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VECTOR INDIRECT ELEMENT VERTICAL ADDRESSING MODE WITH
HORIZONTAL PERMUTE

PRIORITY APPLICATION
[0001] The present application claims priority to U.S. Patent Application Serial
Number 13/834,785, filed March 15, 2013, entitled “VECTOR INDIRECT ELEMENT
VERTICAL ADDRESSING MODE WITH HORIZONTAL PERMUTE,” which is

5 incorporated herein by reference in its entirety.

FIELD OF DISCLOSURE

[0002] The present disclosure generally relates to processors, and more particularly

to processing elements in a processor.

BACKGROUND

[0003] A processor may receive a data stream and store the data in registers. The
data stream may span multiple registers and include a subset of data that is of interest to
the processor. In an example, a user may use a handset that includes a processor. A
signal may include data associated with the user and a reference signal may be sent
from a tower to the handset. The reference signal may be interlaced with the user’s data
along with other data. For example, the signal may include the reference signal and
data associated with other users. The signal may include the user’s data along with the
data of other users because if a packet is lost, a smaller amount of the user’s data is lost
compared to a whole packet including the user’s data. This may mitigate the effect of

losing a packet on a per user basis.

[0004] It may be desirable for the processor to efficiently retrieve, for example,
the data of interest (e.g., reference signal) and organize the data of interest that is

interleaved in the data stream.

BRIEF SUMMARY

[0005] This disclosure relates to processors. Methods, systems, and techniques

for processing elements in a processor are provided.

1-
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[0006] According to an embodiment, a method for placing one or more element
data values into an output vector includes identifying a vertical permute control vector
including a plurality of elements. Each element of the plurality of elements includes a
register address. 'The method also includes for each element of the plurality of
elements, reading a register address from the vertical permute control vector. The
method further includes retrieving a plurality of element data values based on the
register addresses. The method also includes identifying a horizontal permute control
vector including a set of addresses corresponding to an output vector. The method
further includes placing at least some of the retrieved element data values of the
plurality of element data values into the output vector based on the set of addresses in

the horizontal permute control vector.

[0007] According to another embodiment, an apparatus includes a processor that
is operable to identify a vertical permute control vector including a plurality of
elements, each element of the plurality of elements including a register address. The
processor is also operable to for each element of the plurality of elements, read a
register address from the vertical permute control vector. The processor is also operable
to retrieve a plurality of element data values based on the register addresses. The
processor is also operable to identify a horizontal permute control vector including a set
of addresses corresponding to an output vector. The processor is also operable to place
at least some of the retrieved element data values into the output vector based on the set

of addresses in the horizontal permute control vector.

[0008] According to another embodiment, a computer-readable medium has
stored thereon computer-executable instructions for performing operations, including
identifying a vertical permute control vector including a plurality of elements, each
element of the plurality of elements including a register address; for each element of the
plurality of elements, reading a register address from the vertical permute control
vector; retrieving a plurality of element data values based on reading the one or more
register addresses; identifying a horizontal permute control vector including a set of
addresses corresponding to an output vector; and placing at least some of the retrieved
element data values of the plurality of element data values into the output vector based

on the set of addresses in the horizontal permute control vector.

[0009] According to another embodiment, an apparatus for placing one or more

element data values into an output vector includes means for identifying a vertical
2-
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permute control vector including a plurality of elements, each element of the plurality of
elements including a register address; means for, for each element of the plurality of
elements, reading a register address from the vertical permute control vector; means for
retrieving a plurality of element data values based on reading the one or more register
addresses; means for identifying a horizontal permute control vector including a set of
addresses corresponding to an output vector; and means for placing at least some of the
retrieved element data values of the plurality of element data values into the output

vector based on the set of addresses in the horizontal permute control vector.

[0010] According to another embodiment, a method for writing element data
values into an output vector includes reading an input vector including a plurality of
element data values. The method also includes identifying a horizontal permute control
vector including a set of addresses. The method further includes rearranging at least
some of the element data values of the plurality of element data values in the input
vector based on the set of addresses in the horizontal permute control vector. The
method also includes placing the rearranged plurality of element data values in a
temporary vector. The method further includes identifying a vertical permute control
vector including a plurality of elements. Each element of the plurality of elements
includes a register address. The method also includes placing the element data values in
the temporary vector into at least one vector register based on the register addresses in

the vertical permute control vector.

[0011] According to another embodiment, an apparatus includes a processor that
is operable to read an input vector including a plurality of element data values. The
processor is also operable to identify a horizontal permute control vector including a set
of addresses. The processor is also operable to rearrange at least some of the element
data values in the input vector based on the set of addresses in the horizontal permute
control vector. The processor is also operable to place the rearranged plurality of
element data values in a temporary vector. The processor is also operable to identify a
vertical permute control vector including a plurality of elements, each element of the
plurality of elements including a register address. The processor is also operable to
place the element data values in the temporary vector into at least one vector register

based on the register addresses in the vertical permute control vector.

[0012] According to another embodiment, a computer-readable medium has

stored thereon computer-executable instructions for performing operations, including
3-



WO 2014/150636 PCT/US2014/023849

reading an input vector including a plurality of element data values; identifying a
horizontal permute control vector including a set of addresses; rearranging at least some
of the element data values of the plurality of element data values in the input vector
based on the set of addresses in the horizontal permute control vector; placing the
rearranged plurality of element data values in a temporary vector; identifying a vertical
permute control vector including a plurality of elements, each element of the plurality of
elements including a register address; and placing the element data values in the
temporary vector into at least one vector register based on the register addresses in the

vertical permute control vector.

[0013] According to another embodiment, an apparatus for writing element data
values into an output vector includes means for reading an input vector including a
plurality of element data values; means for identifying a horizontal permute control
vector including a set of addresses; means for rearranging at least some of the element
data values of the plurality of element data values in the input vector based on the set of
addresses in the horizontal permute control vector; means for placing the rearranged
plurality of element data values in a temporary vector; means for identifying a vertical
permute control vector including a plurality of elements, each element of the plurality of
elements including a register address; and means for placing the element data values in
the temporary vector into at least one vector register based on the register addresses in

the vertical permute control vector.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which form a part of the specification,
illustrate embodiments of the invention and together with the description, further serve
to explain the principles of the embodiments. In the drawings, like reference numbers
may indicate identical or functionally similar elements. The drawing in which an
element first appears is generally indicated by the left-most digit in the corresponding

reference number.

[0015] FIG. 1 is a block diagram illustrating a processor including a vector

register file, according to an embodiment.

[0016] FIG. 2 is a block diagram illustrating one or more element data values

being placed into an output vector, according to an embodiment.

4-
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[0017] FIG. 3 is a block diagram illustrating the element data values being written

into at least one output vector, according to an embodiment.

[0018] FIG. 4 is a block diagram illustrating a vector register file, according to an
embodiment.
[0019] FIG. 5 is a flowchart illustrating a method for placing one or more element

data values into an output vector, according to an embodiment.

[0020] FIG. 6 is a flowchart illustrating a method for writing element data values

into at least one output vector, according to an embodiment.

[0021] FIG. 7 is a block diagram illustrating a wireless device including a digital

signal processor, according to an embodiment.

DETAILED DESCRIPTION

L. Overview
II. Example Instructions
A. Example Read Instruction
B. Example Write Instruction
C. Scalar Values
III. Example Register File
IV. Example Methods

V. Example Wireless Device

1. Overview

[0022] It is to be understood that the following disclosure provides many different
embodiments, or examples, for implementing different features of the present
disclosure. Some embodiments may be practiced without some or all of these specific
details. Specific examples of components, modules, and arrangements are described
below to simplify the present disclosure. These are, of course, merely examples and are

not intended to be limiting.

[0023] A processor may include a vector register file including a plurality of
vector registers. The vector registers may store element data values, and a subset of the

data associated with the element data values may be of interest. It may be desirable to

5.
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read the subset of the element data values from the plurality of vector registers (e.g., a
reference signal interlaced with user data) and distribute the subset of the element data

values into an output vector.

[0024] In an example, two sets of controls may be used to retrieve the subset of
element data values and place one or more of the subset of element data values into an
output vector. The first set of controls may be a vertical permute control vector that
includes register addresses to determine which column elements in the vectors registers
of the plurality of vector registers to read out. For example, the vertical permute control
vector may include the vertical addresses from which to read the element data values.
The second set of controls may be a horizontal permute control vector that includes a set
of addresses corresponding to an output vector. The horizontal permute control vector
may determine the horizontal distribution of the retrieved subset of element data values
in the output vector. At least some of the retrieved subset of element data values may be
placed into the output vector based on the set of addresses in the horizontal permute

control vector.

[0025] In another example, two sets of controls may be used for writing element
data values into at least one output vector. In an example, an input vector including a
plurality of element data values may be read. At least some of the element data values
of the plurality of element data values in the input vector may be rearranged based on
the set of addresses in the horizontal permute control vector, and the rearranged element
data values may be placed in a temporary vector. The element data values in the
temporary vector may be placed into at least one output vector based on the vertical
permute control vector. The vertical permute control vector may include a plurality of
elements, each element of the plurality of elements including a register address of a

vector register in the vector register file.

[0026] FIG. 1 is a block diagram illustrating a processor 110 including a vector

register file 120, according to an embodiment.

[0027] Vector register file 120 may include N general purpose vector registers,
where N is a whole number that is greater than zero. Each vector register may be
packed with a vector of M elements, where M is a whole number that is greater than
zero. An element may refer to the smallest granularity of data that may be read from the

vector register. Within each vector register, data may be written or read, for example,

-6-
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as bytes (8-bits), short words (16 bits), words (32 bits), or double-words (64 bits). In an
example, vector register file 120 includes 32 vector registers (N=32) and 32 32-bit

elements (M=32), each vector register being 1024 bits wide (32 elements x 32 bits).

[0028] In FIG. 1, vector register file 120 includes vector registers VO (122), V1
(124), V2 (126), V3 (127), V4 (128), V5 (130), V6 (132), and V7 (134). Although
vector register file 120 is illustrated in FIG. 1 as including eight vector registers, other
embodiments having fewer than eight or greater than eight vector registers in vector
register file 120 are within the scope of this disclosure. In an example, vector register

file 120 includes 32 vectors registers VO-V31.

[0029] Processor 110 may load elements into the vector registers and read values
from the vector registers. In an example, a subset of elements associated with vector
registers V4, V5, V6, and V7 may be processed based on the vertical and horizontal

permute control vectors.
I11. Example Instructions
A. Example Read Instruction

[0030] Processor 110 may receive a read instruction that places one or more

element data values into an output vector.

[0031] FIG. 2 is a block diagram 200 illustrating one or more element data values

being placed into an output vector, according to an embodiment.

[0032] Diagram 200 includes an example read instruction 201 that includes
Vd=vidx (Vu, Vv). Instruction 201 includes reading two input vector registers (e.g., Vu
and Vv) and writing an output to an output vector register (e.g., Vd). Vector registers
Vu, Vv, and Vd may be any of the vector registers VO-V7 from vector register file 120,
where u, v, and d may be any value from zero to seven. The instruction may convert to
an opcode that specifies a particular value for Vu, Vv, and Vd. In an example, Vu=V0,
Vv=V1, and Vv=V3. Vu may include the vertical permute control vector, Vv may
include the horizontal permute control vector, and Vd may include the output vector.
and each of vector registers. Fach of Vu, Vx, and Vv may be any of the vector registers

in vector register file 120.

[0033] Processor 110 may receive and execute instruction 201. Executing

instruction 201 may include identifying the vertical permute control vector, reading one

-
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or more memory addresses from the vertical permute control vector, and retrieving a
plurality of element data values based on the read memory addresses. Executing
instruction 201 may also include identifying the horizontal permute control vector and
placing at least some of the retrieved element data values into the output vector based

on the horizontal permute control vector.

[0034] Diagram 200 includes a plurality of vector registers that may be included
in vector register file 120. The plurality of vector registers includes vector registers V4,
V5, V6, and V7, and each vector register may include element data values. It may be
desirable to retrieve a subset of the element data values stored in the plurality of vector

registers.

[0035] Processor 110 may identify a vertical permute control vector 202 including
a plurality of elements. In an embodiment, processor 110 receives data associated with
an instruction and splits the received data into the plurality of elements. The plurality of
elements may be placed into the vertical permute control vector, each element of the

plurality of elements including a register address.

[0036] In FIG. 2, vertical permute control vector 202 may be stored in vector
register Vu 122 from vector register file 120. Accordingly, when processor 110
identifies the vertical permute control vector, processor 110 may identify vector register
Vu in vector register file 120. The vector registers in vector register file 120 may be
visible to a programmer and can be used to indirectly read from vector registers in
vector register file 120. Referring to the above example, only a subset of element data
values in vector registers V4, V5, V6, and V7 may store the reference signal, and the
rest of the elements data values may include other data that is not of interest. The subset
of element data values of interest may span multiple vector registers. To retrieve these
particular element data values, the programmer may program this pattern into Vu to

extract the element data values of interest stored at the appropriate register addresses.

[0037] Vector register Vu may include 32 elements, and each element may
include a 32 bit register address. For example, Vu[0]=4 and includes the register
address for vector register V4[0], Vu[1]=5 and includes the register address for vector
register V5[1], Vu[2]=6 and includes the register address for vector register V6[2], and

Vu[3]=7 and includes the register address for vector register V7[3].
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[0038] A plurality of element data values may be retrieved based on reading the
register addresses. In particular, the register address in the vertical permute control
vector may be used as an indirect address to retrieve the appropriate element data value
from the vector register file. In this way, the one or more register addresses stored in
vertical permute control vector 202 may be used as an indirect access to the element
data value stored at the corresponding register address. An indirect read may be in
contrast to a direct read, which specifies an element data value rather than a register
address. Dor an indirect read, the register address may be read and used to retrieve the

element data value of interest.

[0039] In an example, after reading the register address for vector register V4
from Vu[0], processor 110 may retrieve the element data value “i0,” which is the
element data value stored at vector register V4[0]. Similarly, after reading the register
address for vector register V5 from Vu[1], processor 110 may retrieve the element data
value “j1,” which is the element data value stored at vector register V5[1]. Similarly,
after reading the register address for vector register V6 from Vu[2], processor 110 may
retrieve the element data value “k2,” which is the element data value stored at vector
register V6[2]. Similarly, after reading the register address for vector register V7 from
Vu[3], processor 110 may retrieve the element data value “13,” which is the element
data value stored at vector register V7[3]. Processor 110 may perform similar actions
for the other register addresses stored in Vu. In an embodiment, processor 110 is a
single instruction, multiple data (SIMD) processor and performs the instructions
described in this disclosure in parallel. For example, processor 110 may read the
register addresses in Vv in parallel and retrieves the element data values based on the

read register address in parallel.

[0040] Processor 110 may place the retrieved plurality of element data values in a
temporary vector register. Diagram 200 includes a vector register Vtmp 204. Processor
110 may be a pipelined processor, and Vtmp 204 may be a temporary pipeline vector
register used to store intermediate results. In another example, Vtmp 204 may be a
vector register in vector register file 120. The element data values retrieved based on

the register addresses in Vu may be placed into Vtmp 204.

[0041] For example, in FIG. 2 the “i0” that was read from vector register V4[0] is
placed into Vtmp[0], the “j1” that was read from vector register V5[1] is placed into

Vtmpl[1], the “k2” that was read from vector register V6[2] is placed into Vtmp[2], and
9.
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the “I3” that was read from vector register V7[3] is placed into Vtmp[3]. Processor 110
may perform similar actions for all of the other retrieved element data values based on

the register addresses in the vertical permute control vector.

[0042] In an embodiment, processor 110 identifies a horizontal permute control
vector 206 including a set of addresses corresponding to an output vector. Horizontal
permute control vector 206 has a set of controls that determines the placement of the
retrieved data value elements in the output vector. Processor 110 may place at least
some of the retrieved element data values of the plurality of element data values into the
output vector based on the set of addresses in the horizontal permute control vector. For
example, the element data values in Vtmp 204 may be permuted and placed into the
output vector. In an example, the horizontal permute is implemented using a crossbar.
In this example, at least some of the retrieved element data values may be placed into

the output vector using the crossbar.

[0043] In FIG. 2, the horizontal permute control vector may be stored in vector

register Vv (124), and the output vector may be Vd (126) from vector register file 120.

[0044] In an example, Vv[0]=3, indicating that the element data value
corresponding to Vtmp[3] belongs at Vd[0]. Accordingly, “13,” the element data value
corresponding to Vtmp[3], is placed into output vector Vd[0]. Similarly, Vv[1]=1,
indicating that the element data value corresponding to Vtmp[1] belongs at Vd[1].
Accordingly, “j1,” the element data value corresponding to Vtmp[1], is placed into
output vector Vd[1]. Similarly, Vv[2]=0, indicating that the element data value
corresponding to Vtmp[0] belongs at Vd[2]. Accordingly, “i0,” the element data value
corresponding to Vtmp[O], is placed into output vector Vd[2]. Similarly, Vv[3]=28,
indicating that the element data value corresponding to Vtmp[28] belongs at Vd[3].
Accordingly, “i28,” the element data value corresponding to Vtmp[28], is placed into
output vector Vd[3]. Processor 110 may perform similar actions to place the other

element data values in Vtmp 204 into output vector Vd 126.

[0045] Vector register 120 may have a read port that is given an address. In an
example, in a first cycle, processor 110 reads the register address from the vertical
permute control vector (e.g., vector register Vu in vector register file 120 of FIG. 1).
Processor 110 may perform 32 different operations in one instruction of the same type.

For example, if vector register Vu includes the vertical permute control vector,

-10-
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processor 110 may perform the read operation on Vu[0]-Vu[31] such that processor 110
simultaneously reads the 32 register addresses from vector register Vu. Internally in the
next cycle, processor 110 may read from vector register file 120 again based on the read
register addresses to retrieve the appropriate element data values. Processor 110 may
perform the retrieval operation such that processor 110 simultaneously retrieves the 32
element data values based on the read register addresses from vector register Vu.
Processor 110 may simultaneously place the 32 retrieved element data values into

Vitmp.

[0046] The 32 retrieved element data values stored in Vtmp may be horizontally
distributed in the output vector using the horizontal permute control vector. The
horizontal permute control vector may include the set of addresses corresponding to the
output vector. Processor 110 may identify the horizontal permute control vector and
place at least some of the retrieved element data values of the plurality of element data
values into the output vector based on the set of addresses in the horizontal permute
control vector. Processor 110 may simultaneously place the 32 retrieved element data
values into the output vector based on the set of addresses in the horizontal permute

control vector. The output vector may then include the element data values of interest.

B. Example Write Instruction

[0047] Processor 110 may also receive a write instruction that writes element data
values into at least one vector register. Processor 110 may use the vertical permute
control vector and the horizontal permute control vector to write element data values
into at least one vector register. The write instruction may be a write version analog of

the read instruction discussed above.

[0048] FIG. 3 is a block diagram 300 illustrating the element data values being

written into at least one vector register, according to an embodiment.

[0049] Diagram 300 includes an example write instruction 301 that includes
Vidx(Vd, Vv)=Vu. Instruction 301 includes reading an input vector register (e.g.,
vector register Vu) and writing element data values from the input vector register to at
least one vector register (e.g., vector registers V4, V5, V6, and V7) based on the vertical
permute control vector (e.g., vector register Vd) and the horizontal permute control

vector (e.g., vector register Vv).

-11-



WO 2014/150636 PCT/US2014/023849

[0050] Vector registers Vu, Vv, and Vd may be any of the vector registers VO-V7
from vector register file 120, where u, v, and d may be any value from zero to seven.
The instruction may convert to an opcode that specifies a particular value for Vu, Vv,
and Vd. In an example, Vu=V0, Vv=V1, and Vv=V3. Vu may include the input vector
register, Vv may include the horizontal permute control vector, and Vd may include the

vertical permute control vector.

[0051] Processor 110 may receive and execute instruction 301. Executing
instruction 301 may include reading an input vector Vu (122) including a plurality of
element data values. For example, Vu[0]=u0, Vu[l]=ul, Vu[2]=u2, and Vu[3]=u3. In
an example, the input vector includes the actual element data values that are written to

at least one output vector.

[0052] The element data values in Vu may be read and permuted based on the
horizontal permute control vector. Processor 110 may identify the horizontal permute
control vector 206 including a set of addresses. Horizontal permute control vector 206
may be stored in vector register Vv (124) from vector register file 120. Accordingly,
when processor 110 identifies the horizontal permute control vector, processor 110 may
identify vector register Vv in vector register file 120. At least some of the element data
values of the plurality of element data values in input vector Vu may be rearranged
based on the set of addresses in horizontal permute control vector 206. The plurality of

rearranged element data values may be placed in a temporary vector Vtmp 204.

[0053] In an example, the register address from Vv[0]=3, and processor 110 may
retrieve the element data value “u3” stored at Vu[3] and place the retrieved element data
value into Vtmp[0]. Similarly, the register address from Vv[1]=1, and processor 110
may retrieve the element data value “ul” stored at Vu[1] and place the retrieved element
data value into Vtmp[1]. Similarly, the register address from Vv[2]=0, and processor
110 may retrieve the element data value “u0” stored at Vu[0O] and place the retrieved
element data value into Vtmp[2]. Processor 110 may perform similar actions to place

the other element data values in Vu into temporary vector Vtmp.

[0054] Executing instruction 301 may also include identifying a vertical permute
control vector 202 including a plurality of elements, each element of the plurality of
elements including a register address. Vertical permute control vector 202 may be

stored in vector register Vd (126) from vector register file 120. The element data values

-12-
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in Vtmp may be placed into at least one vector register based on the register addresses
in the vertical permute control vector. In particular, the register addresses in Vd may be
used to write the element data values in Vtmp in a vertical manner to at least one vector

register.

[0055] For example, in FIG. 3, Vd[0]=4, indicating that the element data value
corresponding to Vtmp[0] belongs at V4[0]. Accordingly, “i0,” the element data value
corresponding to Vtmpl[0], is placed into vector register V4[0]. Similarly, Vd[1]=5,
indicating that the element data value corresponding to Vtmp[1] belongs at V5[1].
Accordingly, “j1,” the element data value corresponding to Vtmp[1], is placed into
vector register V5[1]. Similarly, Vd[2]=6, indicating that the element data value
corresponding to Vtmp|[2] belongs at V6[2]. Accordingly, “k2,” the element data value
corresponding to Vtmp|[2], is placed into vector register V6[2]. Similarly, Vd[3]=7,
indicating that the element data value corresponding to Vtmp[3] belongs at V7[3].
Accordingly, “I3,” the element data value corresponding to Vtmp[3], is placed into
vector register V7[3]. Processor 110 may perform similar actions to place the other
element data values in Vtmp 204 into one or more vector registers (e.g., vector registers
V4, V5, V6, and V7). The vector registers may then store in the appropriate places the

element data values from the input vector.

[0056] As discussed above and further emphasized here, FIGs.1-3 are merely

examples, which should not unduly limit the scope of the claims.

[0057] As illustrated above, the permute control vectors (e.g., vertical permute
control vector and/or horizontal permute control vector) may be stored in dynamic
registers that are updated as data is received by processor 110. For example, in FIG. 1,
the vertical permute control vector is included in a vector register (e.g., Vu) and the
horizontal permute control vector is also included in vector register (e.g., Vv) from the
vector register file. This is not intended to be limiting, and the permute control vectors

may be retrieved a number of ways.

[0058] For example, the patterns illustrated in the permute control vectors may be
different from what is illustrated in FIGs. 2 and 3. For example, the vertical permute
control vector in FIG. 2 has a pattern that specifies reading the element data values from

vector registers V4, V5, V6, V7, V4, V5, V6, V7, etc. This is not intended to be
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limiting, and any pattern may be used. For instance, the programmer may program any

pattern into the permute control vectors.

[0059] Further, in FIG. 3, all of the values in input vector Vu are written into at
least one output vector. This is not intended to be limiting. For example, in another
embodiment, one or more element data values in input vector Vu is not written into an
output vector. Further, the element data values in input vector Vu may be written to a
single vector register or to more than one vector register. In an example, if the vertical
permute control includes the same register addresses, then all of the element data values

in the Vtmp may be written to the same vector register (e.g., vector register V4).
C. Scalar Values

[0060] Additionally, a permute control vector (e.g., vertical permute control
vector or horizontal permute control vector) may be stored in a memory location other
than a vector register. In one example, the permute control vector may be stored in
read-only memory (ROM) and read from ROM. In an example read instruction,
processor 110 may receive an instruction such as Vd=Vidx(R,Vv), where R is a scalar
value that references a data structure in ROM. The vertical permute control vector may
be stored in the data structure (e.g., a table) in ROM. Accordingly, to identify the
vertical permute control vector, processor 110 may identify the vertical permute control

vector in the data structure in ROM using the scalar value.

[0061] In another example read instruction, processor 110 may receive an
instruction such as Vd=Vidx(Vu,R), where R is a scalar value that references a data
structure in ROM. The horizontal permute control vector may be stored in the data
structure (e.g., a table) in ROM. Accordingly, to identify the horizontal permute control
vector, processor 110 may identify the horizontal permute control vector in the data

structure in ROM using the scalar value.

[0062] In another read example, processor 110 may receive an instruction such as
Vd=Vidx(R1, R2), where R1 is a first scalar value that references a first data structure
in ROM, and R2 is a second scalar value that references a second data structure in
ROM. The vertical permute control vector may be stored in the first data structure (e.g.,
a table) in ROM, and horizontal permute control vector may be stored in the second data
structure (e.g., a table) in ROM. Accordingly, to identify the vertical permute control

vector, processor 110 may identify the vertical permute control vector in the first data
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structure in ROM using the first scalar value, and to identify the horizontal permute
control vector, processor 110 may identify the horizontal permute control vector in the

second data structure in ROM using the second scalar value.

[0063] Similarly, the write instructions may also include scalar values. TFor
example, processor 110 may receive an instruction such as Vidx (R, Vv)=Vu, where R
is a scalar value that references a data structure in ROM. The vertical permute control
vector may be stored in the data structure (e.g., a table) in ROM. Accordingly, to
identify the vertical permute control vector, processor 110 may identify the vertical

permute control vector in the data structure in ROM using the scalar value.

[0064] In another example write instruction, processor 110 may receive an
instruction such as Vidx (Vd, R)=Vu, where R is a scalar value that references a data
structure in ROM. The horizontal permute control vector may be stored in the data
structure (e.g., a table) in ROM. Accordingly, to identify the horizontal permute control
vector, processor 110 may identify the horizontal permute control vector in the data

structure in ROM using the scalar value.

[0065] In another write example, processor 110 may receive an instruction such as
Vidx (R1, R2)=Vu, where R1 is a first scalar value that references a first data structure
in ROM, and R2 is a second scalar value that references a second data structure in
ROM. The vertical permute control vector may be stored in the first data structure (e.g.,
a table) in ROM, and horizontal permute control vector may be stored in the second data
structure (e.g., a table) in ROM. Accordingly, to identify the vertical permute control
vector, processor 110 may identify the vertical permute control vector in the first data
structure in ROM using the first scalar value, and to identify the horizontal permute
control vector, processor 110 may identify the horizontal permute control vector in the

second data structure in ROM using the second scalar value.

[0066] This may be advantageous in some embodiments because it may be
unnecessary to use a vector register to store the permute control vector. Thus, vector
registers may be freed to store other data. Additionally, the values of the permute
control vector may be pre-stored values such that it may be unnecessary to consume

computing cycles to program the pattern into the permute control vector.

[0067] The scalar value may be specified in an instruction. In an embodiment,

processor 110 is a co-processor and receives the scalar value from another processor. In
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an embodiment, processor 110 may retrieve the scalar value from main memory or
ROM. Moreover, processor 110 may receive the vertical permute control vector and/or

the horizontal permute control vector from the other processor.

1. Example Register File

[0068] FIG. 4 is a block diagram illustrating a vector register file, according to an
embodiment.
[0069] In an embodiment, processor 110 is an SIMD processor that reads from

and writes to vector registers in vector register file 120. In an example, each vector
register in vector register file 120 may include Word 0 (W0) 122 that is P bits wide,
Word 1 (W1) 124 that is P bits wide, ..., all the way to Word 31 (W31) that is P bits
wide. P may be a whole number greater than zero. 'The vector registers may be
constructed from the smallest granularity of bytes. In an example, vector register file
120 includes 32 vector registers, and each vector register is 1024 bits wide. Fach vector

register may include 32 words, each word including 32 bits.

[0070] In an example, P may be any multiple of 8§ (e.g., 8, 16, 32, 64, and so on).
Even if P=32, the permute controls may be adjacent to each other such that constructs
larger than 32 bits of data may be used. For example, if the words are 32 bits wide and
it is desirable to handle data that is 64 bits wide, the same control in the 32 bit chunks

may be adjacently placed such that the system may handle and permute 64 bits of data.

1V. Example Methods

[0071] FIG. 5 is a flowchart illustrating a method 500 for placing one or more
element data values into an output vector, according to an embodiment. Method 500 is

not meant to be limiting and may be used in other applications.

[0072] Method 500 includes steps 510-550. In a step 510, a vertical permute
control vector including a plurality of elements is identified, each element of the
plurality of elements including a register address. In an example, processor 110
identifies a vertical permute control vector including a plurality of elements, each
element of the plurality of elements including a register address. The register addresses
stored in the vertical permute control vector may be used to read element data values
from one or more vector registers in the vector register file. The vertical permute

control vector may be stored in a dynamic register or in static memory. For example, in
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the read instruction in FIG. 2, processor 110 may identify Vu from the vector register
file as the vertical permute control vector. In another example, processor retrieves the

vertical permute control vector from ROM.

[0073] In a step 520, for each element of the plurality of elements, a register
address from the vertical permute control vector is read. In an example, for each
element of the plurality of elements, processor 110 reads a register address from the
vertical permute control vector. The register addresses in the vertical permute control
vector may be used to read from one or more vector registers in a vertical manner.
Element data values that are of interest to the processor may be located at the register

addresses.

[0074] In a step 530, a plurality of element data values is retrieved based on the
read register addresses. In an example, processor 110 retrieves a plurality of element
data values based on the read register addresses. The retrieved plurality of element data
values may be placed into a temporary vector. For example, in FIG. 2, the address of
vector register V4[0] is stored in the vertical permute control vector at Vu[0]. The
element data value at vector register V4[0] may then be placed into the temporary

vector. The retrieved element data values may be of interest to the processor.

[0075] In a step 540, a horizontal permute control vector including a set of
addresses corresponding to an output vector is identified. In an example, processor 110
identifies a horizontal permute control vector including a set of addresses corresponding
to an output vector. The set of addresses stored in the horizontal permute control vector
may be used to arrange the retrieved plurality of element data values (e.g., stored in the
temporary vector register) in the output vector in a horizontal manner. The horizontal
permute control vector may be stored in a dynamic register or in static memory. For
example, in the read instruction in FIG. 2, processor 110 may identify Vv from the
vector register file as the horizontal permute control vector. In another example,

processor retrieves the horizontal permute control vector from ROM.

[0076] In a step 550, at least some of the retrieved element data values of the
plurality of element data values are placed into the output vector based on the set of
addresses in the horizontal permute control vector. In an example, processor 110 places
at least some of the retrieved element data values of the plurality of element data values

into the output vector based on the set of addresses in the horizontal permute control

-17-



WO 2014/150636 PCT/US2014/023849

vector. The element data values of interest may have originally spanned multiple
registers with other data dispersed in between. The output vector may then store only

the element data values of interest.

[0077] It is also understood that additional method steps may be performed
before, during, or after steps 510-550 discussed above. For example, method 500 may
include steps of writing element data values into at least one output vector. It is also
understood that one or more of the steps of method 500 described herein may be

omitted, combined, or performed in a different sequence as desired.

[0078] FIG. 6 is a flowchart illustrating a method 600 for writing element data
values into a vector register, according to an embodiment. Method 600 is not meant to

be limiting and may be used in other applications.

[0079] Method 600 includes steps 610-660. In a step 610, an input vector
including a plurality of element data values is read. In an example, processor 110 reads
an input vector including a plurality of element data values. Tor example, in FIG. 3,
processor 110 may identify Vu from the vector register file as the input vector. In
another example, processor retrieves the input vector from ROM. One or more of the
element data values stored in the input vector may be written to at least one vector
register based on the horizontal permute control vector and the vertical permute control

vector.

[0080] In a step 620, a horizontal permute control vector including a set of
addresses is identified. In an example, processor 110 identifies a horizontal permute
control vector including a set of addresses. The horizontal permute control vector may
be stored in a dynamic register or in static memory. For example, in the write
instruction in FIG. 3, processor 110 may identify vector register Vv from the vector
register file as the horizontal permute control vector. In another example, processor

retrieves the horizontal permute control vector from ROM.

[0081] In a step 630, at least some of the element data values of the plurality of
element data values in the input vector is rearranged based on the set of addresses in the
horizontal permute control vector. In an example, processor 110 rearranges at least
some of the element data values of the plurality of element data values in the input
vector based on the set of addresses in the horizontal permute control vector. In

particular, the set of addresses stored in the horizontal permute control vector may be
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used to rearrange the plurality of element data values in the input vector in a horizontal

manner.

[0082] In a step 640, the rearranged plurality of element data values is placed in a
temporary vector. In an example, processor 110 places the rearranged plurality of
element data values in a temporary vector. For example, in FIG. 3, Vtmp 204 may be

the temporary vector that stores the rearranged plurality of element data values.

[0083] In a step 650, a vertical permute control vector including a plurality of
elements is identified, each element of the plurality of elements including a register
address. In an example, processor 110 identifies a vertical permute control vector
including a plurality of elements, each element of the plurality of elements including a
register address. The register addresses stored in the vertical permute control vector
may be used to write element data values from the temporary vector to at least one
vector register in a vertical manner. The vertical permute control vector may be stored
in a dynamic register or in static memory. For example, in the write instruction in FIG.
3, processor 110 may identify vector register Vd from the vector register file as the
vertical permute control vector. In another example, processor retrieves the vertical

permute control vector from ROM.

[0084] In a step 660, the element data values in the temporary vector are placed
into at least one vector register based on the register addresses in the vertical permute
control vector. In an example, processor 110 places the element data values in the
temporary vector into at least one vector register based on the register addresses in the
vertical permute control vector. For example, in FIG. 3, the element data values in the
temporary vector are placed into vector registers V4, V5, V6, and/or V7 based on the
register addresses in vector register Vd. The data element values that were stored in

input vector Vu may then be appropriately written to one or more vector registers.

[0085] It is also understood that additional method steps may be performed
before, during, or after steps 610-660 discussed above. For example, method 600 may
include a step of placing one or more element data values into a vector register. It is
also understood that one or more of the steps of method 600 described herein may be

omitted, combined, or performed in a different sequence as desired.
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V. Example Wireless Device

[0086] FIG. 7 is a block diagram illustrating a wireless device 700 including a
digital signal processor, according to an embodiment. Device 700 includes a processor,
such as a digital signal processor (DSP) 701. Instruction 201 and/or instruction 301
may stored in a memory 750, and VRF 120 may be included in DSP 701. In an
example, DSP 701 and VIR 129 may processes instruction 201 and/or instruction 301
according to one or more of FIGS. 1-4, and/or according to one or more of the methods

of FIGS. 5 and 6, or any combination thereof.

[0087] FIG. 7 also shows a display controller 730 that is coupled to DSP 701 and
to a display 732. A coder/decoder (CODEC) 734 may also be coupled to DSP 701. A
speaker 736 and a microphone 738 may be coupled to CODEC 734. Additionally, a
wireless controller 740 may be coupled to DSP 701 and to a wireless antenna 748. In an
embodiment, DSP 701, display controller 730, memory 750, CODEC 734, and wireless

controller 740 are included in a system-in-package or system-on-chip device 756.

[0088] In an embodiment, input device 730 and a power supply 760 are coupled to
system-on-chip device 756. Moreover, in an embodiment, as illustrated in FIG. 7,
display 732, input device 730, speaker 736, microphone 738, wireless antenna 748, and
power supply 760 are external to system-on-chip device 756. Each of display 732, input
device 730, speaker 736, microphone 738, wireless antenna 748, and power supply 760
may be coupled to a component of system-on-chip device 756, such as an interface or a

controller.

[0089] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchangeability of
hardware and software, various illustrative components, blocks, configurations,
modules, circuits, and steps have been described above generally in terms of their
functionality. Whether such functionality is implemented as hardware or software
depends upon the particular application and design constraints imposed on the overall
system. Skilled artisans may implement the described functionality in varying ways for
each particular application, but such implementation decisions should not be interpreted

as causing a departure from the scope of the present disclosure.
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[0090] The steps of a method described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in
random access memory (RAM), flash memory, read-only memory (ROM),
programmable read-only memory (PROM), erasable programmable read-only memory
(EPROM), electrically erasable programmable read-only memory (EEPROM), registers,
hard disk, a removable disk, a compact disc read-only memory (CD-ROM), or any other
form of storage medium known in the art. An exemplary storage medium is coupled to
the processor such that the processor can read information from, and write information
to, the storage medium. In the alternative, the storage medium may be integral to the
processor. The processor and the storage medium may reside in an application-specific
integrated circuit (ASIC). The ASIC may reside in a computing device or a user
terminal. In the alternative, the processor and the storage medium may reside as

discrete components in a computing device or user terminal.

[0091] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure is not intended
to be limited to the embodiments shown herein but is to be accorded the widest scope
possible consistent with the principles and novel features as defined by the following

claims. Thus, the present disclosure is limited only by the claims.
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Claims

What is claimed is:

1. A method for placing one or more element data values into an output
vector, comprising:

identifying a vertical permute control vector comprising a plurality of
elements, each element of the plurality of elements comprising a register address;

for each element of the plurality of elements, reading a register address
from the vertical permute control vector;

retrieving a plurality of element data values based on the register address;

identifying a horizontal permute control vector comprising a set of
addresses corresponding to an output vector; and

placing at least some of the retrieved element data values of the plurality of
element data values into the output vector based on the set of addresses in the

horizontal permute control vector.

2. The method of claim 1, further comprising:
receiving data associated with an instruction; and
splitting the received data into the plurality of elements; and

placing the plurality of elements into the vertical permute control vector.

3. The method of claim 1, wherein the retrieving a plurality of element data
values comprises using a read memory address in the vertical permute control vector as

an indirect address to retrieve a respective element data value.
4. The method of claim 1, wherein the placing at least some of the retrieved
element data values into the output vector comprises using a crossbar to place at least

some of the retrieved element data values into the output vector.

5. The method of claim 1, wherein the identifying a vertical permute control

vector comprises identifying a vector register in a vector register file.
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6. The method of claim 1, wherein the identifying a horizontal permute

control vector comprises identifying a vector register in a vector register file.

7. The method of claim 1, further comprising:
receiving a scalar value that references a data structure, wherein the
identifying a vertical permute control vector comprises identifying the vertical permute

control vector in the data structure using the scalar value.

8. The method of claim 1, further comprising:
receiving a scalar value that references a data structure, wherein the
identifying a horizontal permute control vector comprises identifying the horizontal

permute control vector in the data structure using the scalar value.

9. The method of claim 1, further comprising:

placing the retrieved plurality of element data values in a temporary vector
register, wherein the placing at least some of the retrieved element data values into the
output vector comprises permuting the temporary vector using the horizontal permute

control vector.

10. The method of claim 1, further comprising:

reading an input vector comprising a second plurality of elements;

identifying a second horizontal permute control vector comprising a
second set of addresses;

rearranging at least some of the element data values of the second plurality
of element data values in the input vector based on the second set of addresses in the
second horizontal permute control vector;

placing the second plurality of element data values in a temporary vector
based on the rearranging;

identifying a second vertical permute control vector comprising a second
plurality of elements, each element of the second plurality of elements comprising a
register address; and

placing the element data values in the temporary vector into at least one

output vector based on the register addresses in the vertical permute control vector.
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11. An apparatus, comprising:
a processor that is operable to:

identify a vertical permute control vector comprising a plurality
of elements, each element of the plurality of elements comprising a register
address;

for each element of the plurality of elements, read a register
address from the vertical permute control vector;

retrieve a plurality of element data values based on the register
addresses;

identify a horizontal permute control vector comprising a set of
addresses corresponding to an output vector; and

place at least some of the retrieved element data values into the
output vector based on the set of addresses in the horizontal permute control

vector.

12. The apparatus of claim 11, wherein the processor is further operable to:

read an input vector comprising a second plurality of elements;

identify a second horizontal permute control vector comprising a
second set of addresses;

rearrange at least some of the element data values of the second
plurality of element data values in the input vector based on the second set of addresses
in the second horizontal permute control vector;

place the second plurality of element data values in a temporary
vector based on the rearranging;

identify a second vertical permute control vector comprising a
second plurality of elements, each element of the second plurality of elements
comprising a register address; and

place the element data values in the temporary vector into at least

one output vector based on the register addresses in the vertical permute control vector.

13. The apparatus of claim 11, wherein the processor is further operable to
identify a vector register in a vector register file, and the identified vector register is the

vertical permute control vector.
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14. The apparatus of claim 11, wherein the processor is further operable to
identify a vector register in a vector register file, and the identified vector register is the

horizontal permute control vector.

15. The apparatus of claim 11, wherein the processor is further operable to
receive a scalar value that references a data structure, and the vertical permute control

vector is stored in the data structure.

16. The apparatus of claim 11, wherein the processor is further operable to
receive a scalar value that references a data structure, and the horizontal permute control

vector is stored in the data structure.

17. A computer-readable medium having stored thereon computer-executable
instructions for performing operations, comprising:
identifying a vertical permute control vector comprising a plurality of
elements, each element of the plurality of elements comprising a register address;
for each element of the plurality of elements, reading a register address
from the vertical permute control vector;
retrieving a plurality of element data values based on the reading;
identifying a horizontal permute control vector comprising a set of
addresses corresponding to an output vector; and
placing at least some of the retrieved element data values of the plurality of
element data values into the output vector based on the set of addresses in the horizontal

permute control vector.

18. An apparatus for placing one or more element data values into an output
vector, comprising:

means for identifying a vertical permute control vector comprising a
plurality of elements, each element of the plurality of elements comprising a register
address;

means for, for each element of the plurality of elements, reading a register
address from the vertical permute control vector;

means for retrieving a plurality of element data values based on the
reading;
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means for identifying a horizontal permute control vector comprising a set
of addresses corresponding to an output vector; and

means for placing at least some of the retrieved element data values of the
plurality of element data values into the output vector based on the set of addresses

in the horizontal permute control vector.

19. A method for writing element data values into an output vector,
comprising:

reading an input vector comprising a plurality of element data values;

identifying a horizontal permute control vector comprising a set of
addresses;

rearranging at least some of the element data values of the plurality of
element data values in the input vector based on the set of addresses in the horizontal
permute control vector;

placing the rearranged plurality of element data values in a temporary
vector;

identifying a vertical permute control vector comprising a plurality of
elements, each element of the plurality of elements comprising a register address; and

placing the element data values in the temporary vector into at least one

vector register based on the register addresses in the vertical permute control vector.

20. The method of claim 19, wherein the identifying a horizontal permute

control vector comprises identifying a vector register in a vector register file.

21. The method of claim 19, wherein the identifying a vertical permute control

vector comprises identifying a vector register in a vector register file.

22. The method of claim 19, further comprising:
receiving a scalar value that references a data structure, wherein the
identifying a horizontal permute control vector comprises identifying the horizontal

permute control vector in the data structure using the scalar value.
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23. The method of claim 19, further comprising:
receiving a scalar value that references a data structure, wherein the
identifying a vertical permute control vector comprises identifying the vertical permute

control vector in the data structure using the scalar value.

24. An apparatus, comprising:
a processor that is operable to:

read an input vector comprising a plurality of element data
values;

identify a horizontal permute control vector comprising a set of
addresses;

rearrange at least some of the element data values in the input
vector based on the set of addresses in the horizontal permute control vector;

place the rearranged plurality of element data values in a
temporary vector;

identify a vertical permute control vector comprising a plurality
of elements, each element of the plurality of elements comprising a register
address; and

place the element data values in the temporary vector into at least
one vector register based on the register addresses in the vertical permute

control vector.

25. A computer-readable medium having stored thereon computer-executable
instructions for performing operations, comprising:

reading an input vector comprising a plurality of element data values;

identifying a horizontal permute control vector comprising a set of
addresses;

rearranging at least some of the element data values of the plurality of
element data values in the input vector based on the set of addresses in the horizontal
permute control vector;

placing the rearranged plurality of element data values in a temporary

vector;
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identifying a vertical permute control vector comprising a plurality of
elements, each element of the plurality of elements comprising a register address; and
placing the element data values in the temporary vector into at least one

vector register based on the register addresses in the vertical permute control vector.

26. An apparatus for writing element data values into an output vector,
comprising:
means for reading an input vector comprising a plurality of element data
values;
means for identifying a horizontal permute control vector comprising a set
of addresses;
means for rearranging at least some of the element data values of the
plurality of element data values in the input vector based on the set of addresses in the
horizontal permute control vector;
means for placing the rearranged plurality of element data values in a
temporary vector;
means for identifying a vertical permute control vector comprising a
plurality of elements, each element of the plurality of elements comprising a register
address; and
means for placing the element data values in the temporary vector into at
least one vector register based on the register addresses in the vertical permute control

vector.
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A VERTICAL PERMUTE CONTROL VECTOR INCLUDING A PLURALITY OF - 51D
ELEMENTS IS IDENTIFIED, EACH ELEMENT OF THE PLURALITY OF
ELEMENTS INCLUDING A REGISTER ADDRESS

~

" FOR EACH ELEMENT OF THE PLURALITY DF ELEMENTS, AREBISTER 20
* ADDRESS FROM THE VERTICAL PERMUTE CONTROL VECTOR 1S READ

A PLURALITY BF ELEME IS RETRIEVED BASEDONTHE .+ 530

A HORIZONTAL PERMUTE CONTROL VECTOR INCLUDING A SETDF -~ Ll
ADDRESSES CORRESPONDING T0 AN OUTPUT VEETUR |5 IDENTIFIED

PERMIJTE I][INTRI]L VECTOR

FIG. 3
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AN INPUT VECTOR INCEUDING A PLURKLITY OF ELEMENT DATA | BID
VALUES IS READ

A HORIZBNTAL PERMUTE CONTROL VECTOR INCLUDING A SETOF 620

ADDRESSES IS IDENTIFIED

- ATLEAST SOME OF THE ELEMENT DATA VALUES BF THE

~ PLURALITY OF ELEMENT DATA VALUES IN THE INPUT VECTOR IS

~ REARRANGED BASED ON THE SET OF ADDRESSES IN THE
HORIZONTAL PERMUTE CONTROL VECTOR

E— T —

THE REARRANGED PLURALITY OF ELEMENT DATA VALUES IS PLACED
IN'A TEMPORARY VECTOR

¥

A VERTICAL PERMUTE CONTROL VECTOR INCLUDING A~~~ 50
PLURALITY OF ELEMENTS IS IDENTIFIED, EACH ELEMENT OF THE +
PLURALITY OF ELEMENTS INCLUDING A REGISTER ADDRESS

!
THE ELEMENT DATA VALUES IN THE TEMPORARY VECTOR ARE
PLACED INTO AT LEAST ONE OUTPUT VEETOR BASED DN THE
REGISTER ADDRESSES IN THE VERTICAL PERMUTE CONTROL
VECTOR

B0

FIG. B



WO 2014/150636 PCT/US2014/023849

1

700 /R

756 B S N L

DISPLAY - | VEMORY
CONTROLLER - Lt

BO [T VCTORREGISTER!
FILE 1 INSTRUCTION

120 NI

- CODEE ~ INSTRUCTION

MIEROPHONE
138 WIRELESS
| CONTROLLER
T4l

j

FIB. 7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/023849

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO6F9/30
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GO6F

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

WO 2006/033056 A2 (KONINKL PHILI
ELECTRONICS NV [NL]; VAN BERKEL

the whole document
paragraph [0006]

the whole document

AL) 11 October 2012 (2012-10-11)
the whole document

ET AL) 24 July 2001 (2001-07-24)
the whole document

[NL]; SRINI) 30 March 2006 (2006-03-30)
paragraph [0008] - paragraph [0009]

US 20127060016 Al (EICHENBERGER ALEXANDRE
E [US] ET AL) 8 March 2012 (2012-03-08)

US 2012/260062 Al (DERBY JEFFREY H [US] ET

US 6 266 758 B1 (VAN HOOK TIMOTHY J [US]

PS
CORNELIS H

1-26

1-26

1-26

1-26

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :
"A" document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

U=

UK

"Qr

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

21 August 2014

Date of mailing of the international search report

29/08/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Klocke, Lynn

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/023849

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2009/249026 Al (SMELYANSKIY MIKHAIL
[US] ET AL) 1 October 2009 (2009-10-01)
paragraph [0011]

paragraph [0038]

paragraph [0015] - paragraph [0017]

US 2003/167460 Al (DESAI VIPUL ANIL [US]
ET AL) 4 September 2003 (2003-09-04)
paragraph [0076]

WO 2012/024087 A2 (INTEL CORP [US];
SHEAFFER GAD S [IL])

23 February 2012 (2012-02-23)

the whole document

US 20047054879 Al (MACY WILLIAM W [US] ET
AL MACY JR WILLIAM W [US] ET AL)

18 March 2004 (2004-03-18)

paragraph [0084]

1-26

1-26

1-26

1-26

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/023849
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2006033056 A2 30-03-2006  CN 101061460 A 24-10-2007
EP 1794671 A2 13-06-2007
JP 2008513903 A 01-05-2008
WO 2006033056 A2 30-03-2006

US 2012060016 Al 08-03-2012  NONE

US 2012260062 Al 11-10-2012  NONE

US 6266758 B1 24-07-2001 US 5933650 A 03-08-1999
us 6266758 Bl 24-07-2001

US 2009249026 Al 01-10-2009 CN 101978350 A 16-02-2011
CN 103970506 A 06-08-2014
DE 112009000741 T5 26-01-2012
JP 5455936 B2 26-03-2014
JP 2011514598 A 06-05-2011
JP 2014099194 A 29-05-2014
US 2009249026 Al 01-10-2009
US 2014068226 Al 06-03-2014
WO 2009120981 A2 01-10-2009

US 2003167460 Al 04-09-2003 AU 2003207631 Al 09-09-2003
US 2003167460 Al 04-09-2003
WO 03073270 Al 04-09-2003

WO 2012024087 A2 23-02-2012  TW 201214280 A 01-04-2012
US 2012047344 Al 23-02-2012
WO 2012024087 A2 23-02-2012

US 2004054879 Al 18-03-2004  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report
	Page 39 - wo-search-report

