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METHOD FOR PERFORMING SINGLE 
INSTRUCTION MULTIPLE DATA OPERATIONS 

ON PACKED DATA 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of provisional 
United States patent application entitled “Digital Signal 
Coprocessor,” application No. 60/492,060, ?led on Jul. 31, 
2003. 

FIELD OF THE INVENTION 

[0002] This invention relates to single instruction multiple 
data (“SIMD”) operations on packed data in a processor, 
particularly instructions causing a processor to determine an 
absolute value or perform a conditional move of operands or 
Where the result may be saturated. 

BACKGROUND ART 

[0003] Single instruction, multiple data (“SIMD”) style 
processing has been used to accelerate multimedia process 
ing, including image processing and data compression. 
Instruction sets for processors often include SIMD instruc 
tions Where multiple data elements are packed in a single 
Wide register, With the individual data elements operated on 
in parallel. Using this approach, multiple operations can be 
performed With one instruction, thus improving perfor 
mance. One example is INTEL’s MMX (multimedia exten 
sion) instruction set. 

[0004] It Would be advantageous to provide neW SIMD 
instructions and supporting circuitry to further enhance 
multimedia processing, for instance, image segmentation or 
clipping. 

SUMMARY OF THE INVENTION 

[0005] SIMD instructions, including parallel absolute 
value and parallel conditional move, for parallel processing 
of packed data are provided as Well as a circuit for saturating 
the result of an operation. Other operations in the instruction 
set include parallel add, parallel subtract, parallel compare, 
parallel maximum, and parallel minimum. The operations 
indicated by the instructions are carried out in the arithmetic 
logic unit (“ALU”) of a processor. 

[0006] An instruction indicates, among other things, the 
operation and the data, in the form of a data Word containing 
data elements, on Which the operation is performed. Each 
data Word contains several elements; the number of elements 
is determined by the mode of operation indicated by the 
instruction. For instance, When an 8-bit mode is speci?ed, a 
32-bit data Word contains 4 8-bit data elements, or operands, 
While in 16-bit mode, the same 32-bit data Word contains 2 
16-bit operands. 

[0007] A parallel status ?ags (“PSF”) register stores the 
parallel status ?ags (PSFs) Which monitor the status of data 
elements in data Word. PSFs indicate Whether the result of 
an integer operation is Zero, the sign of the result of an 
integer operation, Whether there Was a carry out from the 
ALU operation, and Whether there Was a 2’s complement 
integer over?oW result. The PSF register is updated When 
ever a SIMD instruction that updates PSF ?ags is performed. 
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[0008] Aparallel conditional test (“PTEST”) register con 
tains a code Which maps to a test condition. During parallel 
conditional move (“PCMOV”) instructions, status ?ags in 
the PSF register are compared to the test condition in the 
PTEST register and, if the ?ags and condition match, the 
suboperand corresponding to the ?ags in the PSF register is 
moved to a speci?ed register. 

[0009] During parallel absolute value (“PABS”) instruc 
tions, the processor determines the absolute value of at least 
tWo operands and places the absolute value of the operands 
in speci?ed registers. The absolute value is determined by 
using one of the folloWing approaches based on the sign bit 
of each of the operands: 1) Where the sign bit of an operands 
is 1 and at least one of the other bits is 1, the absolute value 
of the operand is the 2’s complement of the operand; 2) 
Where the sign bit of the operand is 1 and each of the other 
bits is 0, the absolute value of the operand is the 1’s 
complement of the operand; and 3) Where the sign bit of the 
operand is 0, the absolute value of the operand is the value 
of the operand. 

[0010] A method and circuit for handling saturation of a 
result of an operation are also provided. When tWo m-bit 
operands are added, as in an addition, average, or subtraction 
operation, if an average instruction is executed, the m most 
signi?cant bits are output; otherWise, the m least signi?cant 
bits are output and the result is saturated if there is over?oW 
and saturation is enabled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram of a processor that may 
be used to execute the SIMD instructions of the invention. 

[0012] FIG. 2 is a block diagram of a processor status 
Word that may be used to indicate an SIMD instruction in 
accordance With the invention. 

[0013] FIG. 3 is a block diagram of an SIMD instruction 
in accordance With the invention. 

[0014] FIG. 4 is a block diagram of data Words used in 
executing an SIMD instruction in accordance With the 
invention. 

[0015] FIG. 5 is a diagram of a saturation circuit used 
When executing an SIMD instruction in accordance With the 
invention. 

[0016] FIG. 6 is a How chart shoWing execution of a 
parallel absolute value instruction in accordance With the 
invention. 

[0017] FIG. 7 is a How chart shoWing execution of a 
parallel conditional move instruction in accordance With the 
invention. 

DETAILED DESCRIPTION 

[0018] FIG. 1 shoWs a processor 10, or digital signal 
engine (“DSE”), that may be used to execute SIMD instruc 
tions in one embodiment of the invention. Among the 
features in the DSE 10 are an instruction memory 18, an 
instruction register, a dual port data memory 14, and an 
integer SIMD ALU 16, Where the SIMD instructions are 
executed. Instructions are stored in a processor-readable 
medium, Which includes any medium that can store or 
transfer information; examples of a processor-readable 
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medium include an electronic circuit, a semiconductor 
memory device, a ROM, a ?ash memory, a ?oppy diskette, 
a compact disc, an optical disc, etc. Other processors may be 
used in other embodiments. 

[0019] In one embodiment, the DSE is controlled by a 
processor status word (“PSW”) register. In FIG. 2, the PSW 
20 is 32 bits long and includes the DSE program counter 22, 
which holds the address of the neXt DSE instruction to be 
eXecuted. For purposes of the invention, other bits of interest 
include: bit 15, the non-saturation (“NSAT”) bit 58, which 
when set to “1” indicates the result should not be saturated, 
and if set to “0” indicates the result should be saturated if 
necessary; bit 25, the HSIMD bit 34, which when set to “1” 
indicates that half-word (for instance, if a word is 32 bits 
long, half a word is 16 bits) operations should be used (in 
one embodiment, if the HSIMD bit is not set to “1”, 8-bit 
operations should be used); bit 30, the USIMD bit 36, which 
when set to “1”, indicates the PADD, PSUB, PAVG, PCMP, 
PMIN, and PMAX operations use unsigned operands; and 
bit 31, the SIMD bit 38, which when set to “1” indicates 
SIMD instructions are to be used (this bit may be employed, 
for instance, when SIMD instructions are aliased with sum 
of absolute difference (“SAD”) instructions in one embodi 
ment). The remaining bits 24 are used to control processor 
operation. The use of the PSW 20 and the assignment of bits 
is included here as an eXample; in other embodiments, the 
use of SIMD instructions may be controlled in other ways. 

[0020] With respect to FIG. 3, a DSE instruction 40 used 
in one embodiment is 20 bits long. SiX bits indicate the 
OpCode 42, and 7 bits are used to indicate register addresses 
(rb and ra) 44 and 46 of operands. In FIG. 4, the data words, 
Word A 48 and Word B 50, are shown to be 32 bits long 54 
in one embodiment (in other embodiments, data words may 
consist of some other length) and to contain a number of data 
elements. Depending on the type of operations speci?ed in 
the PSW, each 32-bit word 38, 50 may consist of two 16-bit 
words (for instance, bytes D and C 52) or four 8-bit words 
(for instance, byte A 56). 
[0021] Aparallel status ?ags (“PSF”) register is part of the 
DSE. PSFs are used to monitor the status of data elements 
in data words. The ?ags are as follows: Zero (“Z”) indicates 
if the result of an integer operation is Zero; Sign (“S”) 
indicates the sign of the result of an integer operation; Carry 
(“CY”) indicates there was a carry out from the ALU 
operation; and Over?ow (“OV”) indicates a 2’s complement 
integer over?ow result. The register has the following for 
mat: 

Bit Function 

31:16 reserved 
15:12 PSF3 ?ags 
11:8 PSF2 ?ags 
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[0022] The PSF register is updated whenever a SIMD 
instruction that updates PSF ?ags is performed. In 8-bit 
mode, computations on byte 0 (the least signi?cant byte) 
affect PSFO, computations on byte 1 affect PSF1, etc. In 
16-bit mode, computations on the lower half-word affect 
PSF1 while computations on the upper half-word affect 
PSF3; PSFO and PSF2 are unde?ned. Other embodiments of 
the invention may feature different approaches to handling 
PSFs. 

[0023] The DSE also features a parallel condition test 
(“PTEST”) register. The PTEST register is used when a 
parallel conditional move (“PCMOV”) instruction is 
eXecuted. As discussed in greater detail below, a PCMOV 
operation compares status ?ags in the PSF register against 
the test condition speci?ed in the PTEST register; if the ?ags 
and the condition match, the suboperand is moved to a 
speci?ed register. The PTEST register has the following 
format: 

Bit Function 

31 :4 reserved 
3:0 condition code 

[0024] Each 4-bit condition code in the PTEST register 
maps to a test condition as follows: 

Compare 
Code Mnemonic Function Description 

0 J MP 
1 J CY 
2 J E Equal 

Move always 
Move if CY = 1 

Move if Zero 

(Z - 1) 
Move if not 

Zero (Z = 0) 
Move if 
negative = (sign 
XOR 

Greater or Move if 

Equal positive 
Greater Than Move if 

positive non 
zero = not 

Zero AND not 

(sign XOR 

Move if Zero = Zero 

OR 
(sign XOR 

Move if 

Move if not 

Move if sign = 1 

(s - 1) 
Move if sign = O 

(s - 0) 
12 reserved 
13 JHI Unsigned Move if High 

Greater Than (CY = O and 
Z = 0) 

3 J NE Not Equal 

4 J L Less Than 

5 J GE 

7 JLE Less or Equal 

8 JOV 

9 J NOV 

10 IS 

11 INS 
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-continued 

Compare Instruction SIMD USIMD HSIMD NSAT 
Code Mnemonic Function Description 

PABS X X 
14 JLS Unsigned Less Move if Lower PADD X X X X 

Than or Equal or Same (CY = 1 PAVG X X X 
OR Z = 1) PCMOV X 

15 reserved PCMP X X 
PMAX X X 
PMIN X X 
PSUB X X X X 

[0025] Other embodiments of the invention may feature 
different approaches to handling condition codes and the 
PTEST register. 

[0026] SIMD instructions may be executed when the DSE 
is in SIMD mode (in other words, the SIMD bit discussed 
above is set to “1”). These instructions take 1 cycle to 
execute. SIMD instructions which may be executed by the 
processor described above include the following: a parallel 
absolute value (“PABS”) instruction, which determines the 
absolute value of an operand and places that value in a 

speci?ed register; parallel add/subtract (“PADD/PSUB”) 
instructions that add or subtract operands together and place 
the results in speci?ed registers; a parallel average 
(“PAVG”) instruction that averages two values and places 
the result in a speci?ed register; parallel max/min (“PMAX/ 
PMIN”) instructions that compare two values and write the 
greater or lesser value into a speci?ed register; a parallel 
integer compare (“PCMP”) instruction that compares two 
operands and modi?es condition code ?ags in the parallel 
status ?ag register; and a parallel conditional move 
(“PCMOV”) instruction that compares status ?ags in the 
PSW register with the condition code in the PTEST register 
and, if the ?ags and code match, moves the operand to a 
speci?ed register. The instructions and their actions may be 
summarized as follows: 

[0027] As noted above, when the HSIMD bit in the PSW 
is set to “1,” 16-bit, or half-word, operations are used; 
otherwise, 8-bit, or byte, operations are employed. (The 
remainder of this discussion will address the use of 32-bit 
data words and 16- or 8-bit operations. This limitation is for 
explanatory purposes only. Other embodiments may use 64 
or 128-bit data words and 32- or 64-bit operations, etc.) 
When the USIMD bit is set to “1,” PMIN and PMAX use 
unsigned operands. When the NSAT bit is set to “1,” the 
result should not be saturated. The following table shows 
which instructions are affected when certain PSW bits are 
set: 

[0028] Sample opcodes for the instruction and updated 
settings in the PSF register following execution of each 
instruction are shown below: 

Instruction Opcode Z S CY OV 

PADD 111000 X X X x 

PAVG 111001 X X X 0 
PSUB 111010 X X X x 
PMIN 111100 X X X x 
PMAX 111101 X X X x 

PABS 111011 X 0 X x 
PCMP 111110 X X X x 
PCMOV 111111 

[0029] The OV ?ag is set to Zero after execution of a 
PAVG instruction because there is never over?ow when this 
instruction is executed. The S ?ag is cleared to 0 after 
execution of a PABS instruction. Execution of a PCMOV 
instruction does not affect PSFs. Other embodiments may, of 
course, use different opcodes to identify each instruction. 

[0030] The PAVG instruction may be executed in 8- or 
16-bit mode and may operate on signed or unsigned data. 
The USIMD PSW bit determines whether sign-extension is 
done before adding the operands. If the USIMD bit is set, the 
operands are Zero-padded by one bit. If USIMD is not set, 
the operands are sign-extended by one bit. In 16-bit mode, 
the PAVG operation is as follows: 

[0031] (Here, if the USIMD bit is set, the operand is 
Zero-padded by one bit; otherwise the operand is sign 
extended (i.e., bit 31 is repeated).) 

[0032] PSFs following execution of a PAVG instruction in 
16-bit mode are as follows: 

PSF3 PSF2 PSFl PSFO 

Z (rb[31:16] == 0) unde?ned (rb[15:0] == 0) unde?ned 
‘.7 1:0 ‘.7 1:0 

S rb[31] unde?ned rb[15] unde?ned 
CY cout[31] unde?ned Cout[15] unde?ned 
OV 0 unde?ned 0 unde?ned 
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[0033] In 8-bit mode, the PAVG operation is as follows: 

[0034] Following execution of the PAVG operation in 
8-bit rnode, PSFs are as follows: 

PSF3 PSFZ PSFl PSFO 

Z (rb[31:24] == (rb[23:16 == (rb[15:8] == 0) (rb[7:0 == 0) ‘.7 
0)? 1:0 0) 71:0 71:0 1:0 

CY cout[31] cout[23] cout[15] cout[7] 
OV 0 0 0 0 

[0035] “rb” in the tables above refers to the ?nal result of 
the instruction, not the input operand. The PAVG instruction 
alWays rounds doWn, not toWards 0; negative numbers are 
rounded doWn toWards negative in?nity. Execution of the 
PAVG instruction provides the 8/16 rnost signi?cant bits 
(“rnsbs”) of the result of a 9/17 bits PADD or PSUB 
operation. Each 8- or 16-bit operation updates the corre 
sponding status ?ags in the PSF register. 

[0036] PADD instructions may be executed in either 16- or 
8-bit mode on signed and unsigned numbers and Will 
provide saturation if the NSAT bit is clear. (When the 
USIMD bit is “1,” the instructions treat the operands as 
unsigned operands. When the USIMD bit is “0,” the instruc 
tions treat the operands as signed operands.) In 16-bit mode, 
a PADD instruction operates as folloWs: 

rb[31:16]=SATURATE(rb[31:16]+ra[31:16]) (rb and 
ra are the register addresses) 

[0037] PSFs folloWing execution of a PADD instruction in 
16-bit mode are as folloWs: 

PSF3 PSFZ PSFl PSFO 

Z (rb [31:16] == 0) unde?ned (rb [15:0] == 0) unde?ned 
‘.7 1:0 ‘.7 1:0 

S rb[31] unde?ned rb[15] unde?ned 
CY Cout[31] unde?ned cout[15] unde?ned 
OV cout[31] XOR unde?ned cout[15] XOR unde?ned 

cout[30] cout[14] 

[0038] The PADD instruction operates in 8-bit mode as 
folloWs: 
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[0039] PSFs folloWing an 8-bit operation are as folloWs: 

PSF3 PSFZ PSFl PSFO 

Z (rb[31:24] == (rb[23:16] == (rb[15:8] == 0) (rb[7:0] == 
0) 7 1:0 0) 71:0 71:0 0) 7 1:0 

CY cout[31] cout[23] cout[15] cout[7] 
OV cout[31] XOR cout[23] cout[15] XOR cout[7] 

cout[30] XOR cout[14] XOR cout 
cout[22] [6] 

[0040] The “r ” in the above tables refers to the ?nal result 
of the instruction, not the input operand. Each 8- or 16-bit 
operation updates the corresponding status ?ags in the PSF 
register. 

[0041] PSUB instructions may also be executed in 8-bit or 
16-bit mode on signed and unsigned numbers and Will 
provide saturation if the NSAT bit is clear. In 16-bit mode, 
the PSUB instruction operates as folloWs: 

rb[31:16]=SATURATE(rb[31:16]—ra[31:16]) 

rb[15:0}=SATURATE(rb[15:0]—ra[15:0]) 

[0042] PSFs after execution of a PSUB instruction in 8-bit 
mode are as folloWs: 

PSF3 PSFZ PSFl PSFO 

Z (rb[31:16] == 0) unde?ned (rb[31:16] == 0) unde?ned 
1:0 ‘.7 1:0 

S rb[31] unde?ned rb[15] unde?ned 
CY cout[31] unde?ned cout[15] unde?ned 
OV cout[31] XOR unde?ned cout[15] XOR unde?ned 

cout[30] cout[14] 

[0043] The PSUB instruction operates in 8-bit mode as 
folloWs: 

[0044] FolloWing execution of the instruction in 8-bit 
operation, PSFs are as folloWs: 

PSF3 PSFZ PSFl PSFO 

Z (rb[31:24] == (rb[23:16] == (rb[15:8] == 0) (rb[7:0] == 
0) 7 1:0 0) 7 1:0 71:0 0) 7 1:0 

CY cout[31] cout[23] cout[15] cout[7] 
OV cout[31] XOR cout[23] cout[15] XOR cout[7] 

cout[30] XOR cout[14] XOR cout 
cout[22] [6] 

[0045] The “r ” in the above tables refers to the ?nal result 
of the instruction, not the input operand. Each 8- or 16-bit 
operation updates the corresponding status ?ags in the PSF 
register. 
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[0046] Results may be saturated in both 8- and 16-bit 
rnode PADD and PSUB operations (in both signed and 
unsigned rnode). No saturation occurs for PAVG operations, 
since the average can never over?ow, and consequently OV 
is always 0. 

[0047] In 16-bit unsigned rnode, saturation for the PADD 
instruction occurs as follows: 

[0048] If ((c==1) && (NSAT==0)) rb[31:16]=0XFFFF 
[0049] (Here, C represents the current carry value that will 
be written in to the PSF register at the end of the instruction.) 

[0050] If ((c==1) && (NSAT==0) rb[15:0]=0XFFFF 
[0051] In 8-bit unsigned rnode, saturation for the PADD 
instruction occurs as follows: 

[0056] In 16-bit unsigned rnode, saturation for the PSUB 
instruction occurs as follows: 

[0057] If ((c==0) && (NSAT==0)) rb[31:16]=0x0000 

[0058] If ((c==0) && (NSAT==0)) rb[15:0]=0X0000 
[0059] If 8-bit unsigned rnode, saturation for the PSUB 
instruction occurs as follows: 

[0060] If ((c==0) && (NSAT==0) rb [31Z24]=0X00 

[0061] If ((c==0) && (NSAT==0) rb [23Z16]=0X00 

[0062] If ((c==0) && (NSAT==0) rb[1528]=0X00 

[0063] If ((c==0) && (NSAT==0) rb[720]=0X00 
[0064] In 16-bit signed rnode, saturation occurs as fol 
lows: 

[0066] If ((0 ==1) && (NSA ==0) && (surn[31 == 
0)) rb[31:16]=0X8000 

[0068] If ((OV==1) && (NSAT==0) && (surn[15]== 
0)) rb[15:0]=0X8000 

[0069] In 8-bit signed rnode, saturation occurs as follows: 

[0070] If ((OV==1) && (NSAT==0) && (surn[31]== 
1)) rb[31:24]=0X7F 

[0071] If ((0 ==1) && (NSA ==0) && (surn[31 == 
0)) rb[31:24]=0X80 

[0072] If ((OV==1) && (NSA ==0) && (surn[23 == 
1)) rb[23:16]=0X7F 

[0073] If ((OV==1) && (NSAT==0) && (surn[23]== 
0)) rb[23:16]=0X80 

[0074] If ((OV==1) && (NSAT==0) && (surn[15]== 
1)) rb[15:8]=0X7F 

[0075] If ((0 ==1) && (NSA ==0) && (surn[15 == 
0)) rb[15:8]=0X80 
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[0078] If OV is 1, surn[7] is the inverse of cout[7] because 
OV=cout[6] XOR cout[7]. Also, if OV=1, then surn[7]=cout 
[6]. Therefore, if OV=1, surn[7] is the inverse of cout[7]. As 
used here, OV represents the current value that will be 
written into the PSF register at the end of the current cycle. 

[0079] In FIG. 5, the circuit 118 for 8-bit PADD, PSUB, 
and PAVG operations can handle both signed and unsigned 
operands. When the USIMD bit 160 is set to 1, the operands 
164, 172 are treated as unsigned operands; when the USIMD 
bit 160 is set to 0, the operands 164, 172 are treated as signed 
operands. Bit 7166, 174 of each input operand 166, 172 is 
input into a multiplexer 202, 200. If the USIMD bit 160 is 
set to 0, bit 7166, 174 is output from each multiplexer 202, 
200 as bit 8186, 178, which is added to the input operand 
164, 174 to produce a 9-bit operand 180, 184 which is input 
into a 9-bit adder 74. If the SIMD bit 160 is set to 1, a 0162, 
170 is output from each multiplexer 202, 200 as bit 8186, 
178, which is added to the input operand 164, 174 to produce 
the 9-bit operand 180, 184 which is input into the 9-bit adder 
74. 

[0080] Bits 6 (cout[6]78) and 7 (cout[7]76) of the result in 
the 9-bit adder 74 are input to an XOR gate 80 and the result 
is sent to a ?rst AND gate 86. The other input to AND gate 
86 indicates whether a PAVG instruction 82 is being 
eXecuted. This input 82 is inverted 84 before it is input to the 
?rst AND gate 86. If a PAVG instruction 82 is being 
eXecuted, the input to the AND gate 86 is 0. If both the inputs 
to the ?rst AND gate 86 from the inverter 84 and the XOR 
gate 80 are 1, then the PSV OV ?ag 110 will be set to 1, 
indicating an over?ow result. When a PAVG instruction 82 
is executed, the PSF OV ?ag is always set to 0. 

[0081] Cout[7]76 is also input 208, 76 to two rnultipleXers 
212, 204 (the bit is inverted 206 before being input to one 
of the rnultipleXers 212) along with the result 210, 202 from 
XOR gate 80. If the USIMD bit 60 is 1, the Cout[7] value 
208, 76 is output 216, 214 to a three-way multiplexer 218. 
The output 108 from the three-way multiplexer 218 depends 
on the operation performed by the circuit—PSUB 216, 
PADD 214, or PAVG 200 (0 is always output if PAVG is 
performed). This output 108 represents the current over?ow 
of the operation (and will be discussed further below). 

[0082] The output 120 (surn[8:0]) from the adder 74 is 
divided into surn[7:0]90 and surn[8:1]88 (the average of the 
two operands) and sent to a multiplexer 92. If a PAVG 
instruction 82 is being executed, the multiplexer 92 will 
output 114 the average, or surn[8:1]88, to a second rnulti 
pleXer 100; otherwise, surn[7:0]90 will be output 114 to the 
second multiplexer 100. 

[0083] The other input 198 to the second multiplexer 100 
represents saturation values. Cout[7]76 is input to a third and 
fourth multiplexer 94, 192. If the value of Cout[7]76 is 0, 
0X7F 98 is output 112 from the third multiplexer 94 to a ?fth 
multiplexer 196, while 0X00 is output 194 from the fourth 
multiplexer 192 to the ?fth multiplexer 196. If Cout[7]76 is 
1, 0X80 95 is output 112 from the third multiplexer 94 to the 
?fth multiplexer 196 while OXFF is output 194 from the 
fourth multiplexer 192 to the ?fth multiplexer 196. If the 
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USIMD bit 160 is 0, the output from the third multiplexer 94 
is output to the second multiplexer 100; if the USIMD bit 
160 is 1, the output from the fourth multiplexer 192 is sent 
to the second multiplexer 100. 

[0084] Asecond AND gate 102 is connected to the second 
multiplexer 100. The inputs to the AND gate 102 are the 
output 108 from the three-Way multiplexer 218 Which indi 
cates Whether there is over?oW in the current operation and 
a line 124 indicating Whether the result should be saturated 
(if the NSAT bit 106 is set to 1, the result should not be 
saturated; if it is set to 0, the result should be saturated. The 
NSAT bit 106 is inverted 104 and input 124 to the second 
AND gate 102.). If there is over?oW 108 and if the result 
should be saturated 124, the output 116 (i.e., the result of the 
operation) from the second multiplexer 100 is the saturated 
value 198. OtherWise the result 116 is either sum[7:0]90 for 
a PADD or PSUB operation or sum[8:1]88 for a PAVG 

operation. A circuit for handling operands of different siZes, 
for instance 16 bits, Works on similar principles. 

[0085] PMIN and PMAX can operate in 8-bit or 16-bit 
mode With signed or unsigned data depending on the 
USIMD bit. In 16-bit mode, PMIN and PMAX instructions 
are executed as folloWs: 

[0086] rb[31:16]=MIN(rb[31:16],ra[31:16]) 

[0087] 

[0088] 

[0090] PSFs are updated as folloWs folloWing execution of 
a PMIN or PMAX instruction in 16-bit mode: 

PSF3 PSF2 PSFl PSFO 

Z (rb[31:16] == 0) unde?ned (rb[15:0] == 0) unde?ned 
‘.7 1:0 ‘.7 1:0 

S rb[31] unde?ned rb[15] unde?ned 
CY cout[31] unde?ned cout[15] unde?ned 
OV cout[31] XOR unde?ned cout[15] XOR unde?ned 

cout[30] cout[14] 

[0091] In 8-bit mode, PMIN and PMAX instructions are 
executed as folloWs: 

[0092] rb[31:24]=MIN(rb[31:24],ra[31:24]) 

[0093] rb[23:16]=MIN(rb[23:16],ra[23:16]) 

[0094] 

[0095] 
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[0100] FolloWing execution of the PMIN or PMAX 
instruction in 8-bit mode, the PSFs are as folloWs: 

PSF3 PSF2 PSFl PSFO 

Z (rb[31:24] == (rb[23:16] == (rb[15:8] == 0) (rb[7:0] == 
0) 7 1:0 0) 7 1:0 71:0 0) 7 1:0 

CY cout[31] cout[23] cout[15] cout[7] 
OV cout[31] XOR cout[23] cout[15] XOR cout[7] 

cout[30] XOR cout[14] XOR cout 
cout[22] [6] 

[0101] In the above tables, “rb” refers to the ?nal result of 
the instruction, not the input operand. Each 8- or 16-bit 
operation updates the corresponding status ?ags in the PSF 
register. 
[0102] The PABS instruction may be executed in either 8 
or 16-bit mode depending on the HSIMD PSW bit. The 
NSAT bit in the PSW does not affect the behavior of the 
PABS instruction. In 16-bit mode, the PABS instruction is 
executed as folloWs: 

[0103] rb[31:16]=ABS(ra[31:16]) 
[0104] rb[15:0]=ABS(ra[15:0]) 

[0105] After execution of the PABS instruction in 16-bit 
mode, the PSFs are updated as folloWs: 

PSF3 PSF2 PSFl PSFO 

Z (rb[31:16] == 0) unde?ned (rb[15:0] == 0) ‘.7 1:0 unde?ned 
‘.7 1:0 

S 0 unde?ned 0 unde?ned 
CY cout[31] unde?ned cout[15] unde?ned 
OV cout[31] XOR unde?ned cout[15] XOR unde?ned 

cout[30] cout[14] 

[0106] In 8-bit mode, the PABS instruction is executed as 
folloWs: 

[0107] rb[31:24]=ABS(ra[31:24]) 
[010s] rb[23:16]=ABS(ra[23:16]) 
[0109] rb[15:8]=ABS(ra[15:8]) 
[0110] rb[7:0]=ABS(ra[7:0]) 

[0111] After execution of the PABS instruction in 8-bit 
mode, the PSFs are updated as folloWs: 

PSF3 PSF2 PSFl PSFO 

S 0 0 0 0 

CY Cout[31] cout[23] cout[15] cout[7] 
OV cout[31] XOR cout[23] cout[15] XOR cout[7] 

cout[30] XOR cout[14] XOR cout 
cout[22] [6] 

[0112] In the above tables, “rb” refers to the ?nal result of 
the instruction, not the input operand. Each 8- or 16-bit 
operation updates the corresponding status ?ags in the PSF 
register. 
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[0113] The ?ags tables assume the PABS operation results 
in 0-ra in the adder. Therefore; over?oW Will only be set in 
one case, When the input is 0x80. This is the only instance 
Where the true result of the PABS operation cannot be 
represented in the required number of bits. 

[0114] The PABS function behaves as folloWs as shoWn in 
FIG. 6. After the PABS instruction is received (block 60), if 
the sign bit of the input is 1 (block 62), and all the other bits 
are 0 (block 64), the result is the 1’s complement of the input 
(block 66). If the sign of the input is 1 (block 62), and the 
other bits are not all 0 (block 64), the result is the 2’s 
complement of the input (block 70). If the sign bit of the 
input is 0 (block 62), the result is the input (block 68). For 
example, in 8-bit mode, ABS(0xFF)=0x01, ABS(0x80)= 
0x7F, and ABS(0x01)=0x01. In 16-bit mode, 
ABS(0xFFFF)=0x0001, ABS(0x8000)=0x7FFF, and 
ABS(0x0FFF)=0x0FFF. FolloWing execution of the instruc 
tion, the PSF register is updated (block 72). 

[0115] The PCMP instruction may be executed in 8- or 
16-bit mode on signed or unsigned operands. In executing 
this instruction, a subtraction is performed Without updating 
the destination register. Instead, the condition code ?ags in 
the PSF register are modi?ed. In 16-bit mode, the PCMP 
operation is as folloWs: 

[0118] Following execution of a PCMP instruction in 
16-bit mode, PSFs are updated as folloWs: 

PSF3 PSF2 PSF1 PSFO 

Z (sum[31:16] == 0) unde?ned (sum[15:0] == 0) unde?ned 
‘.7 1:0 ‘.7 1:0 

S sum[31] unde?ned sum[15] unde?ned 
CY cout[31] unde?ned cout[15] unde?ned 
OV cout[31] XOR unde?ned cout[15] XOR unde?ned 

cout[30] cout[14] 

[0119] In 8-bit mode, the PCMP operation is as folloWs: 

[0120] PSF3=CMP(rb[31:24],ra[31:24]) 
[0121] PSF2=CMP(rb[23:16],ra[23:16]) 
[0122] PSF1=CMP(rb[15:8],ra[15:8]) 
[0123] PSFO=CMP(rb[7:0],ra[7:0]) 

[0124] The PSF register is updated as folloWs: 
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[0125] Each 8- or 16-bit operation updates the correspond 
ing status ?ags in the PSF register. 

[0126] PCMOV instructions may be executed in either 16 
or 8-bit mode. The instructions test the condition code in the 
PTEST register (discussed above) against the 4 sets of ?ags 
in the PSF register. If the speci?ed condition is true, the 
corresponding 8 or 16 bits is moved. The PCMOV instruc 
tion operates in 16-bit mode as folloWs: 

[0127] If (PSF3==cnd(PTEST[3:0])) rb[31:16]=ra 
[31:16] 

[0128] If (PSF1==cnd(PTEST[3:0])) rb[15:0]=ra[15:0] 
[0129] The PCMOV instruction operates in 8-bit mode as 
folloWs: 

[0130] If (PSF3==cnd(PTEST[3:0])) rb[31:24]=ra 
[31:24] 

[0131] If (PSF2==cnd(PTEST[3:0])) rb[23:16]=ra 
[23:16] 

[0132] If (PSF1==cnd(PTEST[3:0])) rb[15:8]=ra[15:8] 

[0134] To illustrate execution of a PCMOV instruction, in 
FIG. 7, When a PCMOV instruction is received (block 124), 
8- or 16-bit mode is speci?ed. If 16-bit mode is indicated 
(block 126), the PSF3 and PSF1 ?ags are tested against the 
condition code in the PTEST register (blocks 128, 132). If 
the speci?ed condition is true, the operand (“ra”) associated 
With the tested PSF is moved to a destination register (“rb”), 
i.e., ra[31:16] is moved to rb[31:16] (block 130) and ra[15:0] 
is moved to rb[15:0] (block 134). If a speci?ed condition is 
not true (blocks 128, 132) or an operand is moved (blocks 
130, 134), execution of the instruction is ?nished (block 
152). 
[0135] If 8-bit mode is speci?ed (block 126), the PSF3, 
PSF2, PSF1, and PSFO ?ags are tested against the condition 
code in the PTEST register (blocks 136, 140, 144, 148). If 
the speci?ed condition is true, the operand associated With 
the tested PSF is moved to a destination register, i.e., 
ra[31:24] is moved to rb[31:24] (block 138), ra[23:16] is 
moved to rb[23:16] (block 142), ra[15:8] is moved to 
rb[15:8] (block 146), and ra[7:0] is moved to rb[7:0] (block 
150). If a speci?ed condition is not true (blocks 136, 140, 
144, 148) or an operand is moved (blocks 138, 142, 146, 
150), execution of the instruction is ?nished (block 154). 

[0136] The PCMOV instruction alloWs decisions on mul 
tiple data streams to be made in one cycle, for example, 

PSF3 PSFZ PSF1 PSFO 

Z (sum[31:24] == 0) (sum[23:16 == 0) ‘.7 (sum[15:08] == 0) (sum[07:00] == 0) 
71:0 1:0 71:0 71:0 

S sum[31] sum[23] sum[15] sum 
CY cout[31] cout[23] cout[15] cout[7] 
OV cout[31] XOR cout[23] cout[15] XOR cout[7] XOR 

cout[30] XOR cout[14] cout [6] 
cout[22] 
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clipping in image processing. Suppose 8x8 mode is speci?ed 
and the following transformation of each of the 4 8-bit 
results in register (“R”) 0 is desired: 

[0138] If —30<=X<=+30 then C—>X, Where c is some 
constant 

[0139] If 30<X then 255—>X 

[0140] The above may be achieved in 4 cycles, With the 
result in R1, as shoWn beloW. Suppose 

[0141] PTEST=JG 

[0142] R1=c, c, c, c 

[0143] R2=0, 0, 0, 0 

[0144] R3=-30, -30 , -30, -30 

[0145] R4=30, 30, 30, 30 

[0146] R5=255, 255, 255, 255 

[0147] The folloWing instructions are issued: 

[0148] PCMP R0, R3 

[0149] PCMOV R1, R1 

[0150] PCMP R4, R0 

[0151] PCMOV R5, R1 

[0152] Note that PCMP X,y does y-X and JG jumps if y>X. 

What is claimed is: 
1. In a processor, a method for performing a parallel 

conditional move operation comprising: 

a) comparing at least tWo sets of status indicators Which 
correspond to at least tWo operands to a corresponding 
condition code speci?ed in a register to determine 
Whether the condition indicated by the condition code 
is true for any of the status indicators; and 

b) if the condition indicated by the condition code is true 
for any of the status indicators, moving the correspond 
ing operand to a speci?ed register. 

2. The method of claim 1 Wherein each of the operands is 
obtained from a data Word having at least tWo data elements 
corresponding to operands. 

3. The method of claim 2 Wherein the number of data 
elements in each data Word is identi?ed in an instruction. 

4. A processor-readable storage medium storing an 
instruction that, When executed by a processor, causes the 
processor to perform a method for performing a parallel 
condition move operation, the method comprising: 

a) comparing at least tWo sets of status indicators Which 
correspond to at least tWo operands to a corresponding 
condition code speci?ed in a register to determine 
Whether the condition indicated by the condition code 
is true for any of the status indicators; and 

b) if the condition indicated by the condition code is true 
for any of the status indicators, moving the correspond 
ing operand to a speci?ed register. 

5. The processor-readable storage medium of claim 4 
Wherein each of the operands is obtained from a data Word 
having at least tWo data elements corresponding to operands. 
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6. The processor-readable storage medium of claim 5 
Wherein a number of operands in each data Word identi?ed 
in the instruction is speci?ed in the instruction. 

7. In a processor, a method for performing a parallel 
absolute operation comprising: 

a) determining the absolute value of at least tWo operands 
by employing one of the folloWing approaches based 
on the sign bit of each of the at least tWo operands: 

i) Where the sign bit of an operand is 1 and at least one 
of the other bits is 1, the absolute value of the 
operand is the 2’s complement of the operand; 

ii) Where the sign bit of the operand is 1 and each of the 
other bits is 0, the absolute value of the operand is the 
1’s complement of the operand; and 

iii) Where the sign bit of the operand is 0, the absolute 
value of the operand is the value of the operand, 
Wherein over?oW is set only When the operand is 
0X80; and 

b) placing the absolute value of each of the at least tWo 
operands in at least tWo registers speci?ed to receive 
the absolute value of the at least tWo operands. 

8. The method of claim 7 further comprising updating 
parallel status ?ags in each parallel status ?ags register 
corresponding to each register speci?ed to receive the abso 
lute value of one of the at least tWo operands. 

9. The method of claim 7 Wherein each of the operands is 
obtained from a data Word having at least tWo data elements 
corresponding to operands. 

10. The method of claim 9 Wherein the number of data 
elements in each data Word is identi?ed in an instruction. 

11. A processor-readable storage medium storing an 
instruction that, When eXecuted by a processor, causes the 
processor to perform a method for performing a parallel 
absolute operation, the method comprising: 

a) determining the absolute value of at least tWo operands 
by employing one of the folloWing approaches based 
on the sign bit of each of the at least tWo operands: 

i) Where the sign bit of an operand is 1 and at least one 
of the other bits is 1, the absolute value of the 
operand is the 2’s complement of the operand; 

ii) Where the sign bit of the operand is 1 and each of the 
other bits is 0, the absolute value of the operand is the 
1’s complement of the operand; and 

iii) Where the sign bit of the operand is 0, the absolute 
value of the operand is the value of the operand, 
Wherein over?oW is set only When the operand is 
0X80; and 

b) placing the absolute value of each of the at least tWo 
operands in at least tWo registers speci?ed to receive 
the absolute value of the at least tWo operands. 

12. The processor-readable storage medium of claim 11 
further comprising a parallel absolute instruction that causes 
a processor to update parallel status ?ags in each parallel 
status ?ags register corresponding to the speci?ed register. 

13. The processor-readable storage medium of claim 11 
Wherein each of the operands is obtained from a data Word 
having at least tWo data elements corresponding to operands. 

14. The processor-readable storage medium of claim 13 
Wherein a number of operands in each data Word identi?ed 
in the instruction is speci?ed in the instruction. 
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15. In a processor, a method for saturating a result of a 
?rst operation comprising: 

a) adding together tWo m-bit operands; 

b) outputting the m most signi?cant bits as the result When 
an average operation is performed, otherWise output 
ting the m least signi?cant bits as the result, Wherein the 
result of the m least signi?cant bits is saturated if there 
is over?oW and if saturation is enabled; and 

c) placing the result in a speci?ed register. 
16. The method of claim 15 Wherein the operands are 

signed. 
17. The method of claim 15 Wherein the operands are 

unsigned. 
18. The method of claim 15 further comprising setting an 

over?oW ?ag When adding the tWo operands together results 
in an over?oW. 

19. The method of claim 15 Wherein each of the m-bit 
operands is obtained from an n-bit data Word having at least 
tWo m-bit data elements corresponding to m-bit operands. 

20. The method of claim 19 Wherein the number of m-bit 
data elements in each data Word is identi?ed in an instruc 
tion. 

21. The method of claim 15 Wherein at least one addi 
tional operation is performed in parallel With the ?rst 
operation. 

22. The method of claim 15 further comprising updating 
parallel status ?ags in each parallel status ?ags register 
corresponding to each speci?ed register. 

23. A circuit con?gured to saturate a result of a ?rst 
operation comprising: 

a) an m+1-bit adder for adding together tWo m-bit oper 
ands and outputting an m+1 bit result; 
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b) coupled to the adder, a ?rst multiplexer for outputting 
one of the folloWing values: 

i) the m least signi?cant bits output by the adder; or 

ii) the m most signi?cant bits output by the adder, 
Wherein the m most signi?cant bits is output by the 
?rst multiplexer When an average instruction is 
executed; 

c) a second multiplexer coupled to a third multiplexer for 
outputting a selected saturation value; and 

d) coupled to the adder, the third multiplexer for output 
ting one of the folloWing values: 

i) the output from the ?rst multiplexer; or 

ii) the output from the second multiplexer, Wherein the 
output from the second multiplexer is output by the 
third multiplexer When there is over?oW and satu 
ration is enabled. 

24. The circuit of claim 23 further comprising means for 
setting an over?oW ?ag, the setting means coupled to the 
third multiplexer. 

25. The circuit of claim 23 further comprising ?fth and 
sixth multiplexer for outputting saturated values. 

26. The circuit of claim 23 Wherein the output of the 
selected saturation value is determined by Whether operands 
are signed or unsigned. 

27. The circuit of claim 23 Wherein the operation is an 
addition operation. 

28. The circuit of claim 23 Wherein the operation is a 
subtraction operation. 

29. The circuit of claim 23 Wherein the operation is an 
average operation. 


