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ith '1's, packed and right justified, all other Rxol|Rxe bits packed and left 
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Rte, Rxe, Rye RtoRte - All bits from RxoIRxe corresponding to bit positions in Ryol, Rye 
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Rite, Rxe, Rye Rtol Rte - Ali bits from Rxorxe corresponding to bit positions in Ryo Rye 
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FBITRAKESPAM.1D.UXZ Do operation only if TF condition is satisfied in ACFs None 
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and right justified, all other robits packed and left iustified. 
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C = Not Affected 
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See also ASFOefinitions in chapter of Cond floral Execution 
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METHODS AND APPARATUS FOR A BIT RAKE 
INSTRUCTION 

0001. The present application claims the benefit of U.S. 
Provisional Application Serial No. 60/335,159 filed Nov. 1, 
2001, which is incorporated by reference herein in its 
entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to improve 
ments in computational processing. More specifically, the 
present invention relates to a System and method for pro 
Viding a bit rake instruction to extract a pattern of bits from 
a Source register. 

BACKGROUND OF THE INVENTION 

0003. In many communications-related standards a need 
exists for an instruction that allows getting or putting Several 
bits from or to a register without having to operate on one 
bit at a time through a series of bit load or bit store 
instructions. For example, in ADSL QAM encoding every 
other bit from a bit Stream is packed together to create a 
two's complement integer. When performing puncturing in 
convolutional encoding, Some of the encoder's output bits 
are omitted before transmission. In one puncturing tech 
nique, every fourth bit is removed. In another case, bits 3, 4, 
9, 10, 15, 16 and the like are removed. When performing 
bit-wise interleaving, a bit stream is shuffled to increase 
protection against bursts of errors. One mapping used in 
802.11a requires that the reordered bit stream contains bits 
1, 21, 38, 55, 75, 92 and the like of the original bit stream. 

SUMMARY OF THE INVENTION 

0004. The present invention provides a programmable 
System and method for performing a bit rake instruction 
which extracts an arbitrary pattern of bits from a Source 
register, based on a mask provided in another register, and 
packs and right justifies the bits into a target register. The bit 
rake instruction allows any set of bits from the Source 
register to be packed together. 
0005. A more complete understanding of the present 
invention, as well as further features and advantages of the 
invention, will be apparent from the following detailed 
description and the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 illustrates an exemplary ManArray DSP 
and DMA subsystem appropriate for use with this invention; 
0007 FIG. 2A shows an exemplary encoding of a bit 
rake instruction in accordance with the present invention; 
0008 FIG. 2B shows an exemplary operation of a bit 
rake instruction in accordance with the present invention; 
0009 FIG. 2C shows syntax and operation of a bit rake 
instruction in accordance with the present invention; 
0010 FIGS. 3A and 3B show diagrams of a bit rake 
apparatus in accordance with the present invention; 
0.011 FIG. 4 shows the sorting of groups of asserted 
mask bits in accordance with the present invention; 
0012 FIG. 5 shows a right-shift to left-shift example in 
accordance with the present invention; 
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0013 FIG. 6 shows a 3-level shifter in accordance with 
the present invention; 
0014 FIG. 7 shows a data path diagram in accordance 
with the present invention; 
0.015 FIG. 8 shows an adder tree in accordance with the 
present invention; 
0016 FIG. 9A shows a data path structure in accordance 
with the present invention; 
0017 FIG. 9B shows a shifter and multiplexer stage in 
accordance with the present invention; and 
0018 FIG. 10 shows a diagram of a bit rake instruction 
apparatus in accordance with the present invention 

DETAILED DESCRIPTION 

0019. The present invention now will be described more 
fully with reference to the accompanying drawings, in which 
Several presently preferred embodiments of the invention are 
shown. This invention may, however, be embodied in vari 
ous forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure will be thorough and 
complete, and will fully convey the Scope of the invention 
to those skilled in the art. 

0020) Further details of a presently preferred Man Array 
core, architecture, and instructions for use in conjunction 
with the present invention are found in U.S. patent applica 
tion Ser. No. 08/885,310 filed Jun. 30, 1997, now U.S. Pat. 
No. 6,023,753, U.S. patent application Ser. No. 08/949,122 
filed Oct. 10, 1997, now U.S. Pat. No. 6,167,502, U.S. patent 
application Ser. No. 09/169,256 filed Oct. 9, 1998, now U.S. 
Pat. No. 6,167,501, U.S. patent application Ser. No. 09/169, 
072 filed Oct. 9, 1998, now U.S. Pat. No. 6,219,776, U.S. 
patent application Ser. No. 09/187,539 filed Nov. 6, 1998, 
now U.S. Pat. No. 6,151,668, U.S. patent application Ser. 
No. 09/205,558 filed Dec. 4, 1998, now U.S. Pat. No. 
6,173,389, U.S. patent application Ser. No. 09/215,081 filed 
Dec. 18, 1998, now U.S. Pat. No. 6,101,592, U.S. patent 
application Ser. No. 09/228,374 filed Jan. 12, 1999, now 
U.S. Pat. No. 6,216,223, U.S. patent application Ser. No. 
09/471,217 filed Dec. 23, 1999, now U.S. Pat. No. 6,260, 
082, U.S. patent application Ser. No. 09/472,372 filed Dec. 
23, 1999, now U.S. Pat. No. 6,256,683, U.S. patent appli 
cation Ser. No. 09/238,446 filed Jan. 28, 1999, U.S. patent 
application Ser. No. 09/267,570 filed Mar. 12, 1999, U.S. 
patent application Ser. No. 09/337,839 filed Jun. 22, 1999, 
U.S. patent application Ser. No. 09/350,191 filed Jul. 9, 
1999, U.S. patent application Ser. No. 09/422,015 filed Oct. 
21, 1999, U.S. patent application Ser. No. 09/432,705 filed 
Nov. 2, 1999, U.S. patent application Ser. No. 09/596,103 
filed Jun. 16, 2000, U.S. patent application Ser. No. 09/598, 
567 filed Jun. 21, 2000, U.S. patent application Ser. No. 
09/598.564 filed Jun. 21, 2000, U.S. patent application Ser. 
No. 09/598,566 filed Jun. 21, 2000, U.S. patent application 
Ser. No. 09/598,558 filed Jun. 21, 2000, U.S. patent appli 
cation Ser. No. 09/598,084 filed Jun. 21, 2000, U.S. patent 
application Ser. No. 09/599,980 filed Jun. 22, 2000, U.S. 
patent application Ser. No. 09/711,218 filed Nov. 9, 2000, 
U.S. patent application Ser. No. 09/747,056 filed Dec. 12, 
2000, U.S. patent application Ser. No. 09/853,989 filed May 
11, 2001, U.S. patent application Ser. No. 09/886,855 filed 
Jun. 21, 2001, U.S. patent application Ser. No. 09/791,940 
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filed Feb. 23, 2001, U.S. patent application Ser. No. 09/792, 
819 filed Feb. 23, 2001, U.S. patent application Ser. No. 
09/792.256 filed Feb. 23, 2001, U.S. patent application Ser. 
No. entitled “Methods and Apparatus for Efficient 
Vocoder Implementations' filed Oct. 19, 2001, Provisional 
Application Serial No. 60/251,072 filed Dec. 4, 2000, Pro 
visional Application Serial No. 60/281,523 filed Apr. 4, 
2001, Provisional Application Serial No. 60/283,582 filed 
Apr. 13, 2001, Provisional Application Serial No. 60/287, 
270 filed Apr. 27, 2001, Provisional Application Serial No. 
60/288,965 filed May 4, 2001, Provisional Application 
Serial No. 60/298,624 filed Jun. 15, 2001, Provisional Appli 
cation Serial No. 60/298,695 filed Jun. 15, 2001, Provisional 
Application Serial No. 60/298,696 filed Jun. 15, 2001, 
Provisional Application Serial No. 60/318,745 filed Sep. 11, 
2001, Provisional Application Serial No. entitled 
“Methods and Apparatus for Video Coding filed Oct. 30, 
2001 all of which are assigned to the assignee of the present 
invention and incorporated by reference herein in their 
entirety. 
0021. In a presently preferred embodiment of the present 
invention, a Man Array 2x2 iVLIW single instruction mul 
tiple data stream (SIMD) processor 100 as shown in FIG. 1 
may be adapted as described further below for use in 
conjunction with the present invention. Processor 100 com 
prises a sequence processor (SP) controller combined with a 
processing element-0 (PE0) to form an SP/PE0 combined 
unit 101, as described in further detail in U.S. patent 
application Ser. No. 09/169,072 entitled “Methods and 
Apparatus for Dynamically Merging an Array Controller 
with an Array Processing Element”. Three additional PES 
151,153, and 155 are also labeled with their matrix positions 
as shown in parentheses for PE0 (PE00) 101, PE1 
(PE01)151, PE2 (PE10) 153, and PE3 (PE11) 155. The 
SP/PE0101 contains an instruction fetch (I-fetch) controller 
103 to allow the fetching of “short” instruction words (SIW) 
or abbreviated-instruction words from a B-bit instruction 
memory 105, where B is determined by the application 
instruction-abbreviation process to be a reduced number of 
bits representing ManArray native instructions and/or to 
contain two or more abbreviated instructions as described in 
the present invention. If an instruction abbreviation appara 
tus is not used then B is determined by the SIW format. The 
fetch controller 103 provides the typical functions needed in 
a programmable processor, Such as a program counter (PC), 
a branch capability, eventpoint loop operations (see U.S. 
Provisional Application Serial No. 60/140,245 entitled 
“Methods and Apparatus for Generalized Event Detection 
and Action Specification in a Processor filed Jun. 21, 1999 
for further details), and Support for interrupts. It also pro 
vides the instruction memory control which could include an 
instruction cache if needed by an application. In addition, 
the I-fetch controller 103 controls the dispatch of instruction 
words and instruction control information to the other PES in 
the system by means of a D-bit instruction bus 102. D is 
determined by the implementation, which for the exemplary 
ManArray coprocessor D=32-bits. The instruction bus 102 
may include additional control Signals as needed in an 
abbreviated-instruction translation apparatus. 
0022. In this exemplary system 100, common elements 
are used throughout to Simplify the explanation, though 
actual implementations are not limited to this restriction. For 
example, the execution units 131 in the combined 
SP/PE0101 can be separated into a set of execution units 
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optimized for the control function; for example, fixed point 
execution units in the SP, and the PE0 as well as the other 
PES can be optimized for a floating point application. For the 
purposes of this description, it is assumed that the execution 
units 131 are of the same type in the SP/PE0 and the PEs. 
In a similar manner, SP/PE0 and the other PES use a five 
instruction slot iVLIW architecture which contains a VLIW 
instruction memory (VIM) 109 and an instruction decode 
and VIM controller functional unit 107 which receives 
instructions as dispatched from the SP/PEO's I-fetch unit 
103 and generates VIM addresses and control signals 108 
required to access the iVLIWS stored in the VIM. Refer 
enced instruction types are identified by the letters SLAMD 
in VIM 109, where the letters are matched up with instruc 
tion types as follows: Store (S), Load (L), ALU (A), MAU 
(M), and DSU (D). 
0023 The basic concept of loading the iVLIWs is 
described in further detail in U.S. patent application Ser. No. 
09/187,539 entitled “Methods and Apparatus for Efficient 
Synchronous MIMD Operations with iVLIW PE-to-PE 
Communication'. Also contained in the SP/PE0 and the 
other PEs is a common PE configurable register file 127 
which is described in further detail in U.S. patent application 
Ser. No. 09/169,255 entitled “Method and Apparatus for 
Dynamic Instruction Controlled Reconfiguration Register 
File with Extended Precision”. Due to the combined nature 
of the SP/PE0, the data memory interface controller 125 
must handle the data processing needs of both the SP 
controller, with SP data in memory 121, and PE0, with PEO 
data in memory 123. The SP/PE0 controller 125 also is the 
controlling point of the data that is sent over the 32-bit or 
64-bit broadcast data bus 126. The other PES, 151,153, and 
155 contain common physical data memory units 123", 123", 
and 123" though the data stored in them is generally 
different as required by the local processing done on each 
PE. The interface to these PE data memories is also a 
common design in PES 1, 2, and 3 and indicated by PE local 
memory and data bus interface logic 157, 157 and 157". 
Interconnecting the PES for data transfer communications is 
the cluster Switch 171 various aspects of which are described 
in greater detail in U.S. patent application Ser. No. 08/885, 
310 entitled “Manifold Array Processor", now U.S. Pat. No. 
6,023,753, and U.S. patent application Ser. No. 09/169,256 
entitled “Methods and Apparatus for Manifold Array Pro 
cessing”, and U.S. patent application Ser. No. 09/169.256 
entitled “Methods and Apparatus for ManArray PE-to-PE 
Switch Control”. The interface to a host processor, other 
peripheral devices, and/or external memory can be done in 
many ways. For completeness, a primary interface mecha 
nism is contained in a direct memory access (DMA) control 
unit 181 that provides a scalable Man Array data bus 183 that 
connects to devices and interface units external to the 
ManArray core. The DMA control unit 181 provides the data 
flow and bus arbitration mechanisms needed for these exter 
nal devices to interface to the Man Array core memories via 
the multiplexed bus interface represented by line 185. A high 
level view of a ManArray control bus (MCB) 191 is also 
shown in FIG. 1. 

0024. As seen in instruction format 200 of FIG. 2A, a bit 
rake instruction operating as shown in diagram 220 of FIG. 
2B copies all bits, determined by a mask register, Such as 
Rye, from a Source register, Such as RXe, and packs the bits 
into the least significant bit (LSB) positions of a target 
register, such as Rte. FIG. 2C shows a block diagram 250 
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of exemplary Syntax and operation of a bit rake instruction 
in accordance with the present invention. For the double 
word .1D version 255, the high order bits of Rte may be set 
to zero (Z), to the most significant bit (MSB) of the 
extracted field (X), or to the un-extracted (unmasked) RXe 
bits (U). Rye contains 1's in the bit positions that are copied 
from Rxe to the LSB positions of Rte. Rye contains '0's at 
the bit positions that are either copied from Rxe to the MSB 
positions of Rte, or are ignored. Thus, in a preferred embodi 
ment, RXe, Rye and Rte are the same size. The Syntax and 
operation of the word .1W version 260 of a bit rake 
instruction is also shown in FIG. 2C. 

0025. As seen in the example shown in FIG. 2B, the 
lower case letters (a-f) represent unmasked Source bit 
regions and the upper case letters (S, A-J) represent the 
masked Source bits. S & A-J are merged toward the right, 
and either the unmasked Source bit-regions (a-f) are merged 
toward the left, or Zero or the most significant extracted bit 
(S), is extended toward the left. Utilizing the syntax shown 
in FIG. 2C, Such instruction could be written as: 

BITRAKESPA.1D.UXZRte, Rxe, Rye 
0.026 Further variations could also be generalized to dual 
32-bit as well as other data 

0027. The present invention includes techniques which 
Segments the implementation of a bit rake instruction into 
multiple Simpler problems which are more easily Solved. 
The Segmentation technique includes both temporal and 
Spatial aspects. Multiple Successive Stages are employed 
with each stage building on the previous stage's result. 
Information flows through the Stages temporally. Informa 
tion at each Stage is partitioned into multiple independent 
information groups, thereby improving operation concur 
rency Spatially. AS information advances through the Stages, 
the number of independent information groups decreases 
while the size of each group increases. AS the group size 
increases, So does the regularity of the information within, 
allowing increasingly efficient data movement at each Suc 
cessive Stage. 
0028 FIG. 3A shows a block diagram of a bit rake 
apparatus 300 in accordance with the present invention. AS 
seen in FIG. 3A, the present invention may suitably include 
three primary functional blocks: an adder tree block 310, a 
mask path block 320 and a data path block 330, each 
comprising a plurality of Stages. The adder tree 310 com 
putes the sum of the number of mask bits in each of the 
groups for all power-of-two group sizes. The adder tree 
block 310 comprises a plurality of adder stages, with each 
adder's Sum and carry output providing control to the 
corresponding mask path block 320 and data path block 330. 
The mask path block 320 provides individual group masks 
at each Stage for use in controlling the Selection of data in the 
data path block 330. 
0029. As described in greater detail below, data and mask 
movement in the mask path block 320 and data path block 
330 utilizes a binary shifter followed by a multiplexer. The 
depth of the binary shifter increases by one multiplexer level 
with each Stage advance. Shifting amounts and group sizes 
are restricted to powers-of-two to maintain minimal propa 
gation delays through shifters, and yield the most efficient 
adder Sizing. 
0030 Propagation delays through the three primary func 
tional blocks 310,320 and 330 and their inter-block controls 
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340 and 350 are preferably balanced. Results at each stage 
in all three blockS proceed through their paths in unison. 
Depending upon the implementation and technology pro 
ceSS, the adder Stage may include a slightly longer or shorter 
delay. Balancing the propagation delay aids in minimizing 
the overall critical timing path propagation delay. 

0031 FIG. 3B shows a detailed view of the bit rake 
apparatus 300. As seen in FIG. 3B and described in greater 
detail below, the data path block 330 is controlled by the 
adder tree 310 and the mask path block 320. The numbers in 
the adder boxes in the bit adder tree 310 refer to the 
maximum value of the Sum of the inputs. Consequently, the 
output of each adder block has a maximum value which is 
a power of two. The mask path block 320 is controlled by the 
adder tree block 310. It is noted that depending upon the 
implementation and circuit technology chosen, the first 
several levels of the adder tree block 310, mask path block 
320 and data path 330 may undergo logic reduction to result 
in a more efficient gate usage and minimal delay, yet 
maintain the same functionality. 
0032. The following provides an example describing the 
data movement through the Stages in a right-shifting fashion, 
showing how data moves from a programmer's perspective. 
Next, it is shown that by reorienting portions of the infor 
mation, left shifting, and using the normally occurring carry 
outputs from the adder tree, a more efficient data movement 
mechanism, with reduced size and delay, is produced. After 
the basic extraction mechanism is described for extracting 
all of the masked data, a description is given for how to also 
generate the extraction of the unmasked bits. 
0033 FIG. 4 includes an exemplary diagram 400 show 
ing how a 64-bit result may be obtained by successively 
Sorting groups of asserted mask bits, Such as mask bits 
contained in register Rye, in increasing powers-of-two sizes, 
Starting with Smaller groups, and progressively increasing 
the group size through an input 402 and a Series of Stages 
404, 406, 408, 410, 412 and 414. This technique may be 
Suitably applied to the data values contained in register RXe. 
AS Seen in FIG. 4, at each level or Stage, Sorting involves 
multiple independent bit groups of Similar size. The extrac 
tion technique combines each pair of adjacent bit groups by 
realigning the left group into the right group using a binary 
shifter. These combinations, from Stage to Stage, create 
continually larger groups of contiguous asserted mask bits. 
Combining groups effectively Squeezes out the embedded 
“0's, the unasserted mask bits, and repositions the left 
group’s “1's adjacent to the right group’s “1's. Some of the 
right group’s “0” bits maybe discarded. Any left group “0” 
bits are retained as shifted, Since the left group is reposi 
tioned in toto. However, the left group “0” bits too will 
eventually be discarded in Subsequent Stages. Any right 
group “1” bits are retained in their current position. 
0034. By sorting in powers-of-two as shown in FIG. 4, a 
binary shifter of increasing Size can be used at each level to 
provide an efficient realignment of bits, with little control 
logic cost or delay. In the present context, a binary shifter 
may include a shifter with only power-of-two shift amounts, 
and shifts in only one direction. Input 402 shows a field of 
64 bits. The “1's represent asserted mask bits. Data move 
ment from input 402 to stage 404 involves combining the 64 
bits into 32 groups containing 2 bits each. Each adjacent pair 
of bits is combined into a 2-bit group by moving the “1” bits 
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to the right. For example “00” becomes “00”, “01” becomes 
“O1”, “10” becomes “01, and “11” becomes “11”. Two 
mask bit movements occur in the transition from input 402 
to stage 404. 

0035) Stage 404 shows 32 groups of 2-bit fields. Data 
movement from stage 404 to stage 406 involves utilizing 
Sixteen adjacent pairs of 2-bit groups. In each of these 
Sixteen group pairs, using the number of unasserted mask 
bits in the right group of each pair, the left group is shifted 
that amount to the right. AS an example in Stage 404, bits 
404a have one “0” in the right group causing the left group 
of 2 bits to shift right 1 position. The “1” bit in the right 
group is retained, and becomes the rightmost bit in the 
resulting group of 4 bits (0.011). The middle 2 bits (01) are 
from the shifted left group, and the remaining, leftmost bit 
is “0” filled by the mechanism. 
0.036 Stage 406 shows 16 groups of 4-bit fields. Data 
movement from stage 406 to stage 408 involves utilizing 8 
adjacent pairs of 4-bit groups. In each of these 8 pairs in 
stage 406, the left group is shifted to the right by the number 
of unasserted mask bits in the right group. Any “1” bits in 
the right group are retained, and Zeros are filled on the left 
according to the shift amount. AS an example in Stage 406, 
bits 406a are right group of bits in which all 4 bits are 
asserted (1111). Since all of the bits are asserted, in moving 
from stage 406 to stage 408, the left group of bits (0.001) is 
not shifted (shifted amount equals Zero) and combined with 
the right group to form 00011111. Bits 406b are a right group 
of bits in which all 4 bits are unasserted (0000). Since all of 
the bits are unasserted, in moving from Stage 406 to Stage 
408, the left group of bits (0001) is shifted 4 positions and 
combined with the right group to form 00000001. 
0037 Stage 408 shows 8 groups of 8-bit fields. Data 
movement from stage 408 to stage 410 involves 4 adjacent 
pairs of 8-bit groups. In each of these 4 pairs in Stage 408, 
the left group is shifted to the right by the number of 
unasserted mask bits in the right group. Any “1” bits in the 
right group are retained, and Zeros are filled on the left 
according to the shift amount. 

0.038 Stage 410 shows 4 groups of 16-bit fields. Data 
movement from stage 410 to stage 412 involves 2 adjacent 
pairs of 16-bit groups. In each of these 2 pairs in Stage 410, 
the left group is shifted to the right by the number of 
unasserted mask bits in the right group. Any “1” bits in the 
right group are retained, and Zeros are filled on the left 
according to the shift amount. 

0.039 Stage 412 shows 2 groups of 32-bit fields. Data 
movement from stage 412 to stage 414 involves both 32-bit 
groups. The left group is shifted to the right by the number 
of unasserted mask bits in the right group. Any “1” bits in 
the right group are retained, and Zeros are filled on the left 
according to the shift amount. 
0040. In the example shown in FIG. 4, the number of 
unasserted mask bits was computed and used to determine 
the amount to shift right. However, in an alternate embodi 
ment of the present invention, a functionally equivalent 
alternative technique is utilized to count the number of 
asserted mask bits and left-shift a repositioned left group. 
This technique is described in further detail below and 
shown in FIG. 5 which shows a diagram 500 of an exem 
plary right-shift to left-shift in accordance with the present 
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invention. A pair of 4-bit groups 502 and 504 is shown 
generically as ABCD and WXYZ, respectively. Five cases 
506, 508, 510, 512 and 514 that occur for the legal combi 
nations of WXYZ are indicated in the left column utilizing 
the nomenclature WXYZ=XXXX. The shift right (SHR) col 
umn 516 and shift left (SHL) column 518 border the result 
column 520 containing 8-bit data patterns for each case. The 
SHR column 516 shows how the left group is shifted to the 
right and “0”-filled to the left by an amount equal to the 
number of “0” bits in the right group. The shifted left group 
502 is then merged with the “1” bits in the right group 504. 
The SHL column 518 describes how the left group 502 is 
repositioned 4 bits to the right, aligning it exactly with the 
right group 504, and then shifted to the left by an amount 
equal to the number of “1” bits in the right group 504. As 
described above, the shifted left group 502 is merged with 
the “1” bits in the right group, and Zero-filled to the left as 
required. 

0041) To obtain the results shown in the results column 
520, the right group requires a binary shifter followed by 2:1 
multiplexer to perform the merge with the “1” bits, while the 
left group requires only the binary Shifter output. Therefore, 
the left group can tolerate an additional multiplexer delay 
without increasing overall Stage delay. Further details are 
shown in FIGS. 9A and 9B and described in greater detail 
below. Using this additional left-group multiplexer under 
control of the adder carry bit to accomplish the SHL4 data 
movement, a left shifter with only 2 levels of multiplexer 
delay (SHL =00, 01, 10, 11) instead of 3 may be utilized. 
Shifting left by 4 is not needed, reducing the number of logic 
levels for binary shifters in each Stage. 

0042 FIG. 6 shows a left binary shifter 600 in accor 
dance with the present invention, where the blocks, for 
example block 610, are two-to-one multiplexers. Unlike the 
previous discussion where only a 2-bit left shifter was 
required, this shifter is used in the next Successive Stage 
where each 8-bit field is left shifted from 0 to 7 positions. In 
other words, the example shown in FIG. 5 corresponds to 
the transition from stage 406 to stage 408 in FIG. 4, and the 
binary shifter 600 of FIG. 6 corresponds to the transition 
from stage 408 to stage 410 in FIG. 4. The S, S and So 
inputs, which control the shift amount, are provided from an 
appropriate adder tree Sum output. 

0043. The mask extraction mechanism described above 
for asserted mask bits from Rye may be applied Similarly to 
the data bits from Rxe. FIG. 7 shows a data path tree 
diagram 700, Superimposed over the data fields, in accor 
dance with the present invention. Each numbered box 702 of 
FIG. 7 represents the logic to shift and align data. For clarity 
of illustration, only a single box is associated with an 
element number. The shift amount and mask bits control the 
data path at each Stage. The mask path directly determines 
which data bits are to be used. In contrast to the mask path, 
where the mask bits were retained in the right most pair of 
groups, for the data path the rightmost data bits retain their 
previous Stage's data value when their corresponding mask 
bits are asserted, and merge the left group's shifted data 
based upon the corresponding shift amount, as described in 
greater detail below with respect to FIGS. 9A and 9B. 

0044) The binary shift amounts controlling the mask path 
and data path are generated from the Rye Source. An adder 
tree 800, shown in FIG.8 Superimposed over the data fields, 
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computes Successive Sums of bits on a power-of-two basis 
from 2-bit groupS up to the larger 32-bit group for the adder 
tree functional block. In FIG. 8, each box labeled as 2 
designates an addition of 21-bit numbers, and has an output 
range from 0 to 2. Each box labeled as 4 designates an 
addition of 2 2-bit numbers, and has an output range from 0 
to 4. Each box labeled as 8 designates an addition of 23-bit 
numbers, and has an output range from 0 to 8. Each box 
labeled as 16 designates an addition of 24-bit numbers, and 
has an output range from 0 to 16. Each box labeled as 32 
designates an addition of 25-bit numbers, and has an output 
range from 0 to 32. Most of the intermediate sums as well 
as the final Sum are utilized to provide controlling data at 
each stage, as seen in FIG. 3B and indicated by lines 312. 
004.5 FIG. 9A shows a dual path structure 900 repre 
Senting typical control and data flow through the tree of the 
mask path and the data path. A rightmost data path or mask 
path branch 902 is shown with a corresponding adder tree 
branch 903. Binary shifters 904 are designated S1, S2, S3, 
S4 and S5, with the numeral suffixes referring to both the 
Stage and the number of levels of multiplexer employed. The 
binary shifters 904 receive data inputs from the left bit 
group, shown as “mask/data from other branch.” The binary 
shifters 904 receive control inputs from the adder result at 
the appropriate level of the tree, shown as the “S” (Sum) 
output from adder blocks 906. Each adder block 906 is 
designated as C2, C4, C8, C16 and C32, with the numeral 
Suffixes referring to the number of bit positions Summed 
from the Source mask for each bit group. 
0046) A plurality of single-level multiplexers (M1) 908 
and 910 are fed by the binary shifters 904 and the previous 
stage data. The leftmost M1908 refers to the leftmost bit 
group while the rightmost M1910 refers to the rightmost bit 
group at each stage. The leftmost M1908 is collectively 
controlled by the adder carry bit, and selects either the 
unshifted data bits when carry is asserted, or the shifted data 
bits when carry is unasserted. Optimal timing for the carry 
path is obtained by using an adder design where the carry out 
is no slower than the next most significant bit. Each bit of the 
rightmost M1910 is individually controlled by each of the 
corresponding mask bits. The unshifted previous Stage data 
bits are Selected where mask bits are asserted and the 
left-shifted data bits are Selected where mask bits are unas 
Serted. 

0047 FIG. 9B shows a detailed view of a shifter and 
multiplexer stage 950 suitable for use with data path struc 
ture 900. “L” refers to leftmost bit group and “R” refers to 
rightmost bit group, with “n'=2, 4, 8, 16, 32, as shown in 
FIG 9A. 

0.048 For the Zero-fill version (Z) of the bit rake instruc 
tion instruction, each asserted extracted mask bit is used to 
generate the final result by Selecting either its datapath 
values or logical Zero. For the most Significant extracted bit 
(MSEB) version (X) of this instruction, each asserted 
extracted mask bit is used to generate the final result by 
selecting either its datapath value or the MSEB. The MSEB 
value is easily determined from the input values by finding 
the first asserted mask bit and Selecting the data value, and 
can be done in parallel with the Successive bit shifting 
mechanism. 

0049 For the version of this instruction (U), which also 
Sorts the unmasked bits, each asserted extracted mask bit is 
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used to generate the final result by Selecting either its 
datapath value or the inverse result value. FIG. 10 shows a 
block diagram of circuitry 1000 suitable for performing a 
(U) version of the bit rake instruction comprising an adder 
tree blocks 1310, mask path blocks 1320 and data path 
blocks 1330. Inverse results are computed in parallel with 
this mechanism by bit reversing the Source mask and data 
values, as well as logically inverting the Source mask value, 
then using an identical mechanism that produces "raked” 
unmasked data values, which can be used in the final 
selection multiplexers 1002. The inverse source and data 
values are provided through bit reversers 1004 and an 
inverter 1006. Inclusion of logic to implement the U 
instruction form doubles the physical Size of the circuitry, 
but has negligible delay increase. 
0050. It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention without departing from the Spirit and 
Scope of the present invention. Thus, it is intended that the 
present invention cover the modifications and variations of 
this invention provided they come within the scope of the 
appended claims and their equivalents. 

We claim: 
1. A programmable apparatus for executing a bit rake 

instruction comprising: 
means for receiving the bit rake instruction; 
means for decoding the bit rake instruction defining a 

Source register, a mask register and a target register; 
and 

processing means for extracting a pattern from the Source 
register based on a mask provided from the mask 
register, and packing and justifying the pattern into the 
target register. 

2. The programmable apparatus of claim 1 wherein the 
processing means comprises an adder tree, a mask path and 
a data path. 

3. The programmable apparatus of claim 2 wherein the 
adder tree, mask path and data path each comprise a plurality 
of Stages. 

4. The programmable apparatus of claim 3 wherein the 
mask comprises a number of groups of bits, each group size 
being a power of two, and wherein the adder tree computes 
the Sum of the number of mask bits in each of the groups. 

5. The programmable apparatus of claim 4 wherein the 
plurality of Stages of the adder tree comprise adders. 

6. The programmable apparatus of claim 5 wherein each 
of the Stage's adders includes a Sum output and a carry 
output, the Sum output and the carry output controlling 
corresponding mask path and data path Stage groups. 

7. The programmable apparatus of claim 6 wherein the 
mask path provides group masks at each Stage for control 
ling Selection of corresponding group data in the data path. 

8. The programmable apparatus of claim 4 wherein the 
mask path Stages and the data path Stages comprise a binary 
shifter and at least one multiplexer. 

9. The programmable apparatus of claim 8 wherein the 
depth of the binary shifter increases by one multiplexer with 
each Stage advance. 

10. The programmable apparatus of claim 9 wherein 
shifting amounts and group sizes are restricted to powers of 
tWO. 
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11. The programmable apparatus of claim 10 wherein the 
output of each adder has a maximum value which is a power 
of two. 

12. The programmable apparatus of claim 8 wherein the 
at least one multiplexer is controlled by an adder carry bit. 

13. The programmable apparatus of claim 3 wherein the 
pattern is packed into the least Significant bit positions of the 
target register. 

14. The programmable apparatus of claim 13 wherein the 
unextracted bit positions in the target register are filled by a 
replication of the most Significant extracted bit. 

15. The programmable apparatus of claim 14 wherein the 
most significant extracted bit value is determined from the 
input values by determining a first asserted mask bit and 
Selecting a corresponding data value. 

16. The programmable apparatus of claim 1 wherein the 
unextracted bit positions in the target register are filled by 
Sorted unmasked bits. 

17. A method for executing a bit rake instruction com 
prising: 

receiving the bit rake instruction; 
decoding the bit rake instruction defining a Source regis 

ter, a mask register and a target register; 
extracting a pattern from the Source register based on a 
mask provided from the mask register by a processor 
apparatus, and 

packing and justifying the pattern into the target register 
by a processor apparatus. 

18. The method of claim 17 wherein the processor appa 
ratus comprises an adder tree, a mask path and a data path. 

19. The method of claim 18 wherein the adder tree, mask 
path and data path each comprise a plurality of Stages. 

20. The method of claim 19 wherein the mask comprises 
a number of groups of bits, each group size being a power 
of two, the method further comprising the Step of: 

computing the Sum of the number of mask bits in each of 
the groups. 

21. The method of claim 20 wherein the plurality of stages 
of the adder tree comprise adders. 
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22. The method of claim 21 wherein each of the stages 
adders includes a Sum output and a carry output, the method 
further comprising the Step of 

controlling the corresponding mask path and data path 
Stage groupS utilizing the Sum output and the carry 
output. 

23. The method of claim 22 further comprising the step of: 
providing group masks at each Stage of the mask path for 

controlling Selection of corresponding group data in the 
data path. 

24. The method of claim 20 wherein the mask path stages 
and the data path Stages comprise a binary shifter and at least 
one multiplexer. 

25. The method of claim 24 wherein the depth of the 
binary shifter increases by one multiplexer with each Stage 
advance. 

26. The method of claim 25 wherein shifting amounts and 
group sizes are restricted to powers of two. 

27. The method of claim 26 wherein the output of each 
adder has a maximum value which is a power of two. 

28. The method of claim 24 further comprising the step of: 
controlling the at least one multiplexer by an adder carry 

bit. 

29. The method of claim 19 further comprising the step of: 
packing the pattern into the least significant bit positions 

of the target register. 
30. The method of claim 29 further comprising the step of: 
filling the unextracted bit positions in the target register 

with a replication of the most significant extracted bit. 
31. The method of claim 30 wherein the most significant 

extracted bit value is determined from the input values by 
determining a first asserted mask bit and Selecting the 
corresponding data value. 32. The method of claim 17 
wherein the unextracted bit positions in the target register 
are filled by sorted unmasked bits. 
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