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(57) ABSTRACT 

A method and apparatus for calculation and storage of Single 
Instruction-Multiple-Data (SIMD) saturation history infor 
mation. A first coprocessor instruction has a first format iden 
tifying a saturation operation, a first Source having packed 
data elements and a second source having packed data ele 
ments. The Saturating operation is executed on the packed 
data elements of the first and second sources. Saturation flags 
are stored in the Wireless Coprocessor Saturation Status Flag 
(wCSSF) register to indicate ifa result of the saturating opera 
tion saturated. A second coprocessor instruction has a second 
format identifying a saturation history processing operation 
and a saturation data size. An operand for the processing 
operation is determined based on the saturation data size, and 
the processing operation is executed on the Saturation flags 
and the operand for the Saturation data size. Condition code 
flags are stored in a status register to indicate the result of 
processing operation. 
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STORING AND PROCESSING SIMD 
SATURATION HISTORY FLAGS AND DATA 

SIZE 

RELATED APPLICATIONS 

0001. This is a Continuation of application Ser. No. 
11/797,067 filed Apr. 30, 2007, which in turn is a Continua 
tion of U.S. Pat. No. 7,213,128, which issued on May 1, 2007, 
which in turn is a continuation in part of U.S. Pat. No. 6,986, 
023, which issued on Jan. 10, 2006 and claims the benefit of 
U.S. Provisional Application No. 60/409,624 filed on Sep.10, 
2002. The entire disclosure of the prior applications is hereby 
incorporated by reference herein in its entirety. 

FIELD OF THE DISCLOSURE 

0002 This disclosure relates generally to the field of pro 
cessors. In particular, the disclosure relates to calculation and 
storage of Single-Instruction-Multiple-Data (SIMD) satura 
tion history information. 

BACKGROUND 

0003. It is known to provide data processing systems 
incorporating both main processors and a coprocessor. In 
Some systems it is known to be able to provide one or more 
different coprocessors with a main processor. In this case, the 
different coprocessors can be distinguished by different 
coprocessor numbers. 
0004. A coprocessor instruction encountered in the 
instruction data stream of the main processor is issued on a 
bus coupled to the coprocessor. The one or more coprocessors 
(that each have an associated hardwired coprocessor number) 
attached to the bus examine the coprocessor number field of 
the instruction to determine whether or not they are the target 
coprocessor for that instruction. If they are the target copro 
cessor, then they issue an accept signal to the main processor. 
If the main processor does not receive an accept signal, then 
it can enter an exception state to deal with the undefined 
instruction. 
0005 One type of instruction may perform operations on 
packed data. Such instructions may be referred to as Single 
Instruction-Multiple-Data (SIMD) instructions. One set of 
SIMD instructions was defined for the Pentium(R) Processor 
with MMXTM Technology by Intel(R) Corporation and 
described in “IA-32 Intel Architecture Software Developer's 
Manual Volume 2: Instruction Set Reference,” which is avail 
able online from Intel Corporation, Santa Clara, Calif. at 
www.intel.com/design/litcentr. 
0006. Some SIMD instructions perform saturating opera 
tions on packed data, in which results of an operation, with 
saturate enabled, may be clamped when they overflow or 
underflow the range of the data by setting any results to a 
maximum or minimum value when they exceed the range's 
maximum or minimum value. Following the execution of 
Such instructions it is not readily apparent if any results were 
actually Saturated. 
0007 For some applications, it may be desirable to detect 

if and where saturation has occurred in such SIMD operations 
and to take action based upon the detection of said saturation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The present invention is illustrated by way of 
example and not limitation in the figures of the accompanying 
drawings. 
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0009 FIG. 1 illustrates one embodiment of a data process 
ing system capable of storing SIMD saturation history. 
0010 FIG. 2 illustrates alternative embodiments of a data 
processing system capable of storing SIMD saturation his 
tory. 
0011 FIG. 3 illustrates one embodiment of a coprocessor 
capable of storing SIMD saturation history. 
0012 FIG. 4 is a depiction of an operation encoding (op 
code) format for a coprocessor instruction. 
0013 FIG. 5 is a depiction of an alternative operation 
encoding (opcode) format for a coprocessor instruction. 
0014 FIG. 6 is a depiction of two alternative registers for 
storing arithmetic status flags. 
(0015 FIG. 7 illustrates one embodiment of a register for 
storing SIMD saturation history. 
0016 FIG. 8 is a depiction of alternative in-register data 
storage formats. 
0017 FIG. 9a illustrates one embodiment of a SIMD 
operation which may store SIMD saturation history. 
0018 FIG.9b illustrates an alternative embodiment of a 
SIMD operation which may store SIMD saturation history. 
0019 FIG. 9c illustrates another alternative embodiment 
of a SIMD operation which may store SIMD saturation his 
tory. 
0020 FIG.10a illustrates another alternative embodiment 
of a SIMD operation which may store SIMD saturation his 
tory. 
0021 FIG. 10b illustrates another alternative embodiment 
of a SIMD operation which may store SIMD saturation his 
tory. 
0022 FIG. 11 illustrates another alternative embodiment 
of a SIMD operation which may store SIMD saturation his 
tory. 
0023 FIG. 12 illustrates another alternative embodiment 
of a SIMD operation, which may store SIMD saturation his 
tory. 
0024 FIG. 13 illustrates another alternative embodiment 
of a SIMD operation, which may store SIMD saturation his 
tory. 
0025 FIG. 14 illustrates another alternative embodiment 
of a SIMD operation, which may store SIMD saturation his 
tory. 
0026 FIG. 15 illustrates one embodiment of an operation 
for processing SIMD saturation history. 
0027 FIG. 16 illustrates one alternative embodiment of a 
sequence of operations for processing SIMD saturation his 
tory. 
0028 FIG. 17 illustrates a flow diagram for one embodi 
ment of a process to generate and store SIMD saturation 
history. 
0029 FIG. 18 illustrates a flow diagram for an alternative 
embodiment of a process to generate and store SIMD satura 
tion history. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0030) Disclosed herein is a process and apparatus for cal 
culating and storing Single-Instruction-Multiple-Data 
(SIMD) saturation history information. A coprocessor 
instruction has a format identifying a saturating operation, a 
first source having packed data elements and a second source 
having packed data elements. The saturating operation is 
executed on the packed data elements of the first and second 
Sources. One embodiment of Saturation flags are stored at 
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least in part in bits zero through seven of a Wireless Copro 
cessor Saturation Status Flag (wCSSF) register to indicate if 
a result of the saturating operation Saturated. 
0031. These and other embodiments of the present inven 
tion may be realized in accordance with the following teach 
ings and it should be evident that various modifications and 
changes may be made in the following teachings without 
departing from the broader spirit and scope of the invention. 
The specification and drawings are, accordingly, to be 
regarded in an illustrative rather than restrictive sense and the 
invention measured only in terms of the claims and their 
equivalents. 
0032 For the purpose of the following discussion of 
embodiments of the present invention, illustrative terms are 
used. Definitions for certain such illustrative terms follows. 
0033. A data processing device or system may be under 
stood to mean any one of a variety of devices or systems for 
accessing data and/or communications. Examples includebut 
are not limited to any combinations of one or more of the 
following: laptop computers, notebook computers; desktop 
computers, personal digital assistants, handheld computers, 
personal organizers; palmtop computers, pocket computers, 
cellular telephone/fax devices, game computers, digitizing 
tablet devices, electronic books, or digital audio recorder/ 
players. 
0034. A register is any device capable of storing and pro 
viding data. Further functionality of a register with respect to 
data formats is described below. A register is not necessarily, 
included on the same die or in the same package as the 
processor. 
0035. A wireless device or interface may be understood to 
mean any one of a variety of devices or interfaces for wireless 
communications. Examples include but are not limited to any 
combination of devices for one or more of the following: 
short-range radio, satellite communications, wireless local 
area networks, wireless telephony, cellular digital packet 
data, home radio frequency, narrowband time-division mul 
tiple access, code-division multiple access, wideband code 
division multiple access, wireless fidelity or short message 
service. 
0036. It will be appreciated that the invention may be 
modified in arrangement and detail by those skilled in the art 
without departing from the principles of the present invention 
within the scope of the accompanying claims and their 
equivalents. 
0037 Turning now to FIG. 1, one embodiment of a data 
processing system 101 capable of storing SIMD saturation 
history is illustrated. One embodiment of data processing 
system 101 is an Intel(R). Personal Internet Client Architecture 
(Intel(R) PCA) applications processors with Intel XScale(a) 
technology (as described on the world-wide web at developer. 
intel.com). It will be readily appreciated by one of skill in the 
art that the embodiments described herein can be used with 
alternative processing systems without departure from the 
Scope of the invention. 
0038. Data processing system 101 comprises a processing 
core 120 capable of performing SIMD operations and storing 
SIMD saturation history. For one embodiment of processing 
core 120, a register file 142 provides storage locations for 
storing SIMD saturation history. Processing core 120 is 
coupled with bus 114 for communicating with various other 
system devices, which may include but are not limited to, for 
example, synchronous dynamic random access memory 
(SDRAM) control 121, static random access memory 
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(SRAM) control, burst flash memory interface 123, personal 
computer memory card international association (PCMCIA)/ 
compact flash (CF) card control 124, liquid crystal display 
(LCD) control 125, direct memory access (DMA) controller 
126, and alternative bus master interface 127. 
0039. In one embodiment, data processing system 101 
may also comprise an I/O bridge 130 for communicating with 
various I/O devices via an I/O bus 135. Such I/O devices may 
include but are not limited to, for example, universal asyn 
chronous receiver/transmitter (UART) 131, universal serial 
bus (USB) 132, Bluetooth wireless UART 133 and I/O expan 
sion interface 134. 
0040. One embodiment of data processing system 101 
provides for mobile, network and/or wireless communica 
tions and a processing core 120 capable of performing SIMD 
operations and storing SIMD saturation history. Processing 
core 120 may be programmed with various audio, video, 
imaging and communications algorithms. It will be appreci 
ated that these algorithms may include digital signal process 
ing (DSP) building blocks, which may benefit from SIMD 
operations, such as: convolutions; auto-correlation functions 
(ACF) or cross-correlation functions (CCF); digital filters 
such as finite impulse response filters (FIR), adaptive filters 
(AF) which include, for example, least mean squared (LMS) 
error algorithms for echo cancellation, or infinite impulse 
response filters (IIR); discrete transformations such as a fast 
Fourier transform (FFT), a discrete cosine transform (DCT), 
and their respective inverse transforms; compression/decom 
pression techniques such as color space transformation, video 
encode motion estimation or video decode motion compen 
sation; and modulation/demodulation (MODEM) functions 
such as pulse coded modulation (PCM). 
0041. It will also be appreciated that such DSP building 
block algorithms may be designed to process fixed-point data 
in a SIMD fashion. Since fixed-point data has a more limited 
dynamic range than floating-point data, Such algorithms may 
make use of Saturation to avoid worst case wrap-around 
effects. For Some applications, trade-offs may be made 
between higher quality results for average case data and worst 
case wrap-around results. In applications such as these and in 
other applications, detection of Saturation history may pro 
vide for greater flexibility, for example, providing higher 
quality for the average case and detecting Saturation to make 
adjustments in the algorithm for the worst case. 
0042 FIG. 2 illustrates alternative embodiments of a data 
processing system capable of storing SIMD saturation his 
tory. In accordance with one alternative embodiment, data 
processing system 201 may include a main processor 224, a 
multimedia coprocessor 226, a cache memory 228 and an 
input/output system 232. The input/output system 232 may 
optionally be coupled to a wireless interface 233. Multimedia 
coprocessor 226 is capable of performing SIMD operations 
and storing SIMD saturation history. For one embodiment of 
multimedia coprocessor 226, a register file 242 provides Stor 
age locations for storing SIMD saturation history. 
0043. In operation, the main processor 224 executes a 
stream of data processing instructions that control data pro 
cessing operations of a general type including interactions 
with the cache memory 228, and the input/output system 232. 
Embedded within the stream of data processing instructions 
are coprocessor instructions. The main processor 224 recog 
nizes these coprocessor instructions as being of a type that 
should be executed by an attached coprocessor 226. Accord 
ingly, the main processor 224 issues these coprocessor 
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instructions on the coprocessor bus 236 from where they are 
received by any attached coprocessors. In this case, the copro 
cessor 226 will accept and execute any received coprocessor 
instructions that it detects are intended for it. This detection is 
via the combination of a coprocessor number field and valid 
instruction encoding for the designated coprocessor, within 
the coprocessor instruction. 
0044) Data may be received via wireless interface 233 for 
processing by the coprocessor instructions. For one example, 
Voice communication may be received in the form of a digital 
signal, which may be processed by the coprocessor instruc 
tions to regenerate digital audio samples representative of the 
Voice communications. For another example, compressed 
audio and/or video may be received in the form of a digital bit 
stream, which may be processed by the coprocessor instruc 
tions to regenerate digital audio samples and/or motion video 
frames. 

0045. In accordance with another alternative embodiment, 
data processing system 201 may include a processing core 
220, a cache memory 228 and an input/output system 232. 
The input/output system 232 may optionally be coupled to a 
wireless interface 233. Processing core 220 is capable of 
performing SIMD operations and storing SIMD saturation 
history. For one embodiment of processing core 220, an 
execution core 224 and a SIMD coprocessor are integrated 
into a single processing core 220 comprising a register file 
242 to provide storage locations for storing SIMD saturation 
history. 
0046 For one embodiment of processing core 220, 
instructions can be conditionally executed. Conditionally 
executed includes instructions that have an associated condi 
tion that is checked by determining if flags 225a and 225b 
match the condition associated with the instruction. 
0047 Referring to FIG. 3, one embodiment of a multime 
dia coprocessor 301 may include a coprocessor interface unit 
(CIU)334 including a transfer buffer 346. The transfer buffer 
346 may facilitate transfers to a coprocessor register (MCR) 
and transfers from a coprocessor (MRC). In one embodiment, 
as shown, the CIU 334 may detect and/or identify coproces 
sor instructions intended for multimedia coprocessor 301. 
The CIU 334 may also include a store buffer 348 and a load 
buffer 350. The CIU 334 communicates with a multiply accu 
mulate unit 336, a shift and permute unit 338, and an arith 
metic logic unit (ALU) 340. The CGR344 contains auxiliary 
registers. A plurality of multiplexers (MUX) facilitate the 
data transfer between various units. 
0048 Register file (RF) unit 342 may include a plurality of 
registers. One embodiment of RF unit 342 includes sixteen 
data registers 342a-342p and eight status and control registers 
342r-342y. For one alternative embodiment of RF unit 342, 
the data registers comprise 64 bits of data and the status and 
control registers comprise 32 bits of data. For another alter 
native embodiment of RF unit 342, the data registers com 
prise 128 bits of data to provide for wider SIMD operations 
and the status and/or control registers comprise 64 or more 
bits of data. 
0049. In on embodiment of coprocessor 301 instructions, 
up to three registers may be assigned. For one embodiment of 
coprocessor 301, up to two source registers and one destina 
tion register may be assigned to an instruction. For an alter 
native embodiment of coprocessor 301, one or more source 
registers and/or a destination register may be implicit to an 
instruction. A primary Source register may be designated 
wRn, a secondary source register may be designated wrim, 

Aug. 28, 2008 

and a destination register may be designated wrd in accor 
dance with one embodiment of coprocessor 301. 
0050 Turning next to FIG. 4, in some alternative embodi 
ments, 64 bit single instruction multiple data (SIMD) arith 
metic operations may be performed through a coprocessor 
data processing (CDP) instruction. Operation encoding (op 
code) format 401 depicts one such CDP instruction having 
CDPopcode fields 411 and 418. The type of CDP instruction, 
for alternative embodiments of SIMD arithmetic operations, 
may be encoded by one or more of fields 412, 413, 416 and 
417. Three operands per instruction may be used, including 
up to two source 414 and 419 operands and one destination 
415 operand. The coprocessor can operate on 8, 16, 32, and 64 
bit values and instructions may be executed conditionally, in 
some embodiments, using condition field 410. For some 
instructions source data sizes may be encoded by field 412. 
0051. In some cases, multiplication, addition and subtrac 
tion can be performed, as well as addition with carry. Zero 
(Z), negative (N), carry (C), and overflow (V) detection can be 
done on SIMD fields. Also, signed Saturation or unsigned 
saturation to the SIMD field width can be performed for some 
operations. For instructions in which Saturation is enabled, 
saturation detection can be done on SIMD fields. For some 
instructions, the type of saturation may be encoded by field 
413. For other instructions, the type of saturation may be 
fixed. 

0.052 FIG. 5 is a depiction of an alternative operation 
encoding (opcode) format 501 for a coprocessor instruction. 
Opcode format 501 depicts a move from coprocessor (MRC) 
instruction or a move to coprocessor (MCR) instruction hav 
ing MRC and MCR opcode fields 511,513 and 518. The type 
of MRC or MCR instruction may be encoded by one or more 
of fields 512, 513, 516 and 517, field 513 distinguishing 
between an MRC or an MCR instruction. Up to three oper 
ands per instruction may be used, including up to two source 
514 and 519 operands and one destination 515 operand. In 
alternative embodiments, the coprocessor can transfer 1-8, 
16, 32, and/or 64bit values. For some instructions source data 
sizes may be encoded by field 512. For other instructions 
source data sizes may be encoded by field 517. For some 
instructions source field 512 may encode what type of arith 
metic or saturation flags to transfer and/or combine. Instruc 
tions may also be executed conditionally, in some embodi 
ments, using condition field 510. 
0053) One alternative operation encoding (opcode) format 
corresponds with the general integer opcode format, having 
twenty-four, thirty-two or more bits, described in the “IA-32 
Intel Architecture Software Developer's Manual Volume 2: 
Instruction Set Reference,” which is available online from 
Intel Corporation, Santa Clara, Calif. at www.intel.com/de 
sign/litcentr. It will be appreciated that one or more of fields 
412, 413, 416 and 417 may all be combined into one large 
opcode field comprising bits six through twenty-three orbits 
six through thirty-one of this format. For some instructions, 
bits three through five are to identify a first source operand 
address. In one embodiment, where there is a first source 
operand address, then bits three through five also correspond 
to the destination operand address. Bits Zero through two may 
identify a second source operand address. In an alternate 
embodiment, where bits zero through two identify a second 
Source operand address, then bits Zero through two also cor 
respond to the destination operand address. For other instruc 
tions, bits three through five represent an extension to the 
opcode field. In one embodiment, this extension allows a 
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programmer to include an immediate value with the control 
signal, such as a shift count value. In one embodiment, the 
immediate value follows the control signal. This general for 
mat allows register to register, memory to register, register by 
memory, register by register, register by immediate, register 
to memory addressing. Also, in one embodiment, this general 
format can Support integer register to register, and register to 
integer register addressing. 
0054 FIG. 6 is a depiction of two alternative registers, 
wireless coprocessor arithmetic status flags (wCASF) regis 
ter 601 and current program status register (CPSR) 602 for 
storing arithmetic status flags. One embodiment of woASF 
register 601 comprises, SIMD fields 610-617, each storing a 
set 620 of arithmetic flags to indicate negative (N) Zero (Z) 
carry out (C) and overflow (V). For one alternative embodi 
ment of woASF register 601, each of SIMD fields 610-617 
includes a flag to indicate saturation history. CPSR 602 com 
prises mode field 633, control field 632, reserved field 631 
and condition code flags set 630. Condition code flags set 630 
indicate negative (N) Zero (Z) carry out (C) overflow (V) and 
optionally saturation (Q). 
0055 FIG. 7 illustrates one embodiment of a wireless 
coprocessor saturation status flags (wCSSF) register 701 for 
storing SIMD saturation history. One embodiment of woSSF 
register 701 comprises reserved field 718 and SIMD fields 
710-717, each storing saturation history according to whether 
saturation has occurred at a particular byte, half word or word 
position. For one alternative embodiment of woSSF register 
701, reserved field 718 comprises SIMD fields for storing 
saturation history of packed data in a most significant double 
word. 

0056. For one embodiment of woSSF register 701, satu 
ration history stored in SIMD fields 710-717 is sticky. That is 
to say SIMD fields 710-717 remain set until explicitly 
cleared, for example, by reset or by writing to the w(SSF 
register 701. For one alternative embodiment of woSSF reg 
ister 701, saturation history stored in SIMD fields 710-717 is 
not sticky and Zero is written to SIMD fields 710-717 accord 
ing to whether saturation has not occurred in an operation at 
a particular byte, half word or word position. For another 
alternative embodiment of woSSF register 701, reserved field 
718 comprises SIMD fields for storing saturation history of 
packed data that is not sticky. For one alternative embodiment 
of woSSF register 701, saturation history stored in lower 
unused SIMD fields 710-717 is not cleared to Zero for 16- or 
32-bit SIMD operations when saturation occurs at aparticular 
half word or word position. 
0057 For one embodiment of woSSF register 701: satu 
ration history stored in SIMD field 717 indicates saturation 
for byte 7, half word 3, word 1, or double word 0; saturation 
history stored in SIMD field 716 indicates saturation for byte 
6; saturation history stored in SIMD field 715 indicates satu 
ration for byte 5 or half word 2; saturation history stored in 
SIMD field 714 indicates saturation for byte 4: Saturation 
history stored in SIMD field 713 indicates saturation for byte 
3, half word 1 or word 0; saturation history stored in SIMD 
field 712 indicates saturation for byte 2: Saturation history 
stored in SIMD field 711 indicates saturation for byte 1 or half 
word 0; and saturation history stored in SIMD field 710 
indicates saturation for byte 0. 
0058. It will be appreciated that algorithms designed to 
process fixed-point data in a SIMD fashion, may make use of 
saturation to avoid worst case wrap-around effects. Detection 
of Saturation history may provide for greater design flexibil 
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ity, for example, providing higher quality for the average case 
and detecting Saturation to make computational adjustments 
Such as rescaling of coefficients for the worst case. 
0059 FIG. 8 illustrates alternative in-register fixed-point 
data storage formats. Each packed data includes more than 
one independent data element. Three packed data formats are 
illustrated; packed byte 801, packed half word 802 and 
packed word 803 together with double word 804. One 
embodiment of packed byte 801 is sixty-four bits long con 
taining eight data elements. Each data element is one byte 
long. One alternative embodiment of packed byte 801 is one 
hundred twenty-eight bits long containing sixteen data ele 
ments. Generally, a data element is an individual piece of data 
that is stored in a single register (or memory location) with 
other data elements of the same length. In one embodiment of 
the present invention, the number of data elements stored in a 
register is sixty-four bits divided by the length in bits of a data 
element. In an alternative embodiment of the present inven 
tion, the number of data elements stored in a register is one 
hundred twenty-eight bits divided by the length in bits of a 
data element. 
0060. One embodiment of packed word 802 is sixty-four 
bits long and contains four half word data elements. Each half 
word data element contains sixteen bits of information. 
0061. One embodiment of packed word 803 is sixty-four 
bits long and contains two word data elements. Each word 
data element contains thirty-two bits of information. 
0062. It will be appreciated that such packed data formats 
may be further extended, for example, to 96-bits, 128-bits, 
160-bits, 192-bits, 224-bits, 256-bits or more. 

Description of Saturate/Unsaturate 
0063 As mentioned previously, opcode field 413 indicates 
for Some operations whether said operations optionally satu 
rate. Where the result of an operation, with saturate enabled, 
overflows or underflows the range of the data, the result will 
be clamped. Clamping means setting the result to a maximum 
or minimum value should a result exceed the range's maxi 
mum or minimum value. In the case of underflow, Saturation 
clamps the result to the lowest value in the range and in the 
case of overflow, to the highest value. The allowable range for 
each data format of one embodiment is shown in Table 1. 

TABLE 1 

Data Format Minimum Value Maximum Value 

Unsigned Byte O 255 
Signed Byte -128 127 
Unsigned Half word O 65535 
Signed Half word -32768 32767 
Unsigned Word O 232 - 1 
Signed Word -231 231 - 1 
Unsigned Double word O 264 - 1 
Signed Double word 263 263 - 1 

0064. As mentioned above, opcode field 413 indicates for 
Some operations whether saturating operations are being per 
formed. Therefore, using the unsigned byte data format, if an 
operation's result=258 and saturation was enabled, then the 
result would be clamped to 255 before being stored into the 
operation's destination register. Similarly, if an operation's 
result=-32999 and coprocessor 226 used a signed word data 
format with saturation enabled, then the result would be 
clamped to -32768 before being stored into the operation's 
destination register. 
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0065. With no saturation, only the lower bits of the result 
are presented. With unsigned saturation (US), the bits from 
Zero to the maximum unsigned value may be presented. With 
signed Saturation (SS), bits from the maximum positive to the 
maximum negative values are presented. In the pseudocode 
that follows the saturation types US and SS are indicated in 
curly brackets, {US, SS}, to indicate they are optional, but it 
will be appreciated that for some alternative embodiments of 
certain operations Saturation may not be optional. 
0066 For example a saturating operation having a full 
word (32bit) source data in the least significant word position 
of register wFn and half word (16 bit) result data in the least 
significant half word position of register wrod is indicated as 
follows: 

0067 
16); 

and Saturation is optionally performed to the minimum and 
maximum unsigned or the minimum and maximum signed 
values represented by 16 bits. 
0068 FIG.9a illustrates one embodiment of a SIMD pack 
operation, which may store SIMD saturation history. The 
pack operation packs data from two source registers into a 
single destination register. The source data can be a half word, 
word, or double word. It can use signed Saturation and 
unsigned Saturation during packing. An operation encoding 
for one embodiment of the pack operation is may be summa 
rized as shown in Table 2. 

TABLE 2 

wRd half 0<-saturate(wlRnword 0), US.SS}, 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 ww.ss wRn wRd 0000 100 O wRm 

Aug. 28, 2008 

0069. The values in bit positions 23 and 22 determine the 
Source data size. A half word Source data size is set for a value 

of 01, the word source data size is set for a value of 10, and a 
double word source data size is set for a value of 11. For one 

embodiment of the pack operation the result data size is half 
of the source data size but the invention is not so limited. 

0070 The values in positions 21 and 20 determine the 
saturation type. Unsigned Saturation is specified by a value of 
01 and signed saturation is specified by a value of 11. The 
saturation specified is performed to the result data size. For 
one embodiment of the pack operation, all source data are 
treated as signed values but the invention is not so limited. 
0071. For one embodiment of the pack instruction, data 
from wirin and wrim is packed into wRd, with wirm being 
packed in the upper half and wirin being packed in the lower 
half for vectors of 16, 32, or 64bit source data and 8, 16, and 
32-bit result data respectively. For example, a pack operation 
packing words into halfwords is illustrated in FIG.9a. Source 
register wrim contains word data 914 and 913, which are 
packed into half word result data 918 and 917 respectively. 
Source register wFm contains word data 912 and 911, which 
are packed into half word result data 916 and 915 respec 
tively. The results are saturated according to the Saturation 
specified and placed in destination register wrod. 
0072 For one embodiment of the pack operation, packing 
can be performed with signed or unsigned saturation as 
shown below and SIMD saturation history may be stored 
according to which result data Saturate. For a half word Source 
data and byte result data: 

wRdbyte 7) <-saturate(wRmhalf3), {US.S.S., 8)); 
wCSSFIbit 7 -(saturate(wRmhalf3), {US.S.S., 8)) z wRmhalf3) | woSSF bit 7): 
wRdbyte 6) <-saturate(wRmhalf 2), {US.S.S., 8): 
wCSSFIbit 6 -(saturate(wRmhalf2), {US.S.S., 8)) z wRmhalf 2) I woSSF bit 6): 
wRdbyte 5 -saturate(wRmhalf 11, {US.S.S., 8): 
wCSSFIbit 5 -(saturate(wRmhalf1l, {US.S.S., 8)) z wRmhalf 11) wCSSF bit 5: 
wRdbyte 4) <-saturate(wRmhalf O), {US.S.S., 8): 
wCSSFIbit 4 -(saturate(wRmhalf 0), {US.S.S., 8)) z wRmhalf O))) wCSSF bit 4): 
wRdbyte 3 (-saturate(wRn half3), {US.S.S., 8): 
wCSSFIbit 3 -(saturate(wRn half3), {US.S.S., 8)) z wRn half3) | woSSFIbit 3): 
wRdbyte 2 <-saturate(wRn half 2), {US.S.S., 8): 
wCSSFIbit 2-(saturate(wRn half 21, {US.S.S., 8)) z wRn half 21) wCSSFIbit 2): 
wRdbyte 1 <-saturate(wRn half 11, {US.S.S., 8): 
wCSSFIbit 1 -(saturate(wRn half1l, {US.S.S., 8)) z wRn half 11)|wcSSFIbit 1): 
wRdbyte 0 <-saturate(wRn half O), {US.S.S., 8): 
wCSSFIbit 0 <-(saturate(wRn half 0), {US.S.S., 8)) z wRn half O))) wCSSFIbit Ol: 

0073. For full word source data and half word result data: 

wRd half3 (-saturate(wRmword 1), {US,SS, 16); 
wCSSFIbit 7 -(saturate(wRmword 1), {US,SS, 16)) z wRm?word 1) I woSSF bit 7): 
wRd half 2 C-saturate(wRmword O), {US,SS, 16); 
wCSSFIbit 5 -(saturate(wRmword O), {US,SS, 16)) z wRm?word O))) wCSSF bit 5); 
wRd half 1 <-saturate(wRnword 1), {US,SS, 16); 
wCSSFIbit 3-(saturate(wRnword 1), {US,SS, 16)) z wRnword 1) I woSSFIbit 3): 
wRd half 0 <-saturate(wRnword O), {US,SS, 16); 
wCSSFIbit 1-(saturate(wRnword O), {US,SS, 16)) z wRnword O))) wCSSFIbit 1): 
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0.074 For double word source data and word result data: 

wRdword 1<-saturate(wRm, {US,SS, 32); 
wCSSFIbit 7 -(saturate(wRm, {US,SS, 32)) z wRm) | woSSFIbit 7): 
wRdword Oe-saturate(wRn, {US,SS, 32); 
wCSSFIbit 3-(saturate(wRn, {US,SS}, 32)) z wRn) | woSSFIbit 3): 

0075 For one embodiment of the pack operation the 
SIMD saturation history is sticky as shown above, wherein 
the saturation bit will stay set after being set once. For an 
alternative embodiment, the SIMD saturation history is not 
Sticky. An example of packing double word Source data to 
word result data with non-sticky SIMD saturation history 
follows: 

wRdword 1<-saturate(wRm, {US,SS, 32); 
wCSSFIbit 7 -(saturate(wRm, {US,SS, 32)) z wRm); 
wCSSF bit 6-bit 4 s-000; 
wRdword Oe-saturate(wRn, {US,SS, 32); 
wCSSF bit 3 (saturate(wRn, {US,SS, 32)) z wRn); 
wCSSF bit 2-bit 0 <-000; 

0076 FIG.9b illustrates an alternative embodiment of a 
SIMD add operation which may store SIMD saturation his 
tory. The add instruction performs vector addition of source 
register (wirin and wirm) contents for vectors of 8, 16, or 32 
bit signed or unsigned data. The instruction places the result 
in destination register wFd. For one embodiment of the add 
operation, Saturation can be specified as signed, unsigned, or 
no saturation. 
0077. An operation encoding for one embodiment of the 
SIMD add operation is may be summarized as shown in Table 
3. 

TABLE 3 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 ww.ss wRn wRd 0001 100 O wRm 

0078. The values in bit positions 23 and 22 determine the 
Source data size. A byte source data size is set for a value of 
00, a half word source data size is set for a value of 01, and a 
word source data size is set for a value of 10. For one embodi 
ment of the SIMD add operation the result data size is the 
same as the source data size but the invention is not so limited. 
For an alternative embodiment of the SIMD add operation the 
result data size is less than the source data size. 
0079. The values in positions 21 and 20 determine the 
saturation type. No saturation is specified by a value of 00, 
unsigned Saturation is specified by a value of 01 and signed 
saturation is specified by a value of 11. The Saturation speci 
fied is performed to the result data size. 
0080 For example, a SIMD add operation adding half 
words is illustrated in FIG.9b. Source register wFn contains 
half word data 924,923,922 and 921, which are added to half 
word data 928, 927, 926 and 925 respectively of register 
wRm. The respective half word results, 938, 937, 936 and 
935, are saturated according to the saturation specified and 
placed in destination register wFd. For one embodiment of 
the SIMD add operation, addition can be performed with 
signed or unsigned saturation as shown below and SIMD 
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saturation history may be stored according to which result 
data saturate. For byte result data: 

wRdbyte 7 -saturate(wRnbyte 7+wRmbyte 7), {US.S.S., 8) 
wCSSF bit 7 s-(wRdbyte 7 z (wRn byte 7+wRmbyte 7) ) 
wCSSFbit 7 
wRdbyte 6 C-saturate(wRnbyte 6+wRmbyte 6), {US.S.S., 8) 
wCSSF bit 6 s-(wRdbyte 6) z (wRn byte 6+wRmbyte 6))) 
wCSSFbit 6 
wRdbyte 5 -saturate(wRnbyte 5+wRmbyte 5), {US.S.S., 8) 
wCSSF bit 5 s-(wRdbyte 5 z (wRn byte 5+wRmbyte 5))) 
wCSSFbit S 
wRdbyte 4 C-saturate(wRnbyte 4+wRmbyte 4), {US.S.S., 8) 
wCSSF bit 4 (-(wRdbyte 4 z (wRnbyte 4+wRmbyte 4))) 
wCSSFbit 4 
wRdbyte 3 (-saturate(wRnbyte 3+wRmbyte 3), {US.S.S., 8) 
wCSSF bit 3 s-(wRdbyte 3 z (wRn byte 3+wRmbyte 3))) 
wCSSFbit 3 
wRdbyte 2 C-saturate(wRnbyte 2+wRmbyte 2), {US.S.S., 8) 
wCSSF bit 2 s-(wRdbyte 2 z (wRn byte 2+wRmbyte 2))) 
wCSSFbit 2 
wRdbyte 1 <-saturate(wRnbyte 1+wRmbyte 1), {US.S.S., 8) 
wCSSF bit 1 s-(wRdbyte 1z (wRn byte 1+wRn byte 1)) 
wCSSFbi 
wRdbyte 0 <-saturate(wRnbyte O+wRmbyte O), {US.S.S., 8) 
wCSSF bit Os-(wRdbyte Oz (wRn byte O+wRn byte O))) 
wCSSFbit O 

0081 For half word result data: 

wRd half3 (-saturate(wRn half3+wRimhalf3), {US,SS, 16) 
wCSSF bit 7 s-(wRd half3 z (wRn half3+wRmhalf3) ) 
wCSSF bit 7) 
wRd half 2 C-saturate(wRn half 2+wRimhalf 2), {US,SS, 16) 
wCSSF bit 5 s-(wRd half 2 z (wRn half 2+wRmhalf 2))) 
wCSSF bit 5 
wRd half 1 <-saturate(wRn half 1+wRimhalf1), {US,SS, 16) 
wCSSF bit 3 s-(wRd half 1 z (wRn half 1+wRmhalf 1)) 
wCSSF bit 3) 
wRd half 0 <-saturate(wRn half O+wRimhalf O), {US,SS, 16) 
wCSSF bit 1 s-(wRd half Oz (wRn half O+wRmhalf O))) 
wCSSF bit 1) 

0082 For word result data: 

wRdword 1<-saturate(wRnword 1+wRmword 1), {US,SS, 32) 
wCSSF bit 7 (-(wRdword 1z (wRnword 1+wRmword 1)) | 
wCSSF bit 7) 
wRdword Oe-saturate(wRnword O+wRmword O), {US,SS, 32) 
wCSSF bit 3 -(wRdword Oz (wRnword O+wRmword O))| 
wCSSF bit 3) 

I0083. For one embodiment of the SIMD add operation the 
SIMD saturation history is sticky as shown above. For an 
alternative embodiment, the SIMD saturation history is not 
Sticky. 
008.4 FIG. 9c illustrates another alternative embodiment 
of a SIMD subtract operation which may store SIMD satura 
tion history. The subtract instruction performs vector subtrac 
tion of source register (wkin and wirm) contents for vectors of 
8, 16, or 32bit signed or unsigned data. The instruction places 
the result in destination register wFd. For one embodiment of 
the Subtract operation, Saturation can be specified as signed, 
unsigned, or no saturation. 
I0085. An operation encoding for one embodiment of the 
SIMD subtract operation may be summarized as shown in 
Table 4. 
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TABLE 4 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 ww.ss wRn wRd 0001 101 O wRm 

I0086. The values in bit positions 23 and 22 determine the 
source data size. For one embodiment of the SIMD subtract 
operation data size is specified in the same way as the SIMD 
add operation. The values in positions 21 and 20 determine 
the saturation type. For one embodiment of the SIMD sub 
tract operation Saturation is specified in the same way as the 
SIMD add operation. 
0087. For example, a SIMD subtract operation subtracting 
half words is illustrated in FIG. 9c. Source register wFn 
contains half word data 924, 923,922 and 921, from which 
are subtracted half word data 928,927,926 and 925 respec 
tively of register wFm. The respective half word results, 948, 
947, 946 and 945, are saturated according to the saturation 
specified and placed in destination register wrod. For one 
embodiment of the SIMD subtraction operation, subtraction 
can be performed with signed or unsigned saturation as 
shown below and SIMD saturation history may be stored 
according to which result data saturate. For byte result data: 

byte 7 (-saturate(wRn(byte 7-wRmbyte 7), {US.S.S., 8) 
bit 7 s-(wRdbyte 7z (wRn byte 7-wRmbyte 7) ) s 
e 6 C-saturate(wRnbyte 6-wRmbyte 6), {US.S.S., 8) 
bit 6 (-(wRdbyte 6 z (wRnbyte 6-wRmbyte 6) ) s 
e5-saturate(wRnbyte 5-wRmbyte 5), {US.S.S., 8) 
bit 5-(wRdbyte 5 z (wRn byte 5-wRmbyte 5))) s 
e 4 C-saturate(wRnbyte 4-wRmbyte 4), {US.S.S., 8) 

<-(wRdbyte 4 z (wRnbyte 4-wRmbyte 4))) s 

b 2 

e3e-saturate(wRnbyte 3-wRmbyte 3), {US,SS), 8) 
bit 3 -(wRdbyte 3 z (wRnbyte 3-wRmbyte 3) ) s 

<-saturate(wRnbyte 2-wRmbyte 2), {US.S.S., 8 
bit 2 6-(wRdbyte 2 z (wRnbyte 2-wRmbyte 2) ) s 

) 

e 1 <-saturate(wRnbyte 1-wRmbyte 1), {US,SS, 8 
bit 1 -(wRdbyte 1z (wRnbyte 1-wRmbyte 1)) s 

<-saturate(wRnbyte O-wRmbyte O), {US.S.S., 8 
<-(wRdbyte Oz (wRnbyte O-wRmbyte O))) O y s s t s 

O 

0088. For half word result data: 

wRd half3 (-saturate(wRn half3-wRimhalf3), {US,SS, 16) 
wCSSF bit 7 s-(wRd half3 z (wRn half 3-wRmhalf3) ) 
wCSSF bit 7) 
wRd half 2 C-saturate(wRn half 2-wRimhalf 2), {US,SS, 16) 
wCSSF bit 5 s-(wRd half 2 z (wRn half 2-wRmhalf 2))) 
wCSSF bit 5 
wRd half 1 <-saturate(wRn half 11-wRimhalf 11, {US,SS, 16) 
wCSSF bit 3 s-(wRd half 1 z (wRn half 11-wRmhalf 1)) 
wCSSF bit 3) 
wRd half 0 <-saturate(wRn half 0-wRimhalf O, (US,SS, 16) 
wCSSF bit 1-(wRd half Oz (wRn half O-wRmhalf O))) 
wCSSF bit 1) 
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0089. For word result data: 

wRdword 1<-saturate(wRnword 1-wRmword 1), {US,SS, 32) 
wCSSF bit 7 (-(wRdword 1z (wRnword 1-wRmword 1)) | 
wCSSF bit 7) 
wRdword Oe-saturate(wRnword O-wRmword O), {US,SS, 32) 
wCSSF bit 3 -(wRdword Oz (wRnword O-wRmword O))| 
wCSSF bit 3) 

(0090. For one embodiment of the SIMD subtract opera 
tion the SIMD saturation history is sticky as shown above. For 
an alternative embodiment, the SIMD saturation history is not 
Sticky. 
(0091. It will be appreciated that SIMD operations, which 
may store SIMD saturation history can be used to perform 
essential computations on packed data and conversions 
between representations of varying precision. One embodi 
ment of processing core 120 or of processing core 220 or of 
coprocessor 226 or of coprocessor 301 can execute SIMD 
instructions to perform a SIMD pack, a SIMD add and a 
SIMD subtract operation, each of which may store SIMD 
saturation history. One alternative embodiment of processing 
core 120 or of processing core 220 or of coprocessor 226 or of 
coprocessor 301 can execute other SIMD instructions to per 
form operations which may store SIMD saturation history. 
0092 FIG.10a illustrates another alternative embodiment 
of a SIMD complex subtraction-addition operation, which 
may store SIMD saturation history. One embodiment of the 
complex Subtraction-addition instruction performs complex 
vector Subtraction-addition of Source register (wkin and 
wRm) contents for vectors of 16 bit signed data. An alterna 
tive embodiment of the complex subtraction-addition instruc 
tion performs complex vector Subtraction-addition for vec 
tors of 8, 16, or 32 bit signed or unsigned data. The instruction 
places the result in destination register wFd. For one embodi 
ment of the complex vector Subtraction-addition operation, 
signed saturation of result data is performed. For an alterna 
tive embodiment of the complex vector subtraction-addition 
operation, Saturation can be specified as signed, unsigned, or 
no saturation. 
0093. An operation encoding for one embodiment of the 
SIMD complex subtraction-addition operation may be sum 
marized as shown in Table 5. 

TABLE 5 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 1101 wRn wRd 0001 110 O wRim 

0094 For example, a SIMD complex subtraction-addition 
operation on half word data is illustrated in FIG. 10a. Source 
register wFn contains half word data 1013 and 1011, from 
which are subtracted half word data 1018 and 1016 respec 
tively of register wFm. The respective half word results, 1027 
and 1025, are saturated and placed in destination register 
wRd. Source register wrin also contains half word data 1014 
and 1012, to which are added half word data 1017 and 1015 
respectively of register wRm. The respective half word 
results, 1028 and 1026, are saturated and placed in destination 
register wrod. For one embodiment of the SIMD complex 
Subtraction-addition operation, Subtraction and addition can 
be performed with signed Saturation as shown below and 
SIMD saturation history may be stored according to which 
result data saturate. For half word result data: 
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wRd half3 (-saturate(wRn half3+wRimhalf 2), {US,SS, 16) 
wCSSF bit 7 s-(wRd half3 z (wRn half3+wRmhalf 2))) 
wCSSF bit 7) 
wRd half 2 C-saturate(wRn half 2-wRimhalf3), {US,SS, 16) 
wCSSF bit 5 s-(wRd half 2 z (wRn half 2-wRmhalf3) ) 
wCSSF bit 5 
wRd half 1 <-saturate(wRn half 1+wRimhalf O), {US,SS, 16) 
wCSSF bit 3 s-(wRd half 1 z (wRn half 1+wRmhalf O))) 
wCSSF bit 3) 
wRd half 0 <-saturate(wRn half 0-wRimhalf 11, {US,SS, 16) 
wCSSF bit 1-(wRd half Oz (wRn half O-wRmhalf 1)) 
wCSSF bit 1) 

0095. It will be appreciated that such a complex subtrac 
tion-addition operation may provide for butterfly operations 
on real and complex data, for example in a discrete cosine 
transformation (DCT) or a fast Fourier transform (FFT). For 
one embodiment of the SIMD complex subtraction-addition 
operation the SIMD saturation history is sticky as shown 
above. For an alternative embodiment, the SIMD saturation 
history is not sticky. 
0096 FIG. 10b illustrates another alternative embodiment 
of a SIMD complex addition-subtraction operation which 
may store SIMD saturation history. One embodiment of the 
complex addition-Subtraction instruction performs complex 
vector addition-subtraction of Source register (wkin and 
wRm) contents for vectors of 16 bit signed data. An alterna 
tive embodiment of the complex addition-subtraction instruc 
tion performs complex vector addition-Subtraction for vec 
tors of 8, 16, or 32 bit signed or unsigned data. The instruction 
places the result in destination register wFd. For one embodi 
ment of the complex vector addition-subtraction operation, 
signed saturation of result data is performed. For an alterna 
tive embodiment of the complex vector addition-subtraction 
operation, Saturation can be specified as signed, unsigned, or 
no saturation. 

0097. An operation encoding for one embodiment of the 
SIMD complex addition-subtraction operation may be sum 
marized as shown in Table 6. 

TABLE 6 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 1010 WRn wRd 0001 101 O wRm 

0098. For example, a SIMD complex addition-subtraction 
operation on half word data is illustrated in FIG. 10b. Source 
register wrin contains half word data 1013 and 1011, to which 
are added half word data 1018 and 1016 respectively of reg 
ister wFm. The respective half word results, 1037 and 1035, 
are saturated and placed in destination register wrod. Source 
register wFn also contains half word data 1014 and 1012, 
from which are Subtracted half word data 1017 and 1015 
respectively of register wFm. The respective half word 
results, 1038 and 1036, are saturated and placed in destination 
register wrod. For one embodiment of the SIMD complex 
addition-subtraction operation, addition and Subtraction can 
be performed with signed Saturation as shown below and 
SIMD saturation history may be stored according to which 
result data saturate. For half word result data: 
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wRd half3 (-saturate(wRn half3-wRimhalf 2), {US,SS, 16) 
wCSSF bit 7 s-(wRd half3 z (wRn half 3-wRmhalf 2))) 
wCSSF bit 7) 
wRd half 2 C-saturate(wRn half 2 z wRmhalf3), {US,SS, 16) 
wCSSF bit 5 s-(wRd half 2 z (wRn half 2+wRmhalf3) ) 
wCSSF bit 5 
wRd half 1 <-saturate(wRn half 11-wRimhalf O), {US,SS, 16) 
wCSSF bit 3 s-(wRd half 1 z (wRn half 11-wRmhalf O))) 
wCSSF bit 3) 
wRd half 0 <-saturate(wRn half O+wRimhalf1), {US,SS, 16) 
wCSSF bit 1 s-(wRd half Oz (wRn half O+wRmhalf 1)) 
wCSSF bit 1) 

0099 FIG. 11 illustrates another alternative embodiment 
of a SIMD mixed mode addition operation, which may store 
SIMD saturation history. The mixed mode addition instruc 
tion performs vector addition of four 16-bit source data of 
register wFn and four 8-bit source data of register wFm. The 
instruction places the result in destination register wFd. For 
one embodiment of the mixed mode addition operation, Satu 
ration is unsigned. For an alternative embodiment of the 
mixed mode addition operation, Saturation can be specified as 
signed, unsigned, or no saturation. 
0100. An operation encoding for one embodiment of the 
SIMD mixed mode addition operation may be summarized as 
shown in Table 7. 

TABLE 7 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 Ofl0 wRn wRd 0001 101 O wRim 

0101 The value in bit position 22 determine the source 
data location. Byte source data from the most significant end 
of register wrim is set for a value of 1. Byte source data from 
the least significant end of register wFm is set for a value of 
0. For one embodiment of the SIMD mixed mode addition 
operation the result data size is 8 bits but the invention is not 
so limited. For one alternative embodiment of the SIMD 
mixed mode addition operation the result data size is the same 
as that of source data from register wFm. For another alter 
native embodiment of the SIMD mixed mode addition opera 
tion the result data size is the same as that of source data from 
register wFn. Saturation is performed to the result data size. 
0102 For example, a SIMD mixed mode addition opera 
tion adding half words to bytes is illustrated in FIG. 11. 
Source register wFn contains half word data 1114, 1113, 
1112 and 1111, which are added to byte data 1118, 1117, 
1116 and 1115 respectively. Byte data 1118, 1117, 1116 and 
1115 are selected from bytes 1128 or 1124, 1127 or 1123, 
1126 or 1122 and 1125 or 1121 of register wFm dependent 
upon whether the most significant (M) half or the least sig 
nificant (L) half is specified in the SIMD mode addition 
operation. The resulting half word results are saturated 
according to byte values and placed in destination register 
wRd at bytes 1138 or 1134, 1137 or 1133, 1136 or 1132 and 
1135 or 1131 dependent upon whether the most significant 
(M) half or the least significant (L) half is specified in the 
SIMD mixed mode addition operation. For one embodiment 
of the SIMD mixed mode addition operation, addition can be 
performed with unsigned saturation as shown below and 
SIMD saturation history may be stored according to which 
result data saturate. For byte result data: 
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If (M. specified) then { 
byte 7 -saturate(wRn half3+wRmbyte 7), US, 8) 
Fbit 7 s-(wRdbyte 7z (wRn half3+wRmbyte 7)) s S 
byte 6 -saturate(wRn half 2+wRmbyte 6), US, 8) 
SF bit 6-(wRdbyte 6) z (wRn half 2+wRmbyte 6))) | s 
byte 5 -saturate(wRn half 1+wRmbyte 5), US, 8) 
SF bit 5 -(wRdbyte 5 z (wRn half 1+wRmbyte 5))| s 
byte 4 -saturate(wRn half O+wRmbyte 4), US, 8) 

it 4 (-(wRdbyte 4 z (wRn half O+wRmbyte 4))| s 
byte 3 -0 
SFbit 3 s-wCSSFbit 3 
byte 2 -0 

it 2 s-wCSSFbit 2 
byte 16-0 

it 1 s-wCSSFbit 1 SSS SS s 2 

S S O W C S S O Fbi 

I f ( L S e ci e d ) e l { 

S S 7 W C S S 7 Fbi 

S S 6 W C S S 6 Fbi 

S S 5 W C S S 5 Fbi 

S S 4 e W C S S Fbit 4 
byte 36-saturate(wRn half3+wRmbyte 3), US, 8) 
SF bit 3-(wRdbyte 3 z (wRn half3+wRm?byte 3))) s 
byte 2 6-saturate(wRn half 2+wRmbyte 2), US, 8) 
SF bit 2 6-(wRdbyte 2 z (wRn half 2+wRmbyte 2))| s 
byte 1 <-saturate(wRn half 1+wRmbyte 1), US, 8) 
SF bit 1 -(wRdbyte 1z (wRn half 1+wRmbyte 1))| s 
byte 0 <-saturate(wRn half O+wRmbyte O, US, 8) 
Fbit 0 <-(wRdbyte Oz (wRinhalf O+wRmbyte O))) | y s s O 

(0103 For one alternative embodiment of the SIMD mixed 
mode addition operation, addition can be performed with 
signed saturation or unsigned saturation. For another alterna 
tive embodiment of the SIMD mixed mode addition opera 
tion, SIMD saturation history wCSSF bits 3-0 or woSSF 
bits 7-4 may be cleared dependent upon whether the most 
significant (M) half or the least significant (L) half is specified 
in the SIMD mixed mode addition operation. 
0104. It will be appreciated that a SIMD mixed mode 
addition operation may provide for efficient residual addition 
as used in motion video decoding, for example. 
0105 FIG. 12 illustrates another alternative embodiment 
of a SIMD fraction multiply or multiply-negate and accumu 
late operation, which may store SIMD saturation history. The 
fraction multiply or multiply-negate and accumulate instruc 
tion performs fractional multiplication of the upper or lower 
16-bits of 32-bit source operands from register wFn and the 
upper or lower 16-bits of 32-bit source operands from register 
wRim. Intermediate results of the multiplications are doubled 
(or shifted left one bit position). 
0106 The instruction optionally negates the doubled 
results and accumulates them into destination register wrd. 
For one embodiment of the fraction multiply or multiply 
negate and accumulate operation, multiplication and dou 
bling of 16-bit data each having hexadecimal values 0x8000 
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is clamped to 0x7FFFFFFF and saturation of the 32-bit accu 
mulations is signed. For an alternative embodiment of the 
fraction multiply or multiply-negate and accumulate opera 
tion, Saturation can be specified as signed, unsigned, or no 
saturation. For another alternative embodiment SIMD satu 
ration history may be stored according to which multiplica 
tions saturate. 

0107 An operation encoding for one embodiment of the 
SIMD fraction multiply or multiply-negate and accumulate 
operation may be summarized as shown in Table 8. 

TABLE 8 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 1ny wRn wRd 0000 101 O wRim 

0108. The values in bit positions 22 determines whether a 
fraction multiply and accumulate (n=0) or a fraction multi 
ply-negate and accumulate (n-1) operation will be pre 
formed. The values in bit positions 21 and 20 determine the 
source data locations. Half word source data from the most 
significant ends of each word in registers wFn and wrim are 
selected for a value of 11. Half word source data from the least 
significant ends of each word in registers wFn and wrim are 
selected for a value of 00. Half word source data from the least 
significant ends of each word in registers wFn and from the 
most significant ends of each word in registers wFm are 
selected for a value of 01. Half word source data from the 
most significant ends of each word in registers wFn and from 
the least significant ends of each word in registers wrim are 
selected for a value of 10. Saturation is performed to the result 
data size of 32-bits. 

0109 For example, one embodiment of a SIMD fraction 
multiply or multiply-negate and accumulate operation is 
illustrated in FIG. 12. Source register wFn contains half word 
data 1214 or 1213, and half word data 1212 or 1211, which 
are selected for multiplication operands 1243 and 1221 
respectively according to the value of x (bit 21). Source 
register wFm contains half word data 1218 or 1217, and half 
word data 1216 or 1215, which are selected for multiplication 
operands 1287 and 1265 respectively according to the value 
of y (bit 20). Multiplication operands 1287 and 1243 are 
multiplied together to produce intermediate result 1232 and 
multiplication operands 1265 and 1221 are multiplied 
together to produce intermediate result 1231. Intermediate 
results 1232 and 1231 are doubled (or shifted left one bit 
position) to generate intermediate results 1234 and 1233 
respectively. For one embodiment of the fraction multiply or 
multiply-negate and accumulate operation, intermediate 
results 1234 and 1233 are clamped to a hexadecimal value of 
0x7FFFFFFF if each of their multiplication operands had 
hexadecimal values of 0x8000. For one alternative embodi 
ment SIMD saturation history may be stored according to 
which intermediate results saturate. Dependent on the value 
of n (bit 22) the intermediate results 1234 and 1233 are 
negated (n-1) or not negated (n=0) and accumulated with 
word data 1236 and 1235 from wRd. The accumulated word 
results 1238 and 1237 are saturated placed in destination 
register wFd. For one embodiment of the SIMD fraction 
multiply or multiply-negate and accumulate operation, accu 
mulation can be performed with signed saturation as shown 
below and SIMD saturation history may be stored according 
to which result data saturate. For word result data: 
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Operand 1221 s-(x=1)? wRn 
Operand 1243 s-(x=1)? wRn 
Operand 1265 s-(y=1)? wRmhalf 1: wRimhalf O 
Operand 1278 -(y=1)? wRmhalf3: wRimhalf 2 
If (Operand 1221= Operand 1265=0x8000) then 

Temp1233 <-0x7FFFFFFF; 

half 1: wRn half O 
half3: wRn half 2 

Else 
Temp1233 s-(Operand 1221 * Operand 1265) << 1: 

If (Operand 1243= Operand 1278=0x8000) then 
Temp1234 -0x7FFFFFFF; 

Else 
Temp1234 -(Operan 

If (Nspecified) then { 
wRdword 1<-saturate(wR 
wCSSF bit 7 s-(wRdword 
wCSSF bit 7): 
wRdword Oe-saturate(wRdword O-Temp1233, S, 32); 
wCSSF bit 3 s-(wRdword Oz (wRdword O-Temp1233) ) | 
wCSSF bit 3): 

Else { 
wRdword 1 
wCSSF bit 7 
wCSSF bit 7): 
wRdword Oe-saturate(wRdword O + Temp1233, S, 32); 
wCSSF bit 3 s-(wRdword Oz (wRdword Oil + Temp1233) ) | 
wCSSF bit 3): 

1243 * Operand 1278) << 1: 

word 1 - Temp1234, S, 32); 
z (wRdword 1 - Templ234) ) | 

<-saturate(wRdword 1 + Temp1234, S, 32); 
<-(wRdword 1z (wRdword 1 + Templ234))| 

0110. For one alternative embodiment of the SIMD frac 
tion multiply or multiply-negate and accumulate operation, 
multiplication and accumulation can be performed together 
with signed saturation or unsigned saturation. 
0111. It will be appreciated that a SIMD fraction multiply 
ormultiply-negate and accumulate operation may provide for 
bit-exact implementations of voice codecs such as those used 
by the Global System for Mobil Communications (GSM, a 
registered trademark of the GSM Association), for example, 
in cellular systems. 
0112 FIG. 13 illustrates another alternative embodiment 
of a SIMD multiply and add operation, which may store 
SIMD saturation history. The multiply and add instruction 
performs multiplication of 16-bit source data of register wFn 
and 16-bit source data of register wrim. The intermediate 
products of the multiplications are added together in pairs to 
produce packed 32-bit Sums, which are stored in destination 
register wFd. 
0113 For one alternative embodiment (not illustrated by 
FIG. 13) the instruction optionally negates the most signifi 
cant intermediate product of each pair as the pairs are added 
to produce packed 32-bit differences, which are stored in 
destination register wFd. For other alternative embodiments 
of the multiply and add operation, Saturation can be specified 
as signed or unsigned, or no saturation is applied. 
0114. An operation encoding for one embodiment of the 
SIMD multiply and add operation may be summarized as 
shown in Table 9. 

TABLE 9 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 ninsO wRn wRd 0001 SSS O wRm 

0115 For one alternative embodiment of the multiply and 
add operation, the values in bit positions 23-22 determine 
whethera multiply and add(nn-10) or a multiply and subtract 

10 
Aug. 28, 2008 

(nn-11) operation will be preformed. The values in bit posi 
tions 21 and 7-5 determine whether one of signed arithmetic 
with Saturation, signed arithmetic without saturation, 
unsigned arithmetic with Saturation or unsigned arithmetic 
without saturation will be performed. Saturation is performed 
to the result data size of 32-bits. 
0116 For example, one embodiment of a SIMD multiply 
and add operation is illustrated in FIG. 13. Source register 
wRn contains half word data 1314-1311. Source register 
wRim contains half word data 1318-1315. Multiplication 
operands 1314 and 1318 are multiplied together to produce 
intermediate result 1384 and multiplication operands 1313 
and 1317 are multiplied together to produce intermediate 
result 1373. Intermediate results 1384 and 1373 are added, 
optionally with saturation, to produce the word result 1322. 
Multiplication operands 1312 and 1316 are multiplied 
together to produce intermediate result 1362 and multiplica 
tion operands 1311 and 1315 are multiplied together to pro 
duce intermediate result 1351. Intermediate results 1362 and 
1351 are added, optionally with saturation, to produce the 
word result 1321. The two word results 1322 and 1321 are 
stored in destination register wrod. 
0117 For one embodiment of the SIMD multiply and add 
operation, addition or Subtraction of products can be per 
formed with signed or unsigned saturation as shown below 
and SIMD saturation history may be stored according to 
which result data saturate. For word result data: 

Temp1351 s-wRn half O* wRmhalf O: 
Temp1362 s-wRn half 1* wRmhalf 1: 
Temp1373 s-wRn half 2 * wRmhalf 2: 
Temp1384 s-wRn half3 * wRmhalf3); 
If (nn = 11) then { 

wRdword 1<-saturate(Temp1373 - Templ384, {US,SS, 32); 
wCSSF bit 7 s-(wRdword 1z (Temp1373 - Temp1384)) | 
wCSSF bit 7); 
wRdword Oe-saturate(Temp1351 - Templ362, {US,SS, 32); 
wCSSF bit 3 s-(wRdword Oz (Temp1351 - Temp1362))| 
wCSSF bit 3): 

Else If (nn = 10) then { 
wRdword 1<-saturate(Temp1373 + Templ384, {US,SS, 32); 
wCSSF bit 7 s-(wRdword 1z (Temp1373 + Temp1384)) | 
wCSSF bit 7); 
wRdword Oe-saturate(Temp1351 + Templ362, {US,SS, 32); 
wCSSF bit 3 s-(wRdword Oz (Temp1351 + Temp1362))| 
wCSSF bit 3): 

0118 For one alternative embodiment of the SIMD mul 
tiply and add operation, multiplication and addition can be 
performed together with signed, unsigned or no saturation. 
0119 For another alternative embodiment of the SIMD 
multiply and add operation, operands may be cross multiplied 
and addition performed with signed or unsigned saturation as 
shown below with SIMD saturation history stored according 
to which result data saturate. For word result data: 

Temp1361 s-wRn half O* wRmhalf 1: 
Temp1352 s-wRn half 1* wRmhalf Oil: 
Temp1383 5-wRn half 2 * wRmhalf3); 
Temp1374 s-wRn half3 * wRmhalf 2: 
wRdword 1<-saturate(Temp1383 + Temp1374, {US,SS, 32); 
wCSSF bit 7 s-(wRdword 1z (Temp1383 + Temp1374)) | 
wCSSF bit 7); 
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-continued 

wRdword Oe-saturate(Templ361 + Templ352, {US,SS, 32); 
wCSSF bit 3 s-(wRdword Oz (Temp1361 + Temp1352)) | 
wCSSF bit 3): 

0120 FIG. 14 illustrates another alternative embodiment 
of a SIMD fractional multiply operation, which may store 
SIMD saturation history. One embodiment of the fractional 
multiply instruction performs multiplication of 16-bit source 
data of register wFn and 16-bit source data of register wFm. 
The upper 17-bits of 32-bit intermediate products of the mul 
tiplications are optionally rounded (for example, by adding a 
1 to the 18" bit, bit 14) and saturated to 16 bits, which are 
stored in destination register wFd. For alternative embodi 
ments, 18 or more bits are optionally rounded and saturated to 
16 or less bits, which are stored in destination register wFd. 
0121. An alternative embodiment of the fractional multi 
ply instruction performs multiplication of 32-bit source data 
of register wFn and 32-bit source data of register wFm. The 
upper 33-bits of 64-bit intermediate products of the multipli 
cations are optionally rounded (for example, by adding a 1 to 
the 34" bit, bit 30) and saturated to 32-bits, which are stored 
in destination register wrod. For alternative embodiments, 34 
or more bits are optionally rounded and saturated to 32 or less 
bits, which are stored in destination register wrod. 
0122 For one embodiment of the fractional multiply 
operation, signed saturation occurs when both 16-bit source 
operands or both 32-bit source operands are equal to the most 
negative signed representation, hexadecimal 0x8000 or hexa 
decimal 0x80000000 respectively. For alternative embodi 
ments saturation may occur for a variety of combinations of 
source operand values. For one alternative embodiment of the 
fractional multiply operation, Saturation can be specified as 
signed, unsigned, or no Saturation. 
0123. An operation encoding for one embodiment of the 
SIMD fractional multiply operation may be summarized as 
shown in Table 10. 

Temp145 

If (Rspeci 
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8. 

bi 
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TABLE 10 

31-28 27-24 23-20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 SSS wRn wRd 0000 SSS O wRm 

0.124 For one alternative embodiment of the fractional 
multiply operation, the values in bit position 21 determine 
whether a rounding will be preformed. The values in bit 
positions 23-22, 20 and 7-5 determine whether 16-bit or 
32-bit signed multiplication and saturation will be performed. 
For one embodiment of the SIMD fractional multiply opera 
tion, bit positions 23-22, and 7-5 are set to binary values of 00, 
1 and 100 respectively and saturation is performed to the 
result data size of 16-bits. For one alternative embodiment of 
the SIMD fractional multiply operation, bit positions 23-22, 
20 and 7-5 are set to binary values of 11, 0 and 111 respec 
tively and saturation is performed to the result data size of 
32-bits. 
(0.125 For example, one embodiment of a half word SIMD 
fractional multiply operation is illustrated in FIG. 14. Source 
register wFn contains half word data 1414-1411. Source reg 
ister wFm contains half word data 1418-1415. Multiplication 
operands 1414 and 1418 are multiplied together to produce 
intermediate product 1484, multiplication operands 1413 and 
1417 are multiplied together to produce intermediate product 
1473, multiplication operands 1412 and 1416 are multiplied 
together to produce intermediate product 1462, and multipli 
cation operands 1411 and 1415 are multiplied together to 
produce intermediate product 1451. The upper 17-bits of 
intermediate products 1484, 1473, 1462 and 1451 are option 
ally rounded by adding to each a hexadecimal value of 
0x4000, which has a 1 in the 18th bit (bit 14). They are shifted 
right 15 bit positions and saturated to 16-bit signed values. 
The four halfword results 1424–1411 are stored in destination 
register wFd. 
0.126 For one embodiment of the SIMD fractional multi 
ply operation, multiplication and optional rounding of prod 
ucts can be performed with signed Saturation as shown below 
and SIMD saturation history may be stored according to 
which result data saturate. For half word result data: 

e((Temp1484 + 0x4000) >>15, SS, 16); 
8. z (Templa84 + 0x4000) >>15)) 

e((Temp1473 + 0x4000) >>15, SS, 16); 
8. z (Templa73 + 0x4000) >>15)) 

e((Temp1462 + 0x4000) >>15, SS, 16); 
8. z (Templaô2 + 0x4000) >>15)) 

e((Temp1451 + 0x4000) >>15, SS, 16); 
8. z (Templa51 + 0x4000) >>15)) 

wCSSF bit 7); 

wCSSF bit 5); 
e 

3 
l 

2 
l 

1 wCSSF bit 3): 
l 

O wCSSF bit 1); 

1484 as 
z (Temp 

e(Temp1473 >> 
half 2 z (Temp 

e(Temp1462 >> 
half 1z (Temp1462 >>15)) | woSSFIbi 

e(Temp1451 >> 15, SS, 16); 
half Oz (Temp1451 >>15)) | woSSFIbi 

8. e(Temp 
half3 

5, SS, 16); 
1484 cc 15)) | woSSFIbi 
5, SS, 16); 
1473 >>15)) | woSSFIbi 
5, SS, 16); 

R 
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0127. For word result data: 

Temp1431 s-wRnword O* wRmword Ol: 
Temp1442 <-wRnword 1 * wRmword 1; 
If (R specified) then { 
wRdword 1<-saturate(Temp 1442 + 0x40000000) >>31, SS, 32); 
wCSSF bit 7 s-(wRdword 1z (Temp1442 + 0x40000000) >>31)) 

| wCSSF bit 7); 
wRdword Oe-saturate(Temp 1431 + 0x40000000) >>31, SS, 32); 
wCSSF bit 3 s-(wRdword Oz (Temp1431 + 0x40000000) >>31)) 

| wCSSF bit 3): 

Else { 
wRdword 1<-saturate(Temp1442 >>31, SS, 32); 
wCSSF bit 7 s-(wRdword 1z (Temp1442 >>31)) | woSSF bit 7): 
wRdword Oe-saturate(Temp1431 >>31, SS, 32); 
wCSSF bit 3 s-(wRdword Oz (Temp1431 >>31)) | woSSF bit 3): 
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TABLE 11 

31-28 27-24 23-21 20 19-16 15-12 11-8 7-5 4 3-0 

Cond 1110 ww0 1 0011 1111 0001 010 1 0000 

I0132) For one embodiment of operation 1501, the values 
in bit positions 23 and 22 select which SIMD fields 717-710 
to use in performing said one or more operations (op). For 
example: SIMD fields 717 and 713 (word saturation history) 
may be selected by a value of 10, SIMD fields 717 715, 713 
and 711 (half word saturation history) may be selected by a 
value of 01, and all SIMD fields 717-710 (byte saturation 
history) may be selected by a value of 00. 
0.133 For one embodiment of operation 1501, one or more 
operations can be performed on data selected from SIMD 
fields 717-710 and results may be stored in condition code 
flags set 630 of the CPSR as shown below. 

If (byte history is specified) then { 
CPSRbits 31-29) <-000; 
CPSRbit 28) <-wCSSF bit 7 | woSSF bit 6|wcSSF bit 5|wcSSF bit 4) 
| woSSF bit 3) | woSSF bit 2 |wcSSF bit 1 | woSSF bitO); 

If (half word history is specified) then { 
CPSRbits 31-29) <-000; 
CPSRbit 28) <-wCSSF bit 7 | woSSF bit 5|wcSSF bit 3)|wcSSF bit 1); 

Else if (word history is specified) then { 

0128. For one alternative embodiment of the SIMD frac 
tional multiply operation, fractional multiplication can be 
performed together with signed, unsigned or no saturation. 
0129 FIG. 15 illustrates one embodiment of an operation 
1501 for processing SIMD saturation history. The instruction 
for operation 1501 performs one or more operations (op) on 
data from SIMD fields 717-710 and Stores a result in condi 
tion code flags set 630 of the CPSR. The result of operation 
1501 may provide for conditional execution or group condi 
tional execution of instructions based on Saturation history. 
0130. For one embodiment of operation 1501 the data 
from all of the SIMD fields 717-710 is logically combined by 
an OR operation and the combined result is written to the 
overflow (V) flag in condition code flags set 630 of the CPSR. 
For an alternative embodiment of operation 1501 data is 
selected from one specific field of the SIMD fields 717-710 
and written to the overflow (V) flag in condition code flags set 
630 of the CPSR. For another alternative embodiment of 
operation 1501, data is written to the saturation (Q) flag in 
condition code flags set 630 of the CPSR. For another alter 
native embodiment of operation 1501, data from SIMD fields 
717-710 is logically combined by an AND operation. For 
another alternative embodiment of operation 1501, data from 
SIMD fields 717-710 is counted and compared to a threshold 
value. 

0131) An operation encoding for one embodiment of 
operation 1501 may be summarized as shown in Table 11. 

CPSRbits 31-29) <-000; 
CPSRbit 28) <-wCSSF bit 7 | woSSF bit 3): 

I0134. It will be appreciated that the above illustrated 
operations, encodings and formats may be modified in 
arrangement and detail by those skilled in the art without 
departing from the principles herein disclosed and claimed. 
0.135 FIG. 16 illustrates one alternative embodiment of a 
sequence of operations 1601 and 1602 for processing SIMD 
saturation history. Operation 1601 comprises a transfer 
operation (top) to move data form one or more SIMD fields 
717-710 to a field 1607 in register Ri. Operation 1602 com 
prises an arithmetic/logical operation (aop) to process SIMD 
saturation history data and to store a result in condition code 
flags set 630 of the CPSR. For one embodiment of operation 
1602, arithmetic/logical operation (aop) performs a compari 
son of the SIMD saturation history data with a test value 1628. 
For an alternative embodiment of operation 1602, arithmetic/ 
logical operation (aop) performs a Subtraction of test value 
1628 from the SIMD saturation history data. For one embodi 
ment of operation 1602, arithmetic/logical operation (aop) 
also stores a result in register 1609. For one embodiment of 
operation 1602, SIMD saturation history data 1608 in register 
Rj comprises the data of field 1607 in register Ri. For one 
embodiment of operation 1602, register Rj is register Ri. 
0.136 For one embodiment of operation 1601, data from 
reserved field 718 is transferred to field 1618 in register Ri. 
One alternative embodiment of operation 1602 further com 
prises logical operation (lop) to process SIMD saturation 
history data from the one or more SIMD fields 717-710 with 
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mask 1627 and to store SIMD saturation history data 1608 in 
register Ras an input operand for arithmetic/logical opera 
tion (aop). 
0.137 It will be appreciated that for various embodiments 
of operation 1602, multiple various flags of condition code 
flags set 630 may be affected in the CPSR. 
0138 FIG. 17 illustrates a flow diagram for one embodi 
ment of a process to generate and store SIMD saturation 
history. Process 1701 and other processes herein disclosed are 
performed by processing blocks that may comprise dedicated 
hardware or software or firmware operation codes executable 
by general purpose machines or by special purpose machines 
or by a combination of both. 
0.139. In processing block 1711 a coprocessor instruction 

is decoded identifying a saturating SIMD operation. Process 
ing continues in processing block 1713 where the Saturating 
SIMD operation is executed on a packed source 1 and a 
packed source 2. Processing continues in processing block 
1715 where saturation flags are stored to indicate if a result of 
the saturating SIMD operation saturated. 
0140 FIG. 18 illustrates a flow diagram for an alternative 
embodiment of a process to generate and store SIMD satura 
tion history. In processing block 1811 a coprocessor instruc 
tion is decoded identifying a saturating SIMD operation. 
Processing continues in processing block 1812 where a 
Source 1 and a source 2 are accessed. Processing continues in 
processing block 1813 where the functional unit is enabled to 
execute the saturating SIMD operation on packed data of 
Source 1 and packed data of Source 2. Processing continues in 
processing block 1814 where the size of the result data is 
identified. 
0141. If the result data are double words then processing 
continues in processing block 1815 where wCSSF7 is set if 
the double word 0 result of the saturating SIMD operation 
saturated. If the result data are words then processing contin 
ues in processing block 1816 where w(SSF7 is set if the 
word 1 result of the saturating SIMD operation saturated and 
wCSSF3) is set if the word 0 result of the saturating SIMD 
operation saturated. If the result data are half words then 
processing continues in processing block 1817 where w(SSF 
7 is set if the half word 3 result of the saturating SIMD 
operation saturated, wCSSF5 is set if the half word 2 result 
of the saturating SIMD operation saturated, wCSSF3) is set 
if the half word 1 result of the saturating SIMD operation 
saturated and wOSSF1 is set if the half word 0 result of the 
saturating SIMD operation saturated. If the result data are 
bytes then processing continues in processing block 1818 
where wCSSF7 is set if the byte 7 result of the saturating 
SIMD operation saturated, wCSSF6) is set if the byte 6 result 
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saturated, wCSSF5 is set if the byte 5 result saturated, 
wCSSF4 is set if the byte 4 result saturated, wCSSF3) is set 
if the byte 3 result saturated, wCSSF2 is set if the byte 2 
result saturated, wcSSF1 is set if the byte 1 result saturated 
and wOSSFIO is set if the byte 0 result of the saturating 
SIMD operation saturated. 
0142. It will be appreciated that process 1801 may store 
saturation history to other locations and/or to different sized 
fields without departing from the spirit of process 1801. It will 
also be appreciated that individual or combined SIMD satu 
ration history may be used for conditional execution of sub 
sequent instructions or of operations of Subsequent instruc 
tions. It will also be appreciated that individual or combined 
SIMD saturation history may also be used for conditional 
selection and/or storage of data by Subsequent instructions. 
0143. 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 may be 
modified in arrangement and detail by those skilled in the art 
without departing from the principles of the present invention 
within the scope of the accompanying claims and their 
equivalents. 
What is claimed is: 
1. An apparatus comprising: 
a coprocessor interface unit to identify an instruction of a 

first instruction format for a saturating operation, a first 
source having a first plurality of packed data elements 
and a second source having a second plurality of packed 
data elements; 

an execution unit to perform the Saturating operation on the 
first plurality of packed data elements and the second 
plurality of packed data elements; 

a register to store a plurality of saturation flags to indicate 
if a result of the saturating operation Saturated, 

where the coprocessor interface unit identifies a saturation 
history processing instruction of a second instruction 
format identifying a processing operation for the Satu 
ration flags, and a saturation data size; 

a saturation history processing unit to determine an oper 
and based on the saturation data size, and perform the 
Saturation history processing operation on the Saturation 
flags and the operand for the Saturation data size from the 
Saturation flags; and 

a status register having a condition code flags set to store 
the result of the processing function. 
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