT10 10-bit floating-point number (unsigned) 
FLOAT11 11-bit floating-point number (unsigned) 
FLOAT16 16-bit floating-point number 
FLOAT16RZ. a float16 with the rounding mode being round toward 

Zero (RZ) 
FLOAT32 32-bit floating-point number 
FLOAT64 64-bit floating-point number 
UINT8 8-bit value that maps to an integer number in the 

range 0, 255 
UINT16 16-bit value that maps to an integer number in the 

range 0, 65535 
UINT32 32-bit value that maps to an integer number in the 

range [0, 2 - 1) 
UINT64 64-bit value that maps to an integer number 
SINT8 8-bit value that maps to an integer number in the 

range -128, 127 
SINT16 16-bit value that maps to an integer number in the 

range (-32768, 32767) 
SINT32 32-bit value that maps to an integer number in the 

range -2', 2'' - 1) 
SINT64 64-bit value that maps to an integer number 
UNORM2 2-bit value that maps to a floating-point number in 

the range 0, 1 
UNORM8 8-bit value that maps to a floating-point number in 

the range 0, 1 
UNORM10 10-bit value that maps to a floating-point number in 

the range 0, 1 
UNORM16 16-bit value that maps to a floating-point number in 

the range 0, 1 
SNORM8 8-bit value that maps to a floating-point number in 

the range -1, 1 
SNORM16 16-bit value that maps to a floating-point number in 

the range -1, 1 
SRGB8 8-bit value that maps through a gamma correction 

function (generally implemented as a lookup table) 
to a floating-point number in the range 0, 1 

0261 UNORM indicates an unsigned normalized integer, 
meaning that for an n-bit number, all O’s means 0.0f, and all 
1’s means 1.0f. A sequence of evenly spaced floating point 
values from 0.0f to 1.0fare represented, e.g. a 2-bit UNORM 
represents 0.0f, /3, 2/3, and 1.0f. 
0262 SNORM indicates a signed normalized integer, 
meaning that for an n-bit 2's complement number, the maxi 
mum value means 1.0f (e.g. the 5-bit value 01 111 maps to 
1.0f), and the minimum value means -1.0f (e.g. the 5-bit 
value 10000 maps to -1.0f). In addition, the second-mini 
mum number maps to -1.0f (e.g. the 5-bit value 10001 maps 
to -1.0f). There are thus two integer representations for -1.0f. 
There is a single representation for 0.0f, and a single repre 
sentation for 1.0f. This results in a set of integer representa 
tions for evenly spaced floating point values in the range 
(-1.0f... 0.0f), and also a complementary set of representa 
tions for numbers in the range (0.0f... 1.0f). 
0263. As previously described, SIMD technology is espe 
cially Suited to processors that can logically divide the bits in 
a register into a number of fixed/sized data elements, each of 
which represents a separate value. This type of data is referred 
to as the packed data type or vector data type, and operands of 
this data type are referred to as packed data operands or vector 
operands. Typically the data elements of a vector operand are 
of the same data type; the data type of a given data element is 
referred to as the data element data type. Where the data 
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element data type of all of the data elements is the same, then 
the vector operand may be referred to as being of that data 
type (e.g., where all of the data elements of a vector operand 
are of the 32-bit floating-point data element data type, then 
the vector operand may be referred to as a 32-bit floating 
point vector operand). 
0264. Embodiments of the invention are described which 
Support single value data element data types and multiple 
value data element data types. The single value data element 
data types store in each data element a single value; examples 
of single value data element data types used in some embodi 
ments of the invention are 32-bit floating-point, 64-bit float 
ing-point, 32-bit unsigned integer, 64-bit unsigned integer, 
32-bit signed integer, and 64-bit signed integer. The multiple 
value data element data types store in each data element 
position a packet with multiple values contained therein; 
examples of multiple value data element data types used in 
Some embodiments of the invention are the packed graphics 
data element data types described below: 
0265 UNORM10A10B10C2D: A 32-bit packet of three 
UNORM10 values and one UNORM2 value, begin with the 
last 2b (10b) field located in the most-significant bits of the 
32b field (e.g., unorm2D 31-30 float 10C (29-20 float 10B 
20-10 float 10A 9-0, where D-A signify slot position and 
the preceding names/numbers signify the format). 
0266 FLOAT11A11B10C: A 32-bit packet of two 
FLOAT11 values and one FLOAT10 value, begin the last one 
located in the higher order bits (e.g., float 10C 31-22 float 
11B 21-11 float 11A 10-0). 
0267. It should be noted that while one the different values 
in a packet of the multiple value data element data types above 
is represented by different numbers of bits, alternative 
embodiments may have different configurations (e.g., more 
of the values represented by the different number of bits, all of 
the values represented by the same number of bits). 
0268 While embodiments are described that support both 
a single value data element data type and a multiple value data 
element data type, alternative embodiments may support one 
or the other. In addition, while embodiments of the invention 
are described that utilize certain data types, alternative 
embodiments of the invention may utilize more, less, or dif 
ferent data types. 
0269. Data Transform Field Tables FIGS. 8A and 8B 
(0270 FIGS. 8A-8B are tables illustrating the groups of 
possible data transform operations that may be specified by 
the data transform field according to embodiments of the 
invention. The first column in both tables illustrates the pos 
sible values of the content of the data transform field 254B, 
the second column the function, and the third column the 
uSage. 

0271 Data Element Size Field=64 Bit FIG. 8A 
0272 FIG. 8A is a table illustrating the group of possible 
data transform operations that may be specified by the data 
transform field when the data element width is 64bits accord 
ing to embodiments of the invention. This table is referred to 
as the 64-bit Register Swizzl JpConv Swizzle primitives and it 
is representation of the block 418. Notation: dcba denotes the 
64-bit elements that form one 256-bit block in the source 
(with a least-significant and 'd most-significant), so aaaa 
means that the least-significant element of the 256-bit block 
in the source is replicated to all four elements of the same 
256-bit block in the destination; the depicted pattern is then 
repeated for the two 256-bit blocks in the source and desti 
nation. The notation hgfe dcba is used to denote a full source 
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register, wherea is the least-significant element and his the 
most-significant element. However, since each 256-bit block 
performs the same permutation for register Swizzles, only the 
least-significant block is illustrated. 
0273 Data Element Size Field=32 Bit FIG. 8B 
0274 FIG. 8B is a table illustrating the group of possible 
data transform operations that may be specified by the data 
transform field when the data element width is 32bits accord 
ing to embodiments of the invention. This table is referred to 
as the 32-bit Register Swizzl JpConv Swizzle primitives and it 
is representation of the block 420. Notation: dcba denotes the 
32-bit elements that form one 128-bit block in the source 
(with a least-significant and 'd most-significant), so aaaa 
means that the least-significant element of the 128-bit block 
in the source is replicated to all four elements of the same 
128-bit block in the destination; the depicted pattern is then 
repeated for all four 128-bit blocks in the source and destina 
tion. The phrase ponim Iki hgfe dcba is used to denote a 
Source register, where 'a' is the least-significant element and 
p' is the most-significant element. However, since each 128 

bit block performs the same permutation for register Swizzles, 
only the least-significant block is shown. 
0275 FIG. 8B calls out two exemplary operations to fur 
ther illustrate the meaning of all of the operations shown in 
FIGS. 8A-8B: the cross-product swizzle 815 which is illus 
trated in FIG. 9 and the broadcast an element across 4-ele 
ment packets 820 illustrated in FIG. 10A. 
(0276 Exemplary Swizzle Operation FIG.9 
0277 FIG. 9 is a block diagram illustrating the cross prod 
uct Swizzle 815 according to embodiments of the invention. 
FIG.9 shows a source operand 900 and a destination operand 
910 that are both 512 bits wide and broken into consecutive 
128 blocks (referred to as packet positions 3-0), where each 
block is broken into four 32 bit data elements (e.g., the con 
tents of packet position 0 in the source operand 900 are DOCO 
B0A0, while the contents of packet position 0 in the destina 
tion operand 910 are D0 A0 CO B0. 
(0278 Exemplary Broadcast Operations FIGS. 10A 
1OC 

0279 FIG. 10A is a block diagram illustrating the broad 
cast of an element across 4-element packets 820 according to 
embodiments of the invention. FIG. 10A shows a source 
operand 1000 and a destination operand 1010 that are both 
512 bits wide and broken into consecutive 128 blocks (re 
ferred to as packet positions 3-0), where each block is broken 
into four 32 bit data elements (e.g., the contents of packet 
position 0 in the source operand 1000 are D0C0 B0A0, while 
the contents of packet position 0 in the destination operand 
910 are A0A0A0A0; the contents of packet position 1 in the 
source operand 1000 are D1 C 1 B1 A1, while the contents of 
packet position 1 in the destination operand 1010 are A1 A1 
A1 A1). 
0280 While FIG. 10A is an example broadcast for a no 
memory access operation, FIGS. 10B-10C are example 
broadcasts for memory access operations. When the Source 
memory operand contains fewer than the total number of 
elements, it can be broadcast (repeated) to form the full num 
ber of elements of the effective source operand (16 for 32-bit 
instructions, 8 for 64-bit instructions). These types of broad 
cast operations are referred to in FIGS. 12A-12D. There are 
two broadcast granularities: 
0281 1-element granularity where the 1 element of the 
Source memory operand is broadcast 16 times to form a full 
16-element effective source operand (for 32-bit instructions), 
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or 8 times to form a full 8-element effective source operand 
(for 64-bit instructions). FIG. 10B is a block diagram illus 
trating the broadcast of 1-element granularity for a 32 bit data 
element width according to embodiments of the invention. An 
example of the operation is labeled 1210 in FIG. 12B. FIG. 
10B shows a source operand 1020 sourced from memory 
having one 32bit data element (A0) and a destination operand 
1030 that is 512 bits wide and contains sixteen 32 bit data 
elements (all of the data elements are A0 in the destination 
operand 1030). 1-element broadcasts useful for instructions 
that mix vector and scalar sources, where one of the Sources is 
common across the different operations. 
0282) 4-element granularity where the 4 elements of the 
Source memory operand is broadcast 4 times to form a full 
16-element effective source operand (for 32-bit instructions), 
or 2 times to form a full 8-element effective source operand 
(for 64-bit instructions). FIG. 10C is a block diagram illus 
trating the broadcast 4-element granularity for 32 bit data 
elements according to embodiments of the invention. An 
example of the operation is labeled 1220 in FIG. 12B. 
(0283 FIG. 10C shows a source operand 1040 sourced 
from memory having four 32bit data elements (D0COBOAO) 
and a destination operand 1050 that is 512 bits wide and 
broken into consecutive 128 blocks (referred to as packet 
positions 3-0), where each block is broken into four 32 bit 
data elements (e.g., the contents in each of the packet posi 
tions 3-0 of the destination operand 1050 are D0C0 B0A0). 
4 to 16 broadcasts are very useful for AOS (array of struc 
tures) source code, where the computation is performed over 
an array of packed values (like color components RGBA); in 
this case, 4 to 16 is advantageous when there is a common 
packet used across the different operations of a vector instruc 
tion (a 16-element vector is considered an array of 4 packets 
of 4 elements each). 
(0284. Base Operation Field Tables FIGS. 11A and 11B 
(0285) Opcode Map Field FIG. 11A 
0286 FIG. 11A is a table illustrating the group of possible 
opcode maps that may be specified by the opcode map field 
according to embodiments of the invention. The first column 
illustrates the possible values of the content of the opcode 
map field 315; the second column the implied leading opcode 
bytes, and the third column whether an immediate may be 
present. 
(0287 Prefix Encoding Field FIG. 11B 
0288 FIG. 11B is a table illustrating the group of possible 
prefix encodings that may be specified by the opcode map 
field according to embodiments of the invention. The first 
column illustrates the possible values of the content of the 
prefix encoding field 325; and the second column the mean 
ing of that prefix. 
(0289 Data Manipulation Field Tables FIGS. 12-15 
0290 FIGS. 12-15 are tables illustrating the groups of 
possible data manipulation operations and broadcast opera 
tion that may be respectively specified by the data manipula 
tion field 254C and, for FIGS. 12A-D the broadcast field 
257B, according to embodiments of the invention. The first 
column in the tables illustrates the possible values of the 
content of the data manipulation field 254C; the second col 
umn the function, and the third column the usage. 
0291 Data Manipulation Field Tables for Load/OP 
FIGS 12A-12D 

0292 FIGS. 12A-12D are tables illustrating the groups of 
possible data manipulation operations and broadcast opera 
tion that may be respectively specified by the data manipula 
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tion field 254C and the broadcast field 257B for the load/op 
instructions according to embodiments of the invention. In 
the case of the exemplary specific vector friendly instruction 
format in FIGS. 3A-D, the data manipulation field 254C is a 
three bit field and the broadcast field 257B is a one bit field. In 
the illustrated embodiments, the broadcast field's 257B con 
tent selects between the first two rows in the tables found in 
FIGS. 12A-D; in other words, its contents selects between the 
equivalent of 000 and 001 in the data manipulation field 
254C. This is illustrated in FIG. 12A-D using bracket that 
includes only the first two rows of the tables. 
0293 Load/OP Integer and Data Element Size Field=64 
Bit FIG. 12A 
0294 FIG. 12A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/opint where the data element width is 64bits according 
to embodiments of the invention. This table is referred to as 
the 64-bit Integer Load-op SwizzUpConv., (Quadword) 
Swizzle/convert primitives and it is a representation of the 
block 444A and block 444B. 

0295 Load/OP Integer and Data Element Size Field=32 
Bit FIG. 12B 
0296 FIG.12B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/opint where the data element width is 32 bits according 
to embodiments of the invention. This table is referred to as 
the 32-bit Integer Load-op SwizzupConv, Swizzle/convert 
primitives and it is a representation of the block 446A and 
block 446B. 

0297 Load/OP Floating Point and Data Element Size 
Field=64 Bit FIG. 12C 
0298 FIG. 12C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/op fp where the data element width is 64 bits according 
to embodiments of the invention. This table is referred to as 
the 64-bit Floating-point Load-op SwizzupConve. Swizzle/ 
convert primitives and it is a representation of the block 450A 
and block 450B. 

0299 Load/OP Floating Point and Data Element Size 
Field=32 Bit FIG. 12D 
0300 FIG. 12D is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C and broadcast field 257B for a 
load/op fp where the data element width is 32 bits according 
to embodiments of the invention. This table is referred to as 
the 32-bit Floating-point Load-op SwizzupConve. Swizzle/ 
convert primitives and it is a representation of the block 452A 
and block 452B. 

0301 Data Manipulation Field Tables for Load FIGS. 
13 A-13D 

0302 FIGS. 13 A-13D are tables illustrating the groups of 
possible data manipulation operations that may be specified 
by the data manipulation field for the load instructions 
according to embodiments of the invention. 
0303 Load Integer and Data Element Size Field=64 Bit 
FIG. 13A 

0304 FIG. 13A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load int where the data 
element width is 64 bits according to embodiments of the 
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invention. This table is referred to as the UpConva and it is 
a representation of the block 456. 
(0305 Load Integer and Data Element Size Field=32 Bit 
FIG. 13B 

0306 FIG. 13B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load int where the data 
element width is 32 bits according to embodiments of the 
invention. This table is referred to as the UpConv, and it is 
a representation of the block 458. 
(0307 Load Floating Point and Data Element Size 
Field=64 Bit FIG. 13C 

0308 FIG. 13C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load fp where the data 
element width is 64 bits according to embodiments of the 
invention. This table is referred to as the UpConve and it is 
a representation of the block 462. 
(0309 Load Floating Point and Data Element Size 
Field=32 Bit FIG. 13D 

0310 FIG.13D is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load fp where the data 
element width is 32 bits according to embodiments of the 
invention. This table is referred to as the UpConve, and it is 
a representation of the block 464. 
0311. Additional Point 
0312 The groups of possible data manipulation opera 
tions specified in each of FIGS. 13 A-13D (the load/op tables) 
are a subset of those in the corresponding FIGS. 12A-12D 
(the load tables). Specifically, the subsets do not include 
broadcast operations. This is done because certain values in 
the full opcode field 274 (e.g., those that specify gather or 
broadcast operations) cannot be used in combination with 
broadcasts specified in the data manipulation field 254C, and 
thus such values in the full opcode field 274 can be used only 
with the loads of FIGS. 12A-12D (the load tables). By way of 
more specific example, if there is a value in the full opcode 
field 274 that specifies a broadcast operation, the data 
manipulation field 254C cannot also indicate a broadcast 
operation. While certain embodiments of the invention 
include the separate load/op and load operations with sepa 
rate load/op and load tables, alternative embodiments need 
not have this enforcement mechanism (e.g., they may support 
only load/op, they may support only load, they may determine 
that abroadcast in the full opcode field 274 causes abroadcast 
in the data manipulation field 254C to be ignore). 
0313 Data Manipulation Field Tables for Store FIGS. 
14A-14D 

0314 FIGS. 14A-14D are tables illustrating the groups of 
possible data manipulation operations that may be specified 
by the data manipulation field for the store instructions 
according to embodiments of the invention. 
0315 Store Integer and Data Element Size Field=64 Bit 
FIG. 14A 

0316 FIG. 14A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store int where the data 
element width is 64 bits according to embodiments of the 
invention. This table is referred to as the DownConva and it 
is a representation of the block 470. 
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0317 Store Integer and Data Element Size Field=32 Bit 
FIG. 14B 
0318 FIG. 14B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store int where the data 
element width is 32 bits according to embodiments of the 
invention. This table is referred to as the DownConv., and it 
is a representation of the block 472. 
0319 Store Floating Point and Data Element Size 
Field=64 Bit FIG. 14C 
0320 FIG. 14C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store fp where the data 
element width is 64 bits according to embodiments of the 
invention. This table is referred to as the DownConva and it 
is a representation of the block 476. 
0321 Store Floating Point and Data Element Size 
Field=32 Bit FIG. 14D 
0322 FIG. 14D is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store fp where the data 
element width is 64 bits according to embodiments of the 
invention. This table is referred to as the DownConve, and it 
is a representation of the block 478. 
0323 Data Manipulation Field Tables for the Graphics 
Data Type FIGS. 15A-15C 
0324 FIGS. 15A-15C are tables illustrating the groups of 
possible data manipulation operations that may be specified 
by the data manipulation field for the instructions that operate 
on the graphics data types according to embodiments of the 
invention. 
0325 Load Graphics FIG. 15A 
0326 FIG. 15A is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load graphics where the 
data element width is 32bits according to embodiments of the 
invention. This table is referred to as the UpConvsa and it is 
a representation of the block 480. 
0327 Load Packed Graphics FIG. 15B 
0328 FIG. 15B is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a load packed graphics 
where the data element width is 32 bits according to embodi 
ments of the invention. This table is referred to as the UpCon 
vs. and it is a representation of the block 482. 
0329 Store Graphics FIG. 15C 
0330 FIG. 15C is a table illustrating the group of possible 
data manipulation operations that may be specified by the 
data manipulation field 254C for a store graphics where the 
data element width is 32bits according to embodiments of the 
invention. This table is referred to as the UpConvsa and it is 
a representation of the block 484. 
0331 Write Mask Field FIGS. 16A-D 
0332 FIGS. 16A-16B illustrate two merging operations 
performed with different write masks and with the second 
Source and destination being the same according to embodi 
ments of the invention. FIG. 16A is a block diagram illustrat 
ing an exemplary operation 1600 that merges using the write 
mask in write mask register K1 where the data element width 
is 32bits and where the second source and destination are the 
same according to embodiments of the invention. FIG. 16A 
shows a source operand 1605; a source/destination operand 
1610; the content of the mask register K1 1615 (with the 
lower 16 bits including a mix of ones and Zeros); and the 
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destination operand 1620. Each of the lower 16 bit positions 
in the mask register K1 corresponds to one of the data element 
positions (K1 O to data element position 0, K1 1 to data 
element position 1, and so one). For each data element posi 
tion in the destination operand 1620, it contains the content of 
that data element position in the source/destination 1610 or 
the result of the operation (illustrated as an add) depending on 
whether the corresponding bit position in the mask register 
K1 is a Zero or 1, respectively. In other embodiments, source/ 
destination operand 1610 is replaced with a second source 
operand. In those embodiments, the destination operand 1620 
contains the contents of the destination operand 1620 from 
before the operation in those of the data element positions in 
which the corresponding bit positions of the mask register K1 
are Zero (if any) and contains the result of the operation in 
those of the data element positions in which of the corre 
sponding bit positions of the mask register K1 are 1 (if any). 
0333 As previously described, one embodiment of the 
invention uses K0 to indicate no masking should be per 
formed. FIG. 16B is a block diagram illustrating an exem 
plary operation 1625 that merges using the hardwired mask of 
all ones (the hardwired write mask is used by instructions that 
specify write mask register k0) where the data element width 
is 32bits and where the second source and destination are the 
same according to embodiments of the invention. FIG.16B is 
identical to FIG. 16A, except that K1 1615 is replaced with 
hardwired mask 1630 and that destination operand 1620 is 
replaced with destination operand 1635. The hardwired mask 
1630 is all ones, and thus the destination operand 1635 con 
tains data elements representative of the result of the opera 
tion. 
0334 FIG. 16C is a block diagram illustrating the corre 
spondence of bits in the write mask registers to the data 
element positions of a 512 bit vector for the 8, 16, 32, and 64 
bit data element widths according to embodiments of the 
invention. Specifically, a 64-bit register K1640 is illustrated, 
where all 64 bits are used when the data element width is 8 
bits, only the least significant 32 bits are used when the data 
element width is 16 bits, only the least significant 16 bits are 
used when the data element width is 32bits, and only the least 
significant 8 bits are used when the data element width is 64 
bits. For a 256 bit vector, only the least significant 32 bits are 
used when the data element width is 8 bits, only the least 
significant 16 bits are used when the data element width is 16 
bits, only the least significant 8 bits are used when the data 
element width is 32 bits, and only the least significant 4 bits 
are used when the data element width is 64 bits. For a 128 bit 
vector, only the least significant 16 bits are used when the data 
element width is 8 bits, only the least significant 8 bits are 
used when the data element width is 16 bits, only the least 
significant 2 bits are used when the data element width is 32 
bits, and only the least significant 2 bits are used when the data 
element width is 64 bits. 
0335 The value of a given mask register can be set up as a 
direct result of a vector comparison instruction, transferred 
from a GP register, or calculated as a direct result of a logical 
operation between two masks. 
0336 FIG. 16D is a block diagram illustrating an exem 
plary operation 1660 that merges using the write mask in 
writemask register K1 where the data element width is 32bits 
and where the second source and destination are different 
according to embodiments of the invention. 
0337 FIG. 16E is a block diagram illustrating an exem 
plary operation 1666 that Zeros using the write mask in write 



US 2013/0305020 A1 

mask register K1 where the data element width is 32 bits and 
where the second source and destination are different accord 
ing to embodiments of the invention. While the Zeroing 
operation is illustrated only relative to an operation where the 
destination is different from the sources, Zeroing also works 
where the second source and destination are the same. 
0338 Exemplary Templates and Instructions—FIGS. 
17-18 

0339. The following notations are provided by way of 
introduction to FIGS. 17-18. 

(0340 Operand Notation 

Notation Meaning 

Zmm1 A vector register operand in the argument1 field 
of the instruction. The 64 byte vector registers 
are: Zmm0 through Zmm31 

Zmm2 A vector register operand in the argument2 field 
of the instruction. The 64 byte vector registers 
are: Zmm0 through Zmm31 

Zmm3 A vector register operand in the argument3 field 
of the instruction. The 64 byte vector registers 
are: Zmm0 through Zmm31 

S32(Zmm/m) A vector floating-point 32-bit Swizzle? conversion. 
Sisi (Zmm/m) A vector floating-point 64-bit Swizzle? conversion. 
S32(Zmm/m) A vector integer 32-bit Swizzle? conversion. 
S(Zmm/m) A vector integer 64-bit Swizzle? conversion. 
U32(m) A floating-point 32-bit load Upconversion. 
U32(m) A graphics floating-point 32-bit load Upconversion. 
Uegs? (m) A packed graphics floating-point 32-bit load 

Upconversion. 
U32(m) An integer 32-bit load Upconversion. 
Usa(n) A. floa ing-point 64-bit load Upconversion. 
U64(m) An integer 64-bit load Upconversion. 
D32(Zmm) A floating-point 32-bit store Downconversion. 
D32(Zmm) A graphics floating-point 32-bit store 

Downconversion. 
D;32(Zmm) An integer 32-bit store Downconversion. 
D64(Zmm) A floating-point 64-bit store Downconversion. 
D64(Zmm) An integer 64-bit store Downconversion. 

l A memory operand. 
Ill A memory operand that may have a EH hint attribute. 
mv, A vector memory operand that may have a EH hint 

attribute. This memory operand is encoded using 
ModRM and VSIB bytes. It can be seen as a set of 
pointers where each pointer is equal to BASE + V 
INDEXix SCALE 

effective address Used to denote the full effective address when 
dealing with a memory operand. 

imm3 An immediate byte value. 
SRCa-b) A bit-field from an operand ranging from LSB b to 

MSB a. 

(0341 Vector Operand Value Notation 

Notation Meaning 

The value of the element located between biti 
and bit i + 31 of the argument1 vector operand. 
The value of the element located between biti 
and bit i + 31 of the argument2 vector operand. 

k1i Specifies the i-th bit in the vector mask 
register k1. 

{kl} A mask register operand in the write mask field 
of the instruction used with merging behavior. 
The 64 bit mask registers are: k0 through k7 
A mask register operand in the write mask field 
of the instruction used with zeroing behavior. 
The 64 bit mask registers are: k0 through k7 
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0342 Swizzl JpConv, FullUpConv and DownConv Func 
tion Conventions 

Swizzle? 
conversion used 

Function used in operation 
description 

S32(Zmm/m) SwizzupConvLoads2(Zmm/m) 
Sisi (Zmm/m) SwizzupConvLoads (Zmm/m) 
S32(Zmm/m) SwizzCpConvLoad (Zmmim) 
Sea (Zmm/m) Swizzl pConvLoad (Zmm/m) 
U32(m) UpConvLoads2(m) 
U32(m) UpConvLoads2(m) 
Uegs? (m) UpConvLoads2(m) 
U32(m) UpConvLoads2(m) 
Usa(n) UpConvLoads (m) 
U64(m) UpConvLoads (m) 
D32(Zmm) DownConvStores2(Zmm) or 

DownConvStores (ZmmXx:yy) 
D32(Zmm) DownConvStores2(Zmm) or 

DownConvStores2(ZmmXX:yy) 
D;32(Zmm) DownConvStores (Zimm) or 

DownConvStores (ZmmXX:yy) 
Dis1(Zmm) DownConvStores (Zimm) or 

DownConvStores (ZmmXX:yy) 
D6(Zmm) DownConvStore (Zimm) or 

DownConvStores (ZmmXX:yy) 

0343 Exemplary Instruction Encodings for EVEX.U0— 
FIGS. 17A-D 
0344 FIG.17A illustrates a subset of fields from an exem 
plary specific vector friendly instruction format according to 
embodiments of the invention. Specifically, FIG. 17A shows 
an EVEX Prefix 302, a Real Opcode Field 330, and a MOD 
R/M Field 340. In this embodiment, the Format Field 240 
contains 0x62 to indicate that the instruction format is the 
vector friendly instruction format. 
(0345 FIGS. 17B-17D each illustrates a subset of fields 
from an exemplary specific vector friendly instruction 
encoded in the specific vector friend instruction format of 
FIG. 17A according to embodiments of the invention. In the 
description of FIG. 17B-17D, the specific uses of some fields 
are described to demonstrate possible encodings of those 
fields for various exemplary configurations of the VADDPS 
instruction. In each of the FIGS. 17B-17D, the Format Field 
240 contains 0x62 to indicate that the instruction is encoded 
in the vector friendly instruction format and the real opcode 
field 330 contains the VADDPS opcode. FIGS. 17B-17Deach 
illustrates an encoding of the VADDPS instruction in the 
EVEX.UO class according to embodiments of the invention; 
FIG. 17B and FIG. 17C each illustrates an EXEV.UO encod 
ing of VADDPS in a no memory access 205 instruction tem 
plate while FIG. 17D illustrates an EVEX.U0 encoding of 
VADDPS in a memory access 220 instruction template. The 
VADDPS instruction adds packed single-prevision floating 
point values from a first register or memory operand (e.g. 
Zmm3) to a second register (e.g. Zmm2) and stores the result 
in a third register (e.g. Zmm1) according to a writemask (e.g. 
k1). This instructionallows for various round operations, data 
transform operations, or data manipulation operations 
depending on the encoding of the instruction. This instruction 
may be described by the following instruction mnemonic: 
EVEX.UO.NDS.512.0F 58/r VADDPS Zmm1 {kl}, Zmm2, 
S(Zmm3/mV) {eh}. 
(0346 FIG. 17B illustrates an encoding of the VADDPS 
instruction in the no memory access, full round control type 
operation 210 instruction template. The data element width 
field 264 is 0 to indicate 32 bit data element width. The class 
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field 268 (i.e. EVEX.U) is set to 0 to indicate the EVEX.U0 
class. The alpha field 252 is interpreted as a RS field 252A 
(i.e. EVEX.rs) and is set to 1 (i.e. RS field 252A.1) to select 
the round control type operation. Since the alpha field 252 is 
acting as RS field 252A.1, the beta field 254 is interpreted as 
a round operation field 258 (i.e. EVEX.r.o.). Specifically, 
EVEX.r, is interpreted as a SAE field 256 while EVEX.ro 
act as the round control field 254A. The modifier field 246 
(i.e. MODR/M.MOD 342) is set to 11 to indicate no memory 
access (i.e. register Zimm3 is the first source operand instead 
of a memory operand). 
(0347 FIG. 17C illustrates an encoding of the VADDPS 
instruction in the no memory access, data transform type 
operation 215 instruction template. The encoding of FIG. 
17C is identical to FIG.17B except for the alpha field 252 and 
the beta field 254. The alpha field 252 is interpreted as a RS 
field 252A(i.e. EVEX.rs) and is set to 0 (i.e. RS field 252A2) 
to select the data transform type operation. Since the alpha 
field 252 is acting as RS field 252A2, the beta field 254 is 
interpreted as a data transform field 254B (i.e. EVEX.so). 
(0348 FIG. 17D illustrates an encoding of the VADDPS 
instruction in the memory access 220 instruction template. 
The data element width field 264 is 0 to indicate 32 bit data 
element width. The class field 268 (i.e. EVEX.U) is set to 0 to 
indicate the EVEX.U0 class. The alpha field 252 is inter 
preted as an eviction hint field 252B (i.e. EVEX.EH). The 
beta field 254 is interpreted as a data manipulation field 254C 
(i.e. EVEX.so). The modifier field 246 (i.e. MODR/M. 
MOD 342) is set to either 00, 01, or 10 to indicate that the first 
Source operand is a memory operand; this is shown in FIG. 
17D as 11 (i.e. any input except 11). 
(0349 Exemplary Instruction Encoding for EVEX.U1– 
FIGS 18A-18F 

0350 FIG. 18A illustrates a subset of fields from an exem 
plary specific vector friendly instruction format according to 
embodiments of the invention. Specifically, FIG. 1* A shows 
an EVEX Prefix 302, a Real Opcode Field 330, and a MOD 
R/M Field 340. In this embodiment, the Format Field 240 
contains 0x62 to indicate that the instruction format is the 
vector friendly instruction format. 
0351 FIGS. 18B-18F each illustrates a subset of fields 
from an exemplary specific vector friendly instruction 
encoded in the specific vector friend instruction format of 
FIG. 18A according to embodiments of the invention. In the 
description of FIG. 18B-18F, the specific uses of some fields 
are described to demonstrate possible encodings of those 
fields for various exemplary configurations of the VADDPS 
instruction. In each of the FIGS. 18B-18F the Format Field 
240 contains 0x62 to indicate that the instruction is encoded 
in the vector friendly instruction format and the real opcode 
field 330 contains the VADDPS opcode. FIGS. 18B-18F each 
illustrates an encoding of the VADDPS instruction in the 
EVEX.U1 class according to embodiments of the invention; 
FIG. 18B-18E each illustrates an EXEV.U1 encoding of 
VADDPS in a no memory access 205 instruction template 
while FIG. 18F illustrates an EVEX.U1 encoding of VAD 
DPS in a memory access 220 instruction template. 
0352 FIG. 18B illustrates an encoding of the VADDPS 
instruction in the no memory access, write mask control, 
partial round control type operation 212 instruction template. 
The data element width field 264 is 0 to indicate 32 bit data 
element width. The class field 268 (i.e. EVEX.U) is set to 1 to 
indicate the EVEX.U1 class. The alpha field 252 is inter 
preted as a write mask control field 252C (selecting between 
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a merging or Zeroing writemask). The least significant bit of 
the beta field 254 is interpreted as an RL field 257A and is set 
to 1 to indicate a partial round type operation (i.e. round 
257A.1). The two most significant bits of the beta field 254 
are interpreted as a round operation field 259A. The modifier 
field 246 (i.e. MODR/M.MOD 342) is set to 11 to indicate no 
memory access (i.e. register Zmm3 is the first source operand 
instead of a memory operand). In this encoding, the VADDPS 
instruction adds a packed single-precision floating-point 
value from a first register (e.g. Zmm3) to a second register 
(e.g. Zmm2) and stores the rounded result in a third register 
(e.g. Zmm1) according to a writemask (e.g. k1). This may be 
described by the following mnemonic: EVEX.U1.NDS.512. 
OFW058/rVADDPS Zmm1 {kl}{z}, Zmm2, Zmm3 {er for 
Zeroing-writemasking and the same without the {Z} formerg 
ing-writemasking. While the other mnemonics show below in 
this section all include {Z}, it should be understood that the 
same mnemonic without the {Z} is similarly also possible. 
0353 FIGS. 18C-18E each illustrates an encoding of the 
VADDPS instruction in the no memory access, write mask 
control, VSIZE type operation 217 instruction template. The 
encoding of FIGS. 18C-18E are identical to FIG. 17B except 
for the beta field. In each of FIGS. 18C-18E, the least signifi 
cant bit of the beta field 254 is interpreted as an RL field 257A 
and is set to 0 to indicate a VSIZE type operation 257A.2. The 
two most significant bits of the beta field 254 are interpreted 
as a vector length field 259B. 
0354) In FIG. 18C, the vector length field 259B is set to 10 
to indicate a vector size of 512 bits. In FIG. 18D, the vector 
length field 259B is set to 01 to indicate a vector size of 256 
bits. In FIG. 18E, the vector length field 259B is set to 00 to 
indicate a vector size of 128 bits. In this encoding, the VAD 
DPS instruction adds a packed single-precision floating-point 
value from a first register (e.g. Zmm3) to a second register 
(e.g. Zmm2) and stores the result in a third register (e.g. 
Zmm1) according to a writemask (e.g. k1). FIG. 18C may be 
described by the following mnemonic: EVEX.U1.NDS.512. 
OFW058/r VADDPS Zmm1 {kl} {z}, Zmm2, Zmm3. FIG. 
18D may be described by the following mnemonic: EVEX. 
U1.NDS.256.0F.W058/r VADDPSymm1 {kl}{z},ymm2, 
ymm3. FIG. 18.E may be described by the following mne 
monic: EVEX.U1 NDS. 128.0F.WO 58/r VADDPS Xmm1 
{kl} {Z}, Xmm2, Xmm3. 
0355 FIG. 18F illustrates an encoding of the VADDPS 
instruction in the memory access, write mask control 227 
instruction template. The data element width field 264 is 0 to 
indicate 32 bit data element width. The class field 268 (i.e. 
EVEX.U) is set to 1 to indicate the EVEX.U1 class. The alpha 
field 252 is interpreted as a write mask control field 252C 
(selecting between a merging or Zeroing writemask). The 
least significant bit of the beta field 254 is interpreted as a 
broadcast field 257B. The two most significant bits of the beta 
field 254 are interpreted as a vector length field 259B. The 
modifier field 246 (i.e. MODR/M.MOD 342) is set to either 
00, 01, or 10 to indicate that the first source operand is a 
memory operand; this is shown in FIG. 17D as 11 (i.e. any 
input except 11). In this encoding, the VADDPS instruction 
adds a packed single-precision floating-point value from a 
memory operand, that can be broadcast upon loading, to a first 
register (e.g. Zmm2) and stores the result in a second register 
(e.g. Zmm1) according to a writemask (e.g. k1). When the 
vector length field indicates vectors of 512 bits, this may be 
described by the following mnemonic: EVEX.U1.NDS.512. 
OFW0 58/r VADDPS Zmm1 {kl} {Z}, Zmm2, B(mV). 
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When the vector length field indicates vectors of 256 bits, this -continued 
may be described by the following mnemonic: EVEX.U1. 
NDS.256.0F.W058/r VADDPSymm1 {kl}{z},ymm2, B., FIG. 12A FIG. 13A 
(mV). When the vector length field indicates vectors of 128 No broadcast or 1 to 16 broadcast 
bits, this may be described by the following mnemonic: element level or element level 
EVEXU1NDS128-OF.WO 58/r VADDPS Xmm1 {kl} {Z}, memory access 4 to 16 broadcast memory access 
Xmm2, B(mV). Function specified by base specified by base specified by base 
0356 Exemplary Displacement8 N Values S/U64 operation field operation field operation field 
0357. In one embodiment of the invention, the memory 100 NA NA NA 
access size N is determined based on contents of two or more 101 NA NA NA 

of the base operation field, the data element width field, and NA NA NA 
the augmentation operation field depending on the instruction 
template being used and other factors as described below. In 
one embodiment of the invention, with regard to U-0 (Class 0359 SwizzleUpConvert, and UpConvert, 
A), the below tables show the size of the vector (or element) 
being accessed in memory and, analogously, the displace 
ment factor for compressed displacement (disp8*N). Note 
that some instructions work at element granularity instead of FIG. 12B FIG. 13B 
full vector granularity at the level of memory, and hence No broadcast or 1 to 16 broadcast 
should use the "element level column in the tables below. element level or element level 
The function columns label (e.g., U/S) signifies the memory access 4 to 16 broadcast memory access 

Function specified by base specified by base specified by base memory access type specified by the base operation field SU;32 operation field operation field operation field 
(e.g., U/S, signifies loadint and load/op int) and data element 
width (e.g., is a 64-bit data element width). The values in OOO 64 16 4 
this column are the possible values of the data manipulation 9. NA NA 
field 254C in the embodiment of FIG.3. Referring tO FIG. 4B, O11 NA NA NA 
the various memory access types are shown flowing (in some 100 16 4 1 
cases through a data element width decision) to their data 101 16 4 1 
manipulation FIGS. 12A-15C; the various tables 12A-15C 3. i 
drive the selection of N's value, and thus are placed on col 
umns 2 and 3 as appropriate. By way of example, a load/opint 
64 bit data element width memory access operation flows to 0360 SwizzleUpConvertfö4 and UpConvertfö4 
FIG. 12A, at which the data manipulation field's 254C con 
tent is used to both select the data manipulation operation (as 
indicted in FIG. 12A) and the value ofN (as indicated below). 
By way of another example, a load int 64 bit data element FIG. 12C FIG. 13C 
width memory access operation (which indicates abroadcast No broadcast or 1 to 16 broadcast 
in the base operation field 242) flows to FIG. 13A, at which element level or element level 
the data manipulation field's 254C content is used to both memory access 4 to 16 broadcast memory access 
select the data manipulation operation (as indicted in FIG. Function specified by base specified by base specified by base 
13A, which does not include broadcast data transforms) and S/Us operation field operation field operation field 
the value of N (as indicated below). Thus, the second column OOO 64 32 8 
is for instructions whose base operation field 242 does not OO1 8 NA NA 
specify a broadcast or element level memory access; the third 9. N NA NA 
columns first Sub-column is for instructions whose base 100 NA NA NA 
operation field 242 specifies a broadcast but does not specify 101 NA NA NA 
an element level memory access; and the third column's 110 NA NA NA 

111 NA NA NA second Sub-column is for instructions whose base operation 
field 242 specifies a broadcast or an element level memory 
aCCCSS, (0361 SwizzleUpConverts, and UpConverts, 
0358 SwizzleUpConvert and UpConvert 

FIG. 12D FIG. 13D 
FIG. 12A FIG. 13A 

No broadcast or 1 to 16 broadcast 
No broadcast or 1 to 16 broadcast element level or element level 
element level or element level memory access 4 to 16 broadcast memory access 
memory access 4 to 16 broadcast memory access Function specified by base specified by base specified by base 

Function specified by base specified by base specified by base SU32 operation field operation field operation field 
S/U64 operation field operation field operation field 

OOO 64 16 4 
OOO 64 32 8 OO1 4 NA NA 
OO1 8 NA NA O10 16 NA NA 
O10 32 NA NA O11 32 8 2 
O11 NA NA NA 100 16 4 1 
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-continued 

FIG. 12D 

No broadcast or 
element level 
memory access 4 to 16 broadcast 

FIG. 13D 

1 to 16 broadcast 
or element level 
memory access 

Function specified by base specified by base specified by base 
SU32 operation field operation field operation field 

101 16 4 1 
110 32 8 
111 32 8 2 

0362 Down Conversion, 

FIG. 14A FIG. 14A 

Regular store Element level 
specified by memory access 

Function base operation Not specified by base 
Dis4 field Applicable operation field 

OOO 64 NA 8 
OO1 NA NA NA 
O10 NA NA NA 
O11 NA NA NA 
100 NA NA NA 
101 NA NA NA 
110 NA NA NA 
111 NA NA NA 

0363 Down Conversion, 

FIG. 14B FIG. 14B 

Regular store Element level 
specified by memory access 

Function base operation Not specified by base 
D;32 field Applicable operation field 1 

OOO 64 NA 4 
OO1 NA NA NA 
O10 NA NA NA 
O11 NA NA NA 
100 16 NA 1 
101 16 NA 1 
110 32 NA 2 
111 32 NA 2 

0364 Down Conversions 

FIG. 14C FIG. 14C 

Regular store Element level 
specified by memory access 

Function base operation Not specified by base 
D54 field Applicable operation field 

OOO 64 NA 8 
OO1 NA NA NA 
O10 NA NA NA 
O11 NA NA NA 
100 NA NA NA 
101 NA NA NA 
110 NA NA NA 
111 NA NA NA 
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0365 Down Conversions 

FIG. 14D FIG. 14D 

Regular store Element level 
specified by memory access 

Function base operation Not specified by base 
D32 field Applicable operation field 

OOO 64 NA 4 
OO1 NA NA NA 
O10 NA NA NA 
O11 32 NA 2 
100 16 NA 1 
101 16 NA 1 
110 32 NA 2 
111 32 NA 2 

10366 UpConverts, 

FIG. 1SA FIG. 1SA 

No broadcast or 1 to 16 broadcast 
element level or element level 
memory access 4 to 16 broadcast memory access 

Function specified by base specified by base specified by base 
Ug32 operation field operation field operation field 

OOO 64 16 4 
OO1 NA NA NA 
O10 16 4 1 
O11 NA NA NA 
100 16 4 1 
101 16 4 1 
110 32 8 2 
111 32 8 2 

0367 UpConverts 

FIG. 1SB FIG. 1SB 

No broadcast or 1 to 16 broadcast 
element level or element level 
memory access 4 to 16 broadcast memory access 

Function specified by base specified by base specified by base 
Upg32 operation field operation field operation field 

OOO 64 16 4 
OO1 64 16 4 
O10 64 16 4 
O11 64 16 4 
100 64 16 4 
101 64 16 4 
110 64 16 4 
111 64 16 4 

0368 Down Conversions 

FIG. 1SC 

FIG. 1SC Element level 
Regular store memory access 

Function specified by base Not specified by base 
D32 operation field Applicable operation field 

OOO 64 NA 4 
OO1 NA NA NA 
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-continued 

FIG. 1SC 

FIG. 1SC Element level 
Regular store memory access 

Function specified by base Not specified by base 
D32 operation field Applicable operation field 

O10 NA NA NA 
O11 32 NA 2 
100 16 NA 1 
101 16 NA 1 
110 32 NA 2 
111 32 NA 2 

0369. In one embodiment of the invention, with regard to 
U=1 (Class B), various instructions have the ability to use a 
compressed displacement by using disp8 in conjunction with 
a memory access size N that is determined based on the vector 
length (determined by the content of the vector length field 
259B), the type of vector operation and whether broadcast is 
being performed (the value of the base operation field 242 
and/or the broadcast field 257B), and the data element width 
(determined by the content of the real opcode field 330 and/or 
the data element width field 264 as described in FIG. 4E), for 
different types of instructions. In general, the memory access 
size N corresponds to the number of bytes in the memory 
input (e.g., 64 when the accessing a full 512-bit memory 
vector). In one embodiment of the invention, the first table 
below explains some of the terms use in the second table 
below, and the second table below gives the value of N for 
various types of instructions. A Tuple in the below tables is a 
packed structure of data in memory. 

Disp8 * N Input 
Format Broadcast Size 

Full O 32 bi 
32 bi 

O 64 bi 
64 bi 

FullMem O NA 

Tuple1/Scalar O 8 bi 
8 bi 

O 16 bi 
16 bi 

O 32 bi 
32 bi 

O 64 bi 
64 bi 

Tuple2 O 32 bi 
32 bi 

O 64 bi 
64 bi 

Tuple4 O 32 bi 
32 bi 

O 64 bi 
64 bi 

Tuples O 32 bi 
32 bi 

O 64 bi 
64 bi 

Half O 32 bi 
32 bi 

O 64 bi 
64 bi 
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Full Reads a full vector. Accepts broadcasts (load 
op), e.g., VADDPS Zmm1, Zmm2, 
Zmm3/B(mem) 

FullMem Reads a full vector. Does not accepts 
broadcasts (load only), e.g., VMOVAPS 
Zmm1, m512 

Scalar Reads a single element from memory to do an 
scalar operation: VADDSS Xmm1, xmm2, 
m32 

Tuple1 Reads a single element from memory. e.g., 
VBROADCASTSS Zmm1, m32 

Tuple2 Reads only 2 elements from memory. e.g., 
VBROADCASTF32X2 Zmm1, mé4 

Tuple4 Reads only 4 elements from memory. e.g., 
VBROADCASTF32X4 Zmm1, m128 

Tuples Reads only 8 elements from memory. e.g., 
VBROADCASTF32X8 Zimm1, m256 

Half Reads only half of the total elements from 
memory, e.g., VCVTPS2PDZmm1, B(mem) 
f only reads 8 SP input values to get 8 DP 
results 

HalfMem Same above, but memory only (it does not 
accept broadcasts). e.g., VPMOVZXBW 
Zmm1, mem if only reads 32 byte input values 
to get to 32 Word results 

QuarterMem Reads only a quarter of the total elements 
from memory. e.g., VPMOVZXBD Zmm1, 
mem if only reads 16 byte input values to get 
16 Dword results 

Eighth Mem Reads only a quarter of the total elements 
from memory. e.g., VPMOVZXBQ Zmm1, 
mem if only reads 8 byte input values to get 8 
Qword results 

Mem128 Reads only a package of m128 bits from 
memory. It does not allow broadcasts. 

N N N 
(disp8 * N) (disp8 * N) (disp8 * N) 

Broadcast 128-bit 256-bit 512-bit Comment 

None 16 32 64 LoadOp 
{1 to X} 4 4 4 
None 16 32 64 

{1 to X} 8 8 8 
None 16 32 64 Load Store + 
NA NA NA NA SubDword 
None 1 1 1 Broadcast Extract 
NA NA NA NA Insert (1 
None 2 2 2 element) + 
NA NA NA NA Gather Scatter + 
None 4 4 4 Scalar 
NA NA NA NA 
None 8 8 8 
NA NA NA NA 
None 8 8 8 Broadcast (2 
NA NA NA NA elements) 
None NA 16 16 
NA NA NA NA 
None NA 16 16 Broadcast (4 
NA NA NA NA elements) 
None NA NA 32 
NA NA NA NA 
None NA NA 32 Broadcast (8 
NA NA NA NA elements) 
NA NA NA NA 
NA NA NA NA 
None 8 16 32 LoadOp (Half 

{1 to X} 4 4 4 mem size) 
NA NA NA NA 
NA NA NA NA 
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-continued 

N N 
Disp8 * N Input (disp8 * N) (disp8 * N) 
Format Broadcast Size Broadcast 128-bit 256-bit 

HalfMem NA None 8 16 
1 NA NA NA 

QuarterMem O NA None 4 8 
1 NA NA NA 

Eighth Mem O NA None 2 4 
1 NA NA NA 

Mem128 O NA None 16 16 
1 NA NA NA 

0370 Reserving Bits 
0371. Also, in some embodiments of the invention, differ 
ent processors or different cores within a processor may Sup 
port 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, a core intended primarily for graphics and/or scien 
tific (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 is 
within 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 a processor 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 general purpose out-of-order cores 
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 a high level language would be put (e.g., 
just in time compiled or statically compiled) into an variety of 
different executable forms, including: 1) a form having only 
instructions of the class(es) supported by the target processor 
for execution; or 2) a form having alternative 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. 

Write Mask Control Broadcast 
Types of Instructions Field 2S2C Field 2S7B 

Loads/broadcast inserts R 
Byte? Word operations R 
with memory 
Gatheriscatter R R 
Extracts stores R R 
Compares R 
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N 
(disp8 * N) 
512-bit Comment 

32 Load Store + 
NA SubDword (Half 

mem size) 
16 Load Store + 
NA SubDword 

(Quarter mem 
size) 

8 Load Store + 
NA SubDword 

(Eighth mem 
size) 

16 Shift with shift 
NA count from 

memory 

0372 With regard to loads, broadcast, and inserts, one 
embodiment of the invention implements different versions 
of broadcast with the base operation field, and thus the broad 
cast field 257B is not needed. For byte?word operations, one 
embodiment of the invention does not support broadcasts 
with the broadcast field 257B because the hardware cost of 
Supporting this feature was not currently justified. As for 
gather (which is a type of load), one embodiment of the 
invention implements different versions of broadcast with the 
base operation field, and thus the broadcast field 257B is not 
needed. With regard to scatter, extracts and stores, one 
embodiment does not support broadcasts with the broadcast 
field 257B because these types of instructions have a register 
Source (not a memory source) and a memory destination, and 
broadcastis only meaningful when memory is the Source. The 
mask of a gather instruction is a completion mask; and thus a 
merging writemask operation is currently the desired opera 
tion. Performing Zeroing writemask on a store, Scatter, or 
extract would Zero a location in memory—an operation for 
which a vector store, Scatter, or extract is not typically used. 
For compares, in one embodiment of the invention, Zeroing 
writemasking would be unnatural since the compares already 
writes 0 if the comparison result is negative (e.g., the two 
elements compared are not equal in case of equality compari 
son), and thus might interfere with how the comparison result 
is interpreted. 
0373) Exemplary Pipelines FIGS. 19-22 
0374 FIGS. 19-22 are block diagrams illustrating which 
fields of the instruction templates in FIG. 2A are utilized in 
different stages of four exemplary processor pipelines 
according to embodiments of the invention. It should be noted 
that at the level of understanding required, the illustrated 
pipeline stages and their function are well-known. Each of 
FIGS. 19-22 include an A, B, and C figure respectively illus 
trating the no memory access, full round control type opera 
tion 210 instruction template; the no memory access, data 
transform type operation 215 instruction template; and the 
memory access 225/230 instruction templates. While each of 
the FIGS. 19-22 shows a different exemplary pipeline, the 
same pipeline is shown in each of the A-C figures for each 
figure number. For example, FIG. 19A shows the no memory 
access, full round control type operation 210 instruction tem 
plate and a first exemplary instruction pipeline: FIG. 19B 
shows the no memory access data transform type operation 
215 and the same exemplary pipelineas in FIG. 19 A; whereas 
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FIG. 20A shows the no memory access, full round type con 
trol operation 210 instruction template and the second exem 
plary processor pipeline. 
0375 FIGS. 19-22 respectively illustrate processor pipe 
line 1900, processor pipeline 2000, processor pipeline 2100. 
and processor pipeline 2200. Where the pipeline stage name 
is the same across the different exemplary pipelines, the same 
reference numeral was used for ease of understanding; how 
ever, this does not imply that the same name pipeline stages 
across the different exemplary pipelines are the same, just that 
they perform a similar operation (although it may include 
more or less Sub operations). 
0376 
0377 The processor pipeline 1900 is represents a generic 
processor pipeline, and thus it includes a fetch stage 1910, a 
decode stage 1920, a register read/memory read stage 1930, a 
data transform stage 1940, an execute stage 1950, and a write 
back/memory write stage 1960. 
0378 Brackets and arrowed lines from the instruction 
templates to the processor pipeline stages illustrate the fields 
that are utilized by different ones of the pipeline stages. For 
example, in FIG. 19A, all of the fields are utilized by the 
decode stage 1920; the register index field 244 is utilized by 
the register read/memory read stage 1930; thers field 252A 
(round 252A1), the SAE field 256, the round operation field 
258, and the data element width field 264 are utilized by the 
execute stage 1950; the data element width field 264 is also 
utilized by the write back/write memory stage 1960; and the 
write mask field 268 is used by the execute stage 1950 or the 
write back/memory write stage 1960 (The use of the write 
mask field 270 optionally in two different stages represents 
that the write mask field could disable the execution of the 
operation on the masked data elements in the execute stage 
1950 (thereby preventing those data element positions from 
being updated in the write/memory write stage 1960), or the 
execution stage 1950 could perform the operation and the 
write mask be applied during the write/memory write stage 
1960 to prevent the updating of the masked data element 
positions). 

0379. It should be noted that the arrowed lines do not 
necessarily represent the only stage (s) utilized by the differ 
ent fields, but do represent where that field will likely have the 
largest impact. As between the A and B figures, it will be 
noted that the main difference is that the augmentation opera 
tion field 250 is utilized by the execute stage 1950 for the 
round operation; the augmentation operation field 250 is uti 
lized by the data transform stage 1940 for the data transform 
type operation; and the line from the data element width field 
264 to the execute stage 1950 is moved to the data transform 
stage 1940. FIG. 19C shows the base operation field 242 
instead going to the register read/memory read stage 1930; 
the EH field 252B of the augmentation operation field 250 
being utilized by the register read/memory read stage 1930; 
the scale field 260, the displacement field 262A/displacement 
factor field 262B, the write mask field 270, and the data 
element width field 264 being optionally utilized by the reg 
ister read/memory read stage 1930 or the write back/memory 
write 1960 depending on whether it is a memory read or 
memory write operation. Since it is well-known the pipeline 
stages that would utilize the immediate field 272, a mapping 
for that field is not represented in order not to obscure the 
invention. 

Exemplary Generic Pipeline FIG. 19 
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(0380 Exemplary in-Order Pipeline FIG. 20 
0381. The processor pipeline 2000 represents an in order 
processor pipeline and has the same named pipeline stages as 
the processor pipeline 2000, but has a length decoding stage 
2012 inserted between the fetch stage 1910 and the decode 
stage 1920. 
(0382. The mappings for FIGS. 20A-20C are essentially 
identical to those in FIGS. 19 A-19C. 
(0383 First Exemplary Out-of-Order Pipeline FIG. 21 
0384 The processor pipeline 2100 represents an first 
exemplary out of order pipeline that has the same named 
pipeline stages as the processor pipeline 2000, but also has the 
following: 1) an allocate stage 2122, a renaming stage 2124. 
and a schedule stage 2126 inserted between the decode stage 
1920 and the register read/memory read stage 1930; and 2) a 
reorder buffer (rob) read stage 2162, an exception handling 
stage 2164, and a commit stage 2166 added after the right 
back/memory right stage 1960. 
0385. In FIGS. 21A-21C, the mappings are generally the 
same as the mappings in FIGS. 20A-20C, with the following 
exceptions: 1) that the register index field 244 and the modi 
fier field 246 are utilized by the renaming stage 2142; 2) in 
only FIG. 21A, the write mask field 270 is also optionally 
used by the exception handling stage 2164 to Suppress excep 
tions on masked data element positions; and 3) in only FIG. 
21A, the SAE field 256 is used optionally by the execute stage 
1950 and the exception handling stage 2164 depending on 
where floating point exceptions will be suppressed. 
0386 Second Exemplary Out-of-Order Pipeline FIG. 
22 
0387. The processor pipeline 2200 represents a second 
exemplary out of order pipeline that has the same named 
processor pipeline stages as the processor pipeline 2100, with 
the exception that the data transform and execution stages 
have been merged to form and an execute/data transform 
stage 22.45. 
0388. The mappings in FIGS. 22A-22C are essentially the 
same as those in FIGS. 21A-21C, with the exception that the 
mappings that went separately to the data transform stage 
1940 and the execute stage 1950 instead go to the execute/ 
data transform stage 22.45. 
0389 Class B Instructions Templates on the Exemplary 
Pipelines 
0390 The below table illustrates how to modify FIGS. 
19-22 to accommodate the fields of the instruction templates 
in FIG. 2B according to embodiments of the invention. 

Field Figure Pipeline Stage 

Write Mask 9A-22C Write Back/Memory Write 1960 
Control and or Execute 1950,224.5 
Field (Z) 252C 

21A-22C Renaming 2124 
Round 257A.1 9A, 20A, 21A Execute 1950 

22A Execute? Data Transform 224.5 
21A, 22A Exception Handling 2164 

Round Operation 9A, 20A, 21A Execute 1950 
Field 259A 22A Execute? Data Transform 224.5 
WSIZE Field 9B, 20B, 21B, Decode 1920 
2S7A2 22B 

21B, 22B Renaming 2124 
9B, 20B, 21B, Register read/Memory read 1930 
22B 
9B, 20B, 21B Execute 1950 
22B Execute? Data Transform 224.5 
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-continued 

Field Figure Pipeline Stage 

9B, 20B, 21B, Write Back/Memory Write 1960 
22B 

Vector Length 9B-C, 20B-C, Decode 1920 
Field 259B 21B-C, 22B-C 

21B-C, 22B-C Renaming 2124 
9B-C, 20B-C, Register read/Memory read 1930 

21B-C, 22B-C 
9B-C, 20B-C, Execute 1950 
21B-C 
22B-C Execute? Data Transform 224.5 
9B-C, 20B-C, Write Back/Memory Write 1960 

21B-C, 22B-C 
Broadcast Field 9C, 20C, 21C Data Transform 1940 
257B 22C Execute? Data Transform 224.5 

9C, 20C, 21C, Memory Read 1930 
22C 

0391 Decode Stages 1920 
0392 A variety of different well known decode units 
could be used in the decode stages 1920. For example, the 
decode unit may decode each macro instruction into a single 
wide micro instruction. As another example, the decode unit 
may decode Some macro instructions into single wide micro 
instructions, but others into multiple wide micro instructions. 
As another example particularly Suited for out of order pro 
cessor pipelines, the decode unit may decode each macro 
instruction into one or more micro-ops, where each of the 
micro-ops may be issued and execute out of order. 
0393. It should also be noted that a decode unit may be 
implemented with one or more decoders and each decoder 
may be implemented as a programmable logic array (PLA), 
as is well known in the art. By way of example, a given decode 
unit may: 1) have steering logic to direct different macro 
instructions to different decoders; 2) a first decoder that may 
decode a subset of the instruction set (but more of it than the 
second, third, and fourth decoders) and generate two micro 
ops at a time; 3) a second, third, and fourth decoder that may 
each decode only a Subset of the entire instruction set and 
generate only one micro-op at a time; 4) a micro-sequencer 
ROM that may decode only a subset of the entire instruction 
set and generate four micro-ops at a time; and 5) multiplexing 
logic feed by the decoders and the micro-sequencer ROM that 
determine whose output is provided to a micro-op queue. 
Other embodiments of the decoderunit may have more or less 
decoders that decode more or less instructions and instruction 
Subsets. For example, one embodiment may have a second, 
third, and fourth decoder that may each generate two micro 
ops at a time; and may include a micro-sequencer ROM that 
generates eight micro-ops at a time. 
0394 Exemplary Processor Architectures FIGS. 23-24 
0395 Exemplary in-Order Processor Architecture 
FIGS 23A-23B 

0396 FIGS. 23 A-B illustrate a block diagram of an exem 
plary in-order processor architecture. This exemplary 
embodiment is designed around multiple instantiations of an 
in-order CPU core that is augmented with a wide vector 
processor (VPU). Cores communicate through a high-band 
width interconnect network with some fixed function logic, 
memory I/O interfaces, and other necessary I/O logic, 
depending on the exact application. For example, an imple 
mentation of this embodiment as a stand-alone GPU would 
typically include a PCIe bus. 
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0397 FIG. 23A is a block diagram of a single CPU core, 
along with its connection to the on-die interconnect network 
2302 and with its local subset of the level 2 (L2) cache 2304. 
according to embodiments of the invention. An instruction 
decoder 2300 supports the x86 instruction set with an exten 
sion including the specific vector instruction format 300. 
While in one embodiment of the invention (to simplify the 
design) a scalar unit 2308 and a vector unit 2310 use separate 
register sets (respectively, Scalar registers 2312 and vector 
registers 2314) and data transferred between them is written 
to memory and then read back in from a level 1 (L1) cache 
2306, alternative embodiments of the invention may use a 
different approach (e.g., use a single register set or include a 
communication path that allow data to be transferred between 
the two register files without being written and read back). 
0398. The L1 cache 2306 allows low-latency accesses to 
cache memory into the Scalar and vector units. Together with 
load-op instructions in the vector friendly instruction format, 
this means that the L1 cache 2306 can be treated somewhat 
like an extended register file. This significantly improves the 
performance of many algorithms, especially with the eviction 
hint field 252B. 
0399. The local subset of the L2 cache 2304 is part of a 
global L2 cache that is divided into separate local Subsets, one 
per CPU core. Each CPU has a direct access path to its own 
local subset of the L2 cache 2304. Data readby a CPU core is 
stored in its L2 cache subset 2304 and can be accessed 
quickly, in parallel with other CPUs accessing their own local 
L2 cache subsets. Data written by a CPU core is stored in its 
own L2 cache Subset 2304 and is flushed from other subsets, 
if necessary. The ring network ensures coherency for shared 
data. 
(0400 FIG. 23B is an exploded view of part of the CPU 
core in FIG.23A according to embodiments of the invention. 
FIG. 23B includes an L1 data cache 2306A part of the L1 
cache 2304, as well as more detail regarding the vector unit 
2310 and the vector registers 2314. Specifically, the vector 
unit 2310 is a 16-wide vector processing unit (VPU) (see the 
16-wide ALU 2328), which executes integer, single-precision 
float, and double-precision float instructions. The VPU sup 
ports Swizzling the register inputs with Swizzle unit 2320, 
numeric conversion with numeric convert units 2322A-B, 
and replication with replication unit 2324 on the memory 
input. Write mask registers 2326 allow predicating the result 
ing vector writes. 
04.01 Register data can be swizzled in a variety of ways, 
e.g. to Support matrix multiplication. Data from memory can 
be replicated across the VPU lanes. This is a common opera 
tion in both graphics and non-graphics parallel data process 
ing, which significantly increases the cache efficiency. 
0402. The ring network is bi-directional to allow agents 
such as CPU cores, L2 caches and other logic blocks to 
communicate with each other within the chip. Each ring 
data-path is 512-bits wide per direction. 
(0403 Exemplary Out-of-Order Architecture FIG. 24 
0404 FIG.24 is a block diagram illustrating an exemplary 
out-of-order architecture according to embodiments of the 
invention. Specifically, FIG. 24 illustrates a well-known 
exemplary out-of-order architecture that has been modified to 
incorporate the vector friendly instruction format and execu 
tion thereof. In FIG. 24 arrows denotes a coupling between 
two or more units and the direction of the arrow indicates a 
direction of data flow between those units. FIG. 24 includes a 
front end unit 2405 coupled to an execution engine unit 2410 
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and a memory unit 2415: the execution engine unit 2410 is 
further coupled to the memory unit 2415. 
04.05 The front end unit 2405 includes a level 1 (L1) 
branch prediction unit 2420 coupled to a level 2 (L2) branch 
prediction unit 2422. The L1 and L2 brand prediction units 
2420 and 2422 are coupled to an L1 instruction cache unit 
2424. The L1 instruction cache unit 2424 is coupled to an 
instruction translation lookaside buffer (TLB) 2426 which is 
further coupled to an instruction fetch and predecode unit 
2428. The instruction fetch and predecode unit 2428 is 
coupled to an instruction queue unit 2430 which is further 
coupled a decode unit 2432. The decode unit 2432 comprises 
a complex decoder unit 2434 and three simple decoder units 
2436, 2438, and 2440. The decode unit 2432 includes a 
micro-code ROM unit 2442. The decode unit 2432 may oper 
ate as previously described above in the decode stage section. 
The L1 instruction cache unit 2424 is further coupled to an L2 
cache unit 2448 in the memory unit 2415. The instruction 
TLB unit 2426 is further coupled to a second level TLB unit 
2446 in the memory unit 2415. The decode unit 2432, the 
micro-code ROM unit 2442, and a loop stream detector unit 
2444 are each coupled to a rename/allocator unit 2456 in the 
execution engine unit 2410. 
0406. The execution engine unit 2410 includes the 
rename/allocator unit 2456 that is coupled to a retirement unit 
2474 and a unified scheduler unit 2458. The retirement unit 
2474 is further coupled to execution units 2460 and includes 
a reorder buffer unit 2478. The unified scheduler unit 2458 is 
further coupled to a physical register files unit 2476 which is 
coupled to the execution units 2460. The physical register 
files unit 2476 comprises a vector registers unit 2477A, a 
write mask registers unit 2477B, and a scalar registers unit 
2477C; these register units may provide the vector registers 
510, the vector mask registers 515, and the general purpose 
registers 525; and the physical register files unit 2476 may 
include additional register files not shown (e.g., the scalar 
floating point stack register file 545 aliased on the MMX 
packed integer flat register file 550). The execution units 2460 
include three mixed scalar and vector units 2462, 2464, and 
2472; a load unit 2466; a store address unit 2468; a store data 
unit 2470. The load unit 2466, the store address unit 2468, and 
the store data unit 2470 are each coupled further to a data TLB 
unit 2452 in the memory unit 2415. 
0407. The memory unit 2415 includes the second level 
TLB unit 2446 which is coupled to the data TLB unit 2452. 
The data TLB unit 2452 is coupled to an L1 data cache unit 
2454. The L1 data cache unit 2454 is further coupled to an L2 
cache unit 2448. In some embodiments, the L2 cache unit 
2448 is further coupled to L3 and higher cache units 2450 
inside and/or outside of the memory unit 2415. 
0408. By way of example, the exemplary out-of-order 
architecture may implement the process pipeline 2200 as 
follows: 1) the instruction fetch and predecode unit 2428 
perform the fetch and length decoding stages 1910 and 2012: 
2) the decode unit 2432 performs the decode stage 1920; 3) 
the rename/allocator unit 2456 performs the allocation stage 
2122 and renaming stage 2124; 4) the unified scheduler 2458 
performs the schedule stage 2126; 5) the physical register 
files unit 2476, the reorder buffer unit 2478, and the memory 
unit 2415 perform the register read/memory read stage 1930; 
the execution units 2460 perform the execute/data transform 
stage 22.45; 6) the memory unit 2415 and the reorder buffer 
unit 2478 perform the write back/memory write stage 1960; 
7) the retirement unit 2474 performs the ROB read 2162 
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stage; 8) various units may be involved in the exception 
handling stage 2164; and 9) the retirement unit 2474 and the 
physical register files unit 2476 perform the commit stage 
2166. 
04.09 Exemplary Single Core and Multicore Processors— 
FIG. 29 
0410 FIG.29 is a block diagram of a single core processor 
and a multicore processor 2900 with integrated memory con 
troller and graphics according to embodiments of the inven 
tion. The solid lined boxes in FIG. 29 illustrate a processor 
2900 with a single core 2902A, a system agent 2910, a set of 
one or more bus controller units 2916, while the optional 
addition of the dashed lined boxes illustrates an alternative 
processor 2900 with multiple cores 2902A-N, a set of one or 
more integrated memory controller unit(s) 2914 in the system 
agent unit 2910, and an integrated graphics logic 2908. 
0411. The memory hierarchy includes one or more levels 
of cache within the cores, a set or one or more shared cache 
units 2906, and external memory (not shown) coupled to the 
set of integrated memory controller units 2914. The set of 
shared cache units 2906 may include one or more mid-level 
caches, such as level 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 a ring based interconnect 
unit 2912 interconnects the integrated graphics logic 2908, 
the set of shared cache units 2906, and the system agent unit 
2910, alternative embodiments may use any number of well 
known techniques for interconnecting Such units. 
0412. In some embodiments, one or more of the cores 
2902A-N are capable of multi-threading. The system agent 
2910 includes those components coordinating and operating 
cores 2902A-N. The system agent unit 29.10 may include for 
example a power control unit (PCU) and a display unit. The 
PCU may be or include logic and components needed for 
regulating the power state of the cores 2902A-N and the 
integrated graphics logic 2908. The display unit is for driving 
one or more externally connected displays. 
0413. The cores 2902A-N may be homogenous or hetero 
geneous in terms of architecture and/or instruction set. For 
example, some of the cores 2902A-N may be in order (e.g., 
like that shown in FIGS. 23A and 23B) while others are 
out-of-order (e.g., like that shown in FIG. 24). As another 
example, two or more of the cores 2902A-N may be capable 
of executing the same instruction set, while others may be 
capable of executing only a Subset of that instruction set or a 
different instruction set. At least one of the cores is capable of 
executing the vector friendly instruction format described 
herein. 
0414. The processor may be a general-purpose processor, 
such as a CoreTM i3, i5, i7, 2 Duo and Quad, XeonTM, or 
Itanium processors, which are available from Intel Corpora 
tion, of Santa Clara, Calif. Alternatively, the processor may be 
from another company. The processor may be a special-pur 
pose processor, such as, for example, a network or commu 
nication processor, compression engine, graphics processor, 
co-processor, embedded processor, or the like. The processor 
may be implemented on one or more chips. The processor 
2900 may be a part of and/or may be implemented on one or 
more Substrates using any of a number of process technolo 
gies, such as, for example, BiCMOS, CMOS, or NMOS. 
0415 Exemplary Computer Systems and Processors— 
FIGS. 25-28 

0416 FIGS. 25-27 are exemplary systems suitable for 
including the processor 2900, while FIG. 28 is an exemplary 
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system on a chip (SoC) that may include one or more of the 
cores 2902. 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, digi 
tal signal processors (DSPs), graphics devices, video game 
devices, set-top boxes, micro controllers, cell phones, por 
table media players, hand held devices, and various other 
electronic devices, are also Suitable. In general, a huge variety 
of systems or electronic devices capable of incorporating a 
processor and/or other execution logic as disclosed herein are 
generally Suitable. 
0417 Referring now to FIG. 25, shown is a block diagram 
of a system 2500 in accordance with one embodiment of the 
invention. The system 2500 may include one or more proces 
sors 2510, 2515, which are coupled to graphics memory 
controller hub (GMCH) 2520. The optional nature of addi 
tional processors 2515 is denoted in FIG. 25 with broken 
lines. 
0418. Each processor 2510, 2515 may be some version of 
processor 2900. However, it should be noted that it is unlikely 
that integrated graphics logic and integrated memory control 
units would exist in the processors 2510, 2515. 
0419 FIG. 25 illustrates that the GMCH 2520 may be 
coupled to a memory 2540 that may be, for example, a 
dynamic random access memory (DRAM). The DRAM may, 
for at least one embodiment, be associated with a non-volatile 
cache. 
0420. The GMCH2520 may be a chipset, or a portion of a 
chipset. The GMCH 2520 may communicate with the pro 
cessor(s) 2510, 2515 and control interaction between the 
processor(s) 2510,2515 and memory 2540. The GMCH2520 
may also act as an accelerated bus interface between the 
processor(s) 2510, 2515 and other elements of the system 
2500. For at least one embodiment, the GMCH 2520 com 
municates with the processor(s) 2510, 2515 via a multi-drop 
bus, such as a frontside bus (FSB) 2595. 
0421. Furthermore, GMCH 2520 is coupled to a display 
2545 (such as a flat panel display). GMCH 2520 may include 
an integrated graphics accelerator. GMCH 2520 is further 
coupled to an input/output (I/O) controller hub (ICH) 2550, 
which may be used to couple various peripheral devices to 
system 2500. Shown for example in the embodiment of FIG. 
25 is an external graphics device 2560, which may be a 
discrete graphics device coupled to ICH 2550, along with 
another peripheral device 2570. 
0422. Alternatively, additional or different processors 
may also be present in the system 2500. For example, addi 
tional processor(s) 2515 may include additional processors(s) 
that are the same as processor 2510, additional processor(s) 
that are heterogeneous or asymmetric to processor 2510. 
accelerators (such as, e.g., graphics accelerators or digital 
signal processing (DSP) units), field programmable gate 
arrays, or any other processor. There can be a variety of 
differences between the physical resources 2510, 2515 in 
terms of a spectrum of metrics of merit including architec 
tural, microarchitectural, thermal, power consumption char 
acteristics, and the like. These differences may effectively 
manifest themselves as asymmetry and heterogeneity 
amongst the processing elements 2510, 2515. For at least one 
embodiment, the various processing elements 2510, 2515 
may reside in the same die package. 
0423 Referring now to FIG. 26, shown is a block diagram 
of a second system 2600 in accordance with an embodiment 
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of the present invention. As shown in FIG. 26, multiprocessor 
system 2600 is a point-to-point interconnect system, and 
includes a first processor 2670 and a second processor 2680 
coupled via a point-to-point interconnect 2650. As shown in 
FIG. 26, each of processors 2670 and 2680 may be some 
version of the processor 2900. 
0424. Alternatively, one or more of processors 2670,2680 
may be an element other than a processor, such as an accel 
erator or a field programmable gate array. 
0425. While shown with only two processors 2670, 2680, 

it is to be understood that the scope of the present invention is 
not so limited. In other embodiments, one or more additional 
processing elements may be present in a given processor. 
0426 Processor 2670 may further include an integrated 
memory controller hub (IMC) 2672 and point-to-point (P-P) 
interfaces 2676 and 2678. Similarly, second processor 2680 
may include a IMC 2682 and P-P interfaces 2686 and 2688. 
Processors 2670, 2680 may exchange data via a point-to 
point (PtP) interface 2650 using PtP interface circuits 2678, 
2688. As shown in FIG. 26, IMC's 2672 and 2682 couple the 
processors to respective memories, namely a memory 2642 
and a memory 2644, which may be portions of main memory 
locally attached to the respective processors. 
0427 Processors 2670,2680 may each exchange data with 
a chipset 2690 via individual P-P interfaces 2652,2654 using 
point to point interface circuits 2676, 2694, 2686, 2698. 
Chipset 2690 may also exchange data with a high-perfor 
mance graphics circuit 2638 via a high-performance graphics 
interface 2639. 
0428. A shared cache (not shown) may be included in 
either processor 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 a processor is placed into a low power mode. 
0429 Chipset 2690 may be coupled to a first bus 2616 via 
an interface 2696. In one embodiment, first bus 2616 may be 
a Peripheral Component Interconnect (PCI) bus, or a bus such 
as a PCI Express bus or another third generation I/O inter 
connect bus, although the scope of the present invention is not 
so limited. 

0430. As shown in FIG. 26, various I/O devices 2614 may 
be coupled to first bus 2616, along with a bus bridge 2618 
which couples first bus 2616 to a second bus 2620. In one 
embodiment, second bus 2620 may be a low pin count (LPC) 
bus. Various devices may be coupled to second bus 2620 
including, for example, a keyboard/mouse 2622, communi 
cation devices 2626 and a data storage unit 2628 such as a disk 
drive or other mass storage device which may include code 
2630, in one embodiment. Further, an audio I/O 2624 may be 
coupled to second bus 2620. Note that other architectures are 
possible. For example, instead of the point-to-point architec 
ture of FIG. 26, a system may implement a multi-drop bus or 
other such architecture. 
0431 Referring now to FIG. 27, shown is a block diagram 
of a third system 2700 in accordance with an embodiment of 
the present invention. Like elements in FIGS. 26 and 27 bear 
like reference numerals; and certain aspects of FIG. 26 have 
been omitted from FIG. 27 in order to avoid obscuring other 
aspects of FIG. 27. 
0432 FIG. 27 illustrates that the processing elements 
2670, 2680 may include integrated memory and I/O control 
logic (“CL”) 2672 and 2682, respectively. For at least one 
embodiment, the CL 2672, 2682 may include memory con 
troller hub logic (IMC) such as that described above in con 
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nection with FIGS. 29 and 26. In addition. CL 2672, 2682 
may also include I/O control logic. FIG.27 illustrates that not 
only are the memories 2642, 2644 coupled to the CL 2672, 
2682, but also that I/O devices 2714 are also coupled to the 
control logic 2672, 2682. Legacy I/O devices 2715 are 
coupled to the chipset 2690. 
0433 Referring now to FIG. 28, shown is a block diagram 
of a SoC 2800 in accordance with an embodiment of the 
present invention. Similar elements in FIG. 29 bear like ref 
erence numerals. Also, dashed lined boxes are optional fea 
tures on more advanced SoCs. In FIG. 28, an interconnect 
unit(s) 2802 is coupled to: an application processor 2810 
which includes a set of one or more cores 2902A-N and 
shared cache unit(s) 2906; a system agent unit 2910; a bus 
controller unit(s) 2916; an integrated memory controller unit 
(s) 2914; a set or one or more media processors 2820 which 
may include integrated graphics logic 2908, an image proces 
sor 2824 for providing still and/or video camera functionality, 
an audio processor 2826 for providing hardware audio accel 
eration, and a video processor 2828 for providing video 
encode/decode acceleration; an Static random access memory 
(SRAM) unit 2830; a direct memory access (DMA) unit 
2832; and a display unit 2840 for coupling to one or more 
external displays. 
0434 Embodiments of the mechanisms disclosed herein 
may be implemented in hardware, Software, firmware, or a 
combination of Such implementation approaches. Embodi 
ments of the invention may be implemented as computer 
programs or program code executing on programmable sys 
tems 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. 
0435 Program code, such as code 2630 illustrated in FIG. 
26, may be applied to input data 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, a processing 
system includes any system that has a processor, such as, for 
example, a digital signal processor (DSP), a microcontroller, 
an application specific integrated circuit (ASIC), or a micro 
processor. 
0436 The program code may be implemented in a high 
level procedural or object oriented programming language to 
communicate with a processing 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 a compiled or interpreted 
language. 
0437. 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. 
0438. 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 
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disk including floppy disks, optical disks (compact disk read 
only memories (CD-ROMs), compact disk rewritables (CD 
RWs)), and magneto-optical disks, semiconductor devices 
Such as read-only memories (ROMs), random access memo 
ries (RAMS) Such as dynamic random access memories 
(DRAMs), static random access memories (SRAMs), eras 
able programmable read-only memories (EPROMs), flash 
memories, electrically erasable programmable read-only 
memories (EEPROMs), magnetic or optical cards, or any 
other type of media Suitable for storing electronic instruc 
tions. 

0439 Accordingly, embodiments of the invention also 
include non-transitory, tangible machine-readable media 
containing instructions the vector friendly instruction format 
or containing design data, Such as Hardware Description Lan 
guage (HDL), which defines structures, circuits, apparatuses, 
processors and/or system features described herein. Such 
embodiments may also be referred to as program products. 
0440. In some cases, an instruction converter may be used 
to convert an instruction from a source instruction set to a 
target instruction set. For example, the instruction converter 
may translate (e.g., using static binary translation, 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, firm 
ware, or a combination thereof. The instruction converter may 
be on processor, off processor, or part on and part off proces 
SO. 

0441 FIG. 30 is a block diagram contrasting the use of a 
Software instruction converter to convert binary instructions 
in a source instruction set to binary instructions in a target 
instruction set according to embodiments of the invention. In 
the illustrated embodiment, the instruction converter is a soft 
ware instruction converter, although alternatively the instruc 
tion converter may be implemented in Software, firmware, 
hardware, or various combinations thereof. FIG. 30 shows a 
program in a high level language 3002 may be compiled using 
an x86 compiler 3004 to generate x86 binary code 3006 that 
may be natively executed by a processor with at least one x86 
instruction set core 3016 (it is assume that some of the instruc 
tions that were compiled are in the vector friendly instruction 
format). The processor with at least one x86 instruction set 
core 3016 represents any processor that can perform substan 
tially the same functions as a 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 
3004 represents a compiler that is operable to generate x86 
binary code 3006 (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 3016. Similarly, FIG. 
30 shows the program in the high level language 3002 may be 
compiled using an alternative instruction set compiler 3008 to 
generate alternative instruction set binary code 3010 that may 
be natively executed by a processor without at least one x86 
instruction set core 3014 (e.g., a processor with cores that 
execute the MIPS instruction set of MIPS Technologies of 
Sunnyvale, Calif. and/or that execute the ARM instruction set 
of ARM Holdings of Sunnyvale, Calif.). The instruction con 
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verter 3012 is used to convert the x86 binary code 3006 into 
code that may be natively executed by the processor without 
an x86 instruction set core 3014. This converted code is not 
likely to be the same as the alternative instruction set binary 
code 3010 because an instruction converter capable of this is 
difficult to make; however, the converted code will accom 
plish the general operation and be made up of instructions 
from the alternative instruction set. Thus, the instruction con 
verter 3012 represents software, firmware, hardware, or a 
combination thereof that, through emulation, simulation or 
any other process, allows a processor or other electronic 
device that does not have an x86 instruction set processor or 
core to execute the x86 binary code 3006. 
0442. Certain operations of the instruction(s) in the vector 
friendly instruction format disclosed herein may be per 
formed by hardware components and may be embodied in 
machine-executable instructions that are used to cause, or at 
least result in, a circuit or other hardware component pro 
grammed with the instructions performing the operations. 
The circuit may include a general-purpose or special-purpose 
processor, or logic circuit, to name just a few examples. The 
operations may also optionally be performed by a combina 
tion of hardware and Software. Execution logic and/or a pro 
cessor may include specific or particular circuitry or other 
logic responsive to a machine instruction or one or more 
control signals derived from the machine instruction to store 
an instruction specified result operand. For example, embodi 
ments of the instruction(s) disclosed herein may be executed 
in one or more the systems of FIGS. 25-28 and embodiments 
of the instruction(s) in the vector friendly instruction format 
may be stored in program code to be executed in the systems. 
Additionally, the processing elements of these figures may 
utilize one of the detailed pipelines and/or architectures (e.g., 
the in-order and out-of-order architectures) detailed herein. 
For example, the decode unit of the in-order architecture may 
decode the instruction(s), pass the decoded instruction to a 
vector or Scalar unit, etc. 
0443) The above description is intended to illustrate pre 
ferred embodiments of the present invention. From the dis 
cussion above it should also be apparent that especially in 
Such an area of technology, where growth is fast and further 
advancements are not easily foreseen, the invention can may 
be modified in arrangement and detail by those skilled in the 
art without departing from the principles of the present inven 
tion within the scope of the accompanying claims and their 
equivalents. For example, one or more operations of a method 
may be combined or further broken apart. 

Alternative Embodiments 

0444. While embodiments have been described which 
would natively execute the vector friendly instruction format, 
alternative embodiments of the invention may execute the 
vector friendly instruction format through an emulation layer 
running on a processor that executes a different instruction set 
(e.g., a processor that executes the MIPS instruction set of 
MIPS Technologies of Sunnyvale, Calif., a processor that 
executes the ARM instruction set of ARM Holdings of 
Sunnyvale, Calif.). Also, while the flow diagrams in the fig 
ures show a particular order of operations performed by cer 
tain embodiments of the invention, it should be understood 
that such order is exemplary (e.g., alternative embodiments 
may perform the operations in a different order, combine 
certain operations, overlap certain operations, etc.). 
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0445. In the description above, for the purposes of expla 
nation, numerous specific details have been set forth in order 
to provide a thorough understanding of the embodiments of 
the invention. It will be apparent however, to one skilled in the 
art, that one or more other embodiments may be practiced 
without some of these specific details. The particular embodi 
ments described are not provided to limit the invention but to 
illustrate embodiments of the invention. The scope of the 
invention is not to be determined by the specific examples 
provided above but only by the claims below. 

1-19. (canceled) 
20. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format has a plural 
ity of fields including a class field, an alpha field, and a 
beta field, wherein the first instruction format supports 
different augmentation operations through placement of 
different values in the alpha field and the beta field, 
wherein only one of the different values may be placed in 
each of the alpha field and the beta field on each occur 
rence of an instruction in the first instruction format in 
instruction streams, the processor including, 
a decode unit to decode the occurrences of the instruc 

tions in the first instruction format with the class 
field's content specifying a first class as follows: 
distinguish, for each of the occurrences that does not 

specify memory access, whether to augment with a 
round type operation or not based on the alpha 
field's content in that occurrence, wherein the beta 
field is interpreted as a Suppress all floating point 
exceptions (SAE) field and a round operation field 
when the alpha field's content indicates the round 
type operation; 

distinguish, for each of the occurrences that does not 
specify memory access and that does specify the 
round type operation through the alpha field's con 
tent, whether floating point exceptions will be Sup 
pressed or not based on the SAE field's content in 
that occurrence; and 

distinguish, for each of the occurrences that does not 
specify memory access and that does specify the 
round type operation through the alpha field's con 
tent, which one of a plurality of round operations to 
apply based on the round operation field's content 
in that occurrence. 

21. The apparatus of claim 20, wherein the plurality of 
round operations includes round to nearest, round down, 
round up, and round toward Zero. 

22. The apparatus of claim 20, wherein the decode unit is 
also to decode the occurrences of the instructions in the first 
instruction format with the class field's content specifying a 
second class as follows: 

interpret, for each of the occurrences that does not specify 
memory access, the beta field as including an RL field; 

distinguish, for each of the occurrences that does not 
specify memory access, whether to augment with a 
round type operation or with a vector length type opera 
tion based on the RL field's content in that occurrence, 
wherein a remainder of the beta field is interpreted as a 
round operation field when the RL fields content indi 
cates the round type operation, and wherein the remain 
der of the beta field is instead interpreted as a vector 
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length field when the RL field's content indicates the 
vector length type operation; 

distinguish, for each of the occurrences that does not 
specify memory access and that does specify the round 
type operation through the RL field's content, which one 
of the plurality of round operations to apply based on the 
beta field's content and its interpretation as the round 
operation field in that occurrence. 

23. The apparatus of claim 22, wherein, for each of the 
occurrences that does not specify memory access and that 
does specify the round type operation through the RL field's 
content, floating point exceptions are Suppressed. 

24. The apparatus of claim 22, wherein the decode unit is 
also to decode the occurrences of the instructions in the first 
instruction format with the class field's content specifying the 
second class as follows: 

distinguish, for each of the occurrences that does not 
specify memory access and that does specify the vector 
length type operation through the RL field's content, 
which one of a plurality of vector lengths to use based on 
the beta field's content and its interpretation as the vector 
length field in that occurrence. 

25. The apparatus of claim 24, wherein the plurality of 
vector lengths includes 128, 256, and 512 bits. 

26. The apparatus of claim 20, wherein length of vector 
operated on by the first class is 512 bits. 

27. The processor of claim 20, wherein the first instruction 
format further includes a data element width field, wherein 
the first instruction format supports through different values 
in the data element width field the specification of different 
data element widths. 

28. The processor of claim 27, wherein the first instruction 
format supports through different values in the data element 
width field the specification of a 32 bit and a 64 bit data 
element width for the first class. 

29. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format includes a 
first plurality of templates, wherein the first instruction 
format has a plurality offields including a base operation 
field, a data element width (W) field, and a write mask 
field, wherein the first instruction format supports 
through different values in the base operation field the 
specification of different vector operations, wherein 
each of the vector operations generates a destination 
vector operand including a plurality of data elements at 
different data element positions, wherein the first 
instruction format Supports through different values in 
the data element width field the specification of different 
data element widths, wherein the base operation field, 
the data element width field, and the write mask field 
may each store only one value on each occurrence of an 
instruction in the first instruction format in instruction 
streams, the processor including, 
a decode unit to decode the occurrences of the instruc 

tions in the first plurality of templates as follows: 
distinguish, for each of the occurrences, which one of 

the data element widths to use based on the data 
element width field's content; and 

distinguish, for each of the occurrences, which of the 
data elements resulting from the occurrence's vec 
tor operation is or is not to be reflected in the des 
tination vector operand's corresponding data ele 
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ment positions based on the write mask fields 
content and the data element width for that occur 
rence, wherein one of the different values that may 
be placed in the write mask field is reserved for 
indicating that all of the results of the occurrences 
vector operation are to be reflected in the destina 
tion vector operand’s corresponding data element 
positions, wherein others of the different values 
that may be placed in the write mask field distin 
guish different write mask registers storing config 
urable write masks, and wherein the data element 
width for the occurrence distinguishes which data 
element positions correspond with which bits of the 
configurable write masks. 

30. The apparatus of claim 29, wherein the first instruction 
format supports through different values in the data element 
width field the specification of a 32 bit and a 64 bit data 
element width. 

31. The apparatus of claim 29, wherein the write mask 
registers are at least 64 bits. 

32. The apparatus of claim 29, wherein the destination 
vector operands generated by the different vector operations 
are 512 bits. 

33. The apparatus of claim 29, wherein a single bit of the 
write mask is used for each of the data element positions of 
the destination vector operand. 

34. The apparatus of claim 29, wherein the lower 16 bits of 
the write mask register is used for 512 bit vectors with 32 bit 
data elements, and the lower 8 bits of the write mask register 
is used for 512 bit vectors with 32 bit data elements. 

35. The apparatus of claim 29, wherein at least certain of 
the different vector operations operate on two source oper 
ands and the destination vector operand does not overwrite 
either of the two source operands. 

36. The apparatus of claim 29, wherein at least certain of 
the different vector operations operate on two source oper 
ands and the destination vector operand overwrites one of the 
two source operands. 

37. The apparatus of claim29, wherein the data elements in 
the destination vector operand’s data element positions that 
are to not reflect the occurrence's vector operation are pre 
served. 

38. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format includes a 
first plurality oftemplates that each include a plurality of 
fields including a base operation field, a data element 
width (W) field, a vector length field, and a write mask 
field, wherein the first instruction format supports 
through different values in the base operation field the 
specification of a plurality of different vector operations, 
wherein each of the plurality of vector operations 
requires an operation to be independently performed on 
each of a plurality of different data element positions of 
at least one source vector operand to generate at least one 
destination vector operand, wherein the first instruction 
format supports through different values in the data ele 
ment width field the specification of a 32 bit and a 64-bit 
data element width, wherein the first plurality of tem 
plates support through different values in the vector 
length field the specification of a plurality of different 
vector lengths, wherein the first instruction format Sup 
ports through different values in the write mask field the 
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specification of different write masks, wherein only one 
of the different values may be placed in each of the base 
operation field, the data element width field, and the 
write mask field on each occurrence of an instruction in 
the first instruction format in instruction streams, the 
processor including, 
a decode unit to decode the occurrences of the instruc 

tions in the first plurality of templates as follows: 
distinguish, for each of the occurrences, which one of 

the different vector operations to perform based on 
the base operation field's content; 

distinguish, for each of the occurrences, which one of 
the data element widths to use based on the data 
element width field's content; 

distinguish, for each of the occurrences, which one of 
the vector lengths to use based on the vector length 
field's content; and 

distinguish, for each of the occurrences, which one of 
the different write masks to use based on the write 
mask field's content, wherein the data element 
width and the vector length for the occurrence dis 
tinguishes which data element positions corre 
spond with which bits of the occurrence's write 
mask, and wherein the write mask for the occur 
rence specifies on a per data element position basis 
whether the results of the occurrence's vector 
operation is or is not to be reflected in the destina 
tion vector operand’s corresponding data element 
positions. 

39. The apparatus of claim 38, wherein the plurality of 
different vector lengths includes 128, 256, and 512 bits. 

40. The apparatus of claim 38, wherein the first instruction 
format also supports through different values in the data ele 
ment width field the specification of an 8 bit and a 16 bit data 
element width. 

41. The apparatus of claim 38, wherein the first instruction 
format also supports through different values in a real opcode 
field inside the base operation field the specification of an 8bit 
and a 16 bit data element width. 

42. The apparatus of claim 38, wherein the first instruction 
format Supports a Zeroing-writemasking operation. 

43. The apparatus of claim 38, wherein one of the different 
values that may be placed in the write mask field is reserved 
for indicating that all of the results of the occurrence's vector 
operation are to be reflected in the destination vector oper 
and's corresponding data element positions. 

44. The apparatus of claim 38, wherein others of the dif 
ferent values that may be placed in the write mask field 
distinguish different write mask registers storing config 
urable write masks. 

45. The apparatus of claim 38, wherein the first instruction 
format Supports operations on two source vector operands 
and the destination vector operand does not overwrite either 
of the two source vector operands. 

46. The apparatus of claim 38, wherein the first instruction 
format Supports operations on two source vector operands 
and the destination vector operand overwrites one of the two 
Source vector operands. 

47-56. (canceled) 
57. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format has a plural 
ity of fields including a base operation field, a modifier 
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field, a data element width field, and an augmentation 
operation field, wherein the first instruction format sup 
ports through different values in the base operation field 
the specification of a plurality of different vector opera 
tions, wherein each of the plurality of vector operations 
generates a destination vector operand having a plurality 
of data elements at different data element positions, 
wherein the first instruction format Supports through 
different values in the modifier field the specification of 
memory access and no memory access operations, 
wherein the first instruction format includes a displace 
ment factor field when the modifier field's content speci 
fies a memory access operation with scaled displace 
ment, wherein the base operation field, the modifier 
field, the data element width field, and the augmentation 
operation field may each stored only one value on each 
occurrence of an instruction in the first instruction for 
mat, the processor including, 
a processor pipeline to execute the instructions in the 

first instruction format occurring in instruction 
streams, wherein the pipeline is configured to: 
distinguish the occurrences of instructions in the first 

instruction format that specify memory access with 
scaled displacement from those that do not based 
on the modifier field's content in those different 
occurrences: 

distinguish, for the occurrences that specify memory 
access with scaled displacement through the modi 
fier field's content, between a plurality of memory 
access sizes based on the contents of two or more of 
the base operation field, the data element width 
field, and the augmentation operation field; and 

determine, for each of the occurrences that specifies 
memory access with scaled displacement through 
the modifier fields content, a scaled displacement 
based on multiplying the size of the memory access 
by the displacement factor fields content, wherein 
the scaled displacement is to be used to generate an 
address. 

58. The apparatus of claim 57, wherein the first instruction 
format also Supports the modifier field's content specifying 
unscaled displacement and no displacement. 

59. The apparatus of claim 57, wherein the first instruction 
format includes a displacement field when the modifier field's 
content specifies a memory access operation with unscaled 
displacement. 

60. The apparatus of claim 57, wherein a scale, an index, 
and a base are pulled from fields of the first instruction format 
when the modifier field's content specifies a memory access 
operation with scaled displacement, and wherein the scale, 
index, base, and scaled displacement are used to generate the 
address. 

61. The apparatus of claim 60, wherein the scale is pulled 
from a two bit scale field, the index is pulled from a combi 
nation of a one bit X field and a three bit XXX field, and the 
base is pulled from a combination of a one bit B field and a 
three bit BBB. 

62. The apparatus of claim 57, wherein the selection of 
fields used to distinguish between the plurality of memory 
access sizes is based on the content of a class field within the 
augmentation operation field. 

63. The apparatus of claim 62, wherein, when the class 
field's content specifies a first class, the fields used to distin 
guish between the plurality of memory access sizes include 



US 2013/0305020 A1 

two or more of the base operation field, a data manipulation 
field within the augmentation operation field, and the data 
element width field. 

64. The apparatus of claim 62, wherein, when the class 
field's content specifies a second class, the fields used to 
distinguish between the plurality of memory access sizes 
include two or more of the base operation field, a broadcast 
field within the augmentation operation field, a vector length 
field within the augmentation operation field, and the data 
element width field. 

65. The apparatus of claim 57, wherein the displacement 
factor field is a single byte. 

66. The apparatus of claim 65, wherein the displacement 
factor field's content is interpreted as a signed value between 
-128 and 127. 

67. The apparatus of claim 57, wherein the plurality of 
memory access sizes correspond to the number of bytes in the 
memory access. 

68. The apparatus of claim 57, wherein the plurality of 
memory access sizes are 1 byte, 2 bytes, 4 bytes, 8 bytes, 16 
bytes, 32 bytes, and 64 bytes. 

69-77. (canceled) 
78. An apparatus comprising: 
a processor including: 

a plurality of architectural vector registers that are each 
at least 512 bits in size, 

a plurality of architectural write mask registers that are at 
least 64 bits in size to store configurable write masks, 

wherein the processor is configured to execute an instruc 
tion set, wherein the instruction set includes a plurality 
of instruction formats including a vector friendly 
instruction format, wherein vector instructions in the 
vector friendly instruction format specify vector opera 
tions that generate a destination vector operand having a 
plurality of data elements at different data element posi 
tions, wherein the vector friendly instruction format 
includes the following fields of the following size and in 
the following order, 
a one byte format field to store a value that uniquely 

identifies the vector friendly instruction format; 
a one bit R field to store a bit that is combined with a first 

set of three lower order bits to address the architec 
tural vector registers for certain instructions in the 
vector friendly instruction format; 

a one bit X field to store a bit that is combined with a 
second set of three lower order bits to address the 
architectural vector registers for certain instructions 
in the vector friendly instruction format; 

a one bit B field to storea bit that is combined with a third 
set of three lower order bits to address the architec 
tural vector registers for certain instructions in the 
vector friendly instruction format; 

a one bit R' field to store a bit that is added as the most 
significant bit to the combination of the R field's bit 
and the first set of three lower order bits to address the 
architectural vector registers for certain instructions 
in the vector friendly instruction format; 

a four bit opcode map that is part of a base operation 
field; 

a one bit data element width (W) field to store a bit to 
distinguish between a 32bit data elementsize and a 64 
bit data element size for certain instructions in the 
vector friendly instruction format; 

34 
Nov. 14, 2013 

a four bit V field to store a low order four bits used to 
address the architectural vector registers for certain 
instructions in the vector friendly instruction format; 

a one bit class (U) field to store a bit used to distinguish 
between two classes of instruction templates; 

a two bit prefix encoding field that is part of the base 
operation field; 

a one bit alpha field that is interpreted as a round type 
operation field, a data transform type operation field, 
an eviction hint field, a write mask control field, or 
reserved field, wherein the write mask control fields 
content selects between merging write maskandZero 
ing write mask: 

a three bit beta field that is interpreted as a full round 
control field, a data transform field, or a data manipu 
lation field depending on a modifier field's content 
and the alpha fields content when the class fields 
content indicates a first class, and is interpreted to 
include a two bit round operation field, a two bit 
vector length field or a two bit vector length field 
followed by a broadcast field for certain instructions 
in the vector friendly instruction format when the 
class field's content indicate a second class; 

a one bit V field to store a bit that is added as the most 
significant bit to the four bits of the V field to address 
the architectural vector registers for certain instruc 
tions in the vector friendly instruction format; 

a three bit write mask field to store different values that 
all address different ones of the architectural Write 
mask registers with the exception of one that is 
reserved, wherein each of the configurable write 
masks specifies on a per data element position basis 
whether the results of the vector instruction's vector 
operation is or is not to be reflected in the destination 
vector operand’s corresponding data element posi 
tions, whereas the one reserved value is for indicating 
that all of the results of the vector instruction's vector 
operation are to be reflected in the destination vector 
operand’s corresponding data element positions; 

a one byte real opcode field to store a byte that is part of 
the base operation field, wherein in the base operation 
field's content distinguishes between different base 
operations; and 

the modifier field to store two bits used to distinguish 
between operations that require a memory access and 
operations that do not. 

79. The apparatus of claim 78, wherein the full round 
control field includes, 

a one bit suppress all floating point exceptions (SAE) field 
to store a bit used to distinguish between Suppressing all 
floating point exceptions and not; and 

a two bit round operation field to store two bits to distin 
guish between a plurality of different rounding opera 
tions. 

80. The apparatus of claim 78, wherein, when the three bit 
beta field is interpreted to include either the two bit round 
operation field or the two bit vector length field, the three bit 
beta field is interpreted to include a one bit RL field to store a 
bit used to distinguish when to use the two bit round operation 
field and the two bit vector length field. 

81. The apparatus of claim 78, wherein the vector friendly 
instruction format also includes the following fields of the 
following size and in the following order after the modifier 
field: 
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a three bit MODR/M.reg field, 
a three bit MODR/M.r/m field. 

82. The apparatus of claim 81, wherein the vector friendly 
instruction format also includes the following fields of the 
following size and in the following order after the MODR/M. 
r/m field when the modifier field's content indicates a 
memory access operation with scaled displacement: 

a two bit scale field; 
a three bit XXX field; 
a three bit BBB field; and 
an 8 bit displacement factor field. 
83. The apparatus of claim 82, wherein a scale, an index, 

and a base are pulled respectively from the two bit scale field, 
a combination of the one bit X field and the three bit XXX 
field, and a combination of the one bit B field and the three bit 
BBB field, a scaled displacement is generated based on mul 
tiplying the size of a memory access by the displacement 
factor field's content, and wherein the scale, index, base, and 
scaled displacement are used to generate an address for the 
memory access. 

84. The apparatus of claim 83, wherein the address is 
generated by 2* +the index+the base+the scaled displace 
ment. 

85. The apparatus of claim 78, wherein there are eight of 
the architectural write mask registers. 

86. The apparatus of claim 78, wherein there are 32 of the 
architectural vector registers. 

87. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format has a plural 
ity of fields including a base operation field, a modifier 
field, a class field, an alpha field, and a beta field, 
wherein the first instruction format supports different 
versions of base operations and different augmentation 
operations through placement of different values in the 
base operation field, the modifier field, the class field, the 
alpha field, and the beta field, and wherein only one of 
the different values may be placed in each of the base 
operation field, the modifier field, the class field, the 
alpha field, and the beta field on each occurrence of an 
instruction in the first instruction format in instruction 
streams, wherein a first value in the class field specifies 
a first class and a second value specifies a second class, 
the processor including, 
a decode unit to decode the occurrences of the instruc 

tions in the first instruction format with the class 
field's content specifying the second class as follows: 
distinguish the occurrences of instructions in the first 

instruction format that specify memory access 
from those that do not based on the modifier field's 
content in those different occurrences, wherein the 
beta field is interpreted as a broadcast field and a 
vector length field when the modifier field's con 
tent specifies memory access, wherein part of the 
beta field is interpreted as an RL field when the 
modifier field's content do not specify memory 
acceSS, 

distinguish, for each of the occurrences that specifies 
memory access through the modifier field's con 
tent, whether to broadcast or not and which one of 
a plurality of vector lengths to use based on the beta 
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field's content and its interpretation as the broad 
cast field and the vector length field in that occur 
rence; and 

distinguish, for each of the occurrences that does not 
specify memory access through the modifier fields 
content, whether to augment with a round type 
operation or with a vector length type operation 
based on the RL field's content in that occurrence, 
wherein a remainder of the beta field is interpreted 
as a round operation field when the RL field's con 
tent indicates the round type operation, and 
wherein the remainder of the beta field is instead 
interpreted as the vector length field when the RL 
field's content indicates the vector length type 
operation; 

distinguish, for each of the occurrences that does not 
specify memory access through the modifier fields 
content and that does specify the round type opera 
tion through the RL fields content, which one of a 
plurality of round operations to apply based on the 
beta field's content and its interpretation as the 
round operation field in that occurrence; and 

distinguish, for each of the occurrences, whether to 
perform a merging write mask operation or a Zero 
ing write mask operation based on the alpha fields 
content and its interpretation as a write mask con 
trol field in that occurrence. 

88. The apparatus of claim 87, wherein the plurality of 
round operations includes round to nearest, round down, 
round up, and round toward Zero. 

89. The apparatus of claim 87, wherein the first instruction 
format further includes a data element width field, wherein 
the first instruction format supports through different values 
in the data element width field the specification of different 
data element widths. 

90. The apparatus of claim 89, wherein the different data 
element widths include 32 bits and 64bits. 

91. The apparatus of claim 89, wherein the first instruction 
format also supports through different values in a real opcode 
field inside the base operation field the specification of an 8bit 
and a 16 bit data element width. 

92. The apparatus of claim 89, wherein the first instruction 
format further includes a real opcode field inside the base 
operation field, wherein the real opcode field's content dis 
tinguishes whether the data element width fields content 
selects between a 64 bit and a 32 bit data element size or 
selects between a 16 bit and an 8bit data elementsize for each 
of the occurrences. 

93. The apparatus of claim 87, wherein the plurality of 
vector lengths include 128 bits, 256 bits, and 512 bits. 

94. The apparatus of claim 87, wherein the broadcast 
operation includes 1-element granularity broadcast. 

95. The apparatus of claim 87, wherein at least certain of 
the different base operations operate on two source operands 
and the destination operand does not overwrite either of the 
two source operands. 

96. The apparatus of claim 87, wherein at least certain of 
the different base operations operate on two source operands 
and the destination operand overwrites one of the two source 
operands. 

97. The apparatus of claim 87, wherein the second class 
Supports the modifier field's content specifying a memory 
access operation with a scaled displacement, in which case 
the first instruction format includes a displacement factor 
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field and fields from which a scale, an index, and a base are 
pulled, wherein the scaled displacement is generated based on 
multiplying the size of a memory access by the displacement 
factor field's content, and wherein the scale, index, base, and 
scaled displacement are used to generate an address for the 
memory access. 

98. The apparatus of claim 97, wherein the address is 
generated by 2* +the index+the base+the scaled displace 
ment. 

99. The apparatus of claim 97, wherein the displacement 
factor field's content is interpreted as a signed value between 
-128 and 127. 

100. The apparatus of claim 97, wherein the supported 
sizes of the memory access are 1 byte, 2 bytes, 4 bytes, 8 
bytes, 16 bytes, 32 bytes, and 64 bytes. 

101. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format includes a 
first plurality of templates, wherein the first instruction 
format has a plurality offields including a base operation 
field, an alpha field, a data element width (W) field, and 
a write mask field, wherein the first instruction format 
Supports through different values in the base operation 
field the specification of different vector operations, 
wherein each of the vector operations generates a desti 
nation vector operand including a plurality of data ele 
ments at different data element positions, wherein the 
first instruction format supports through different values 
in the data element width field the specification of dif 
ferent data element widths, wherein the base operation 
field, the alpha field, the data element width field, and the 
write mask field may each store only one value on each 
occurrence of an instruction in the first instruction for 
mat in instruction streams, the processor including, 
a decode unit to decode the occurrences of the instruc 

tions in the first plurality of templates as follows: 
distinguish, for each of the occurrences, which one of 

the data element widths to use based on the data 
element width field's content, 

distinguish, for each of the occurrences, whether to 
perform a merge write mask operation or a Zeroing 
write mask operation based on the alpha fields 
content and its interpretation as a write mask con 
trol field; 

distinguish, for each of the occurrences, which of the 
data elements resulting from the occurrence's vec 
tor operation is or is not to be reflected in the des 
tination vector operand's corresponding data ele 
ment positions based on the write mask fields 
content and the data element width for the occur 
rence, wherein one of the different values that may 
be placed in the write mask field is reserved for 
indicating that all of the results of the occurrences 
vector operation are to be reflected in the destina 
tion vector operand’s corresponding data element 
positions, wherein others of the different values 
that may be placed in the write mask field distin 
guish different write mask registers storing config 
urable write masks, and wherein the data element 
width for the occurrence distinguishes which data 
element positions correspond with which bits of the 
configurable write masks. 

36 
Nov. 14, 2013 

102. The apparatus of claim 101, wherein there are seven of 
the write mask registers for storing configuration write 
masks. 

103. The apparatus of claim 101, wherein the first instruc 
tion format supports through different values in the data ele 
ment width field the specification of an 8bit, a 16 bit, a 32 bit 
and a 64bit data element width. 

104. The apparatus of claim 101, wherein a single bit of the 
write mask is used for each of the data element positions of 
the destination vector operand. 

105. The apparatus of claim 101, wherein at least certain of 
the different vector operations operate on two source oper 
ands and the destination vector operand does not overwrite 
either of the two source operands. 

106. The apparatus of claim 101, wherein at least certain of 
the different vector operations operate on two source oper 
ands and the destination vector operand overwrites one of the 
two source operands. 

107. The apparatus of claim 101, wherein the first instruc 
tion format further includes a real opcode field inside the base 
operation field, wherein the real opcode field's content dis 
tinguishes whether the data element width fields content 
selects between a 64 bit and a 32 bit data element size or 
selects between a 16 bit and an 8bit data elementsize for each 
of the occurrences. 

108. An apparatus comprising: 
a processor configured to execute an instruction set, 

wherein the instruction set includes a first instruction 
format, wherein the first instruction format has a plural 
ity of fields including a base operation field, a modifier 
field, and a beta field, wherein the first instruction format 
supports different versions of base operations and dif 
ferent augmentation operations through placement of 
different values in the base operation field, the modifier 
field, and the beta field, and wherein only one of the 
different values may be placed in each of the base opera 
tion field, the modifier field, and the beta field on each 
occurrence of an instruction in the first instruction for 
mat, the processor including, 
a decode unit to decode a plurality of instructions in the 

first instruction format, wherein the decode unit is 
configured to decode the plurality of instructions in 
the first instruction format as follows: 
distinguish those of the plurality of instructions that 

specify memory access from those that do not 
based on the modifier field's content in those dif 
ferent instructions, wherein part of the beta field is 
interpreted as an RL field when the modifier fields 
content does not specify memory access; 

distinguish, for each of the plurality of instructions 
that does not specify memory access through the 
modifier field's content, whether to augment with a 
round type operation or with a vector length type 
operation based on the RL field's content in that 
instruction, wherein a remainder of the beta field is 
interpreted as a round operation field when the RL 
field's content indicates the round type operation, 
and wherein the remainder of the beta field is 
instead interpreted as a vector length field when the 
RL field's content indicates the vector length type 
operation; 

distinguish, for each of the plurality of instructions 
that does not specify memory access through the 
modifier fields content and that does specify the 
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round type operation through the RL field's con 
tent, which one of a plurality of round operations to 
apply based on the beta field's content and its inter 
pretation as the round operation field in that 
instruction; and 

distinguish, for each of the plurality of instructions 
that does not specify memory access through the 
modifier fields content and that does specify the 
vector length type operation through the RL fields 
content, which one of a plurality of vector lengths 
to use based on the beta field's content and its 
interpretation as the vector length field in that 
instruction. 

109. The apparatus of claim 108, wherein the plurality of 
round operations includes round to nearest, round down, 
round up, and round toward Zero. 

110. The apparatus of claim 108, wherein the plurality of 
vector lengths includes 128 bits, 256 bits, and 512 bits. 

111. The apparatus of claim 108, wherein, for each of the 
instructions that does not specify memory access through the 
modifier field's content and that does specify the round type 
operation through the RL field's content, all floating point 
exceptions are suppressed. 

112. The apparatus of claim 108, wherein the first instruc 
tion format further includes a data element width field, and 
the contents of two or more of the data element widthfield, the 
base operation field, and the vector length field determine a 
memory access size, the memory access size being used to 
specify memory access. 
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113. The apparatus of claim 108, wherein at least certain of 
the different versions of the base operations operate on two 
Source operands and generates a destination operand that 
does not overwrite either of the two source operands. 

114. The apparatus of claim 108, wherein at least certain of 
the different versions of the base operations operate on two 
Source operands and generates a destination operand that 
overwrites one of the two source operands. 

115. The apparatus of claim 108, wherein the first instruc 
tion format further includes a data element width field, 
wherein the first instruction format supports through different 
values in the data element width field the specification of 
different data element widths. 

116. The apparatus of claim 115, wherein the different data 
element widths include 32 bits and 64bits. 

117. The apparatus of claim 115, wherein the first instruc 
tion format also Supports through different values in a real 
opcode field inside the base operation field the specification 
of an 8 bit and a 16 bit data element width. 

118. The apparatus of claim 115, wherein the first instruc 
tion format further includes a real opcode field inside the base 
operation field, wherein the real opcode field's content dis 
tinguishes whether the data element width fields content 
selects between a 64 bit and a 32 bit data element size or 
selects between a 16 bit and an 8bit data elementsize for each 
of the occurrences. 

119-128. (canceled) 
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