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(57) ABSTRACT 

The present invention is a technique to perform ?eld opera 
tions.A shifter to shift an operand. Aregister stores the shifted 
operand. A shift post processor processes the shifted operand 
based on at least a control signal and an offset parameter. 
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SHIFT PROCESSING UNIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/933,786 to Sandbote, entitled “Shifter 
for Alignment With Bit Formatter Gating Bits from Shifted 
Operand, Shifted Carry Operand and Most Signi?cant Bit” 
and ?led Aug. 20, 2001, the entirety of Which is incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] This invention relates to computer architecture. In 
particular, the invention relates to processing units. 
[0004] 2. BackgroundArt 
[0005] Digital processors are usually designed With a ?xed 
Word length to facilitate data handling and operation. The 
typical Word length is a poWer of tWo and is compatible With 
memory data siZe. In many advanced processors, the Word 
length is 32-bit, 64-bit, or 128-bit. 
[0006] Although these traditional Word lengths are useful 
for many scienti?c, data processing, business, medical, mili 
tary, and commercial applications, they may not be conve 
nient for applications Where the Word length may have any 
siZe depending on the type of information to be represented. 
Examples of such applications include netWork data process 
ing and packet communications. In these applications, the 
data items may be represented by the minimum Word siZe to 
optimiZe data transfers and sWitching. In addition, the Word 
siZe may vary Within the same processing unit. Furthermore, 
even When the data Word siZes are comparable With the native 
Word siZe of the processor, there are cases Where blocks of 
data or long Words are processed and these blocks of data may 
occupy at boundaries that are not aligned With the native Word 
boundary. 
[0007] Existing techniques to handle data With Word siZes 
larger than the processor’s native siZe are inef?cient. These 
techniques involve execution of a large number of operations 
to shift and perform logical operations on the data items to be 
aligned or merged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The features and advantages of the present invention 
Will become apparent from the folloWing detailed description 
of the present invention in Which: 
[0009] FIG. 1 is a diagram illustrating a system in Which 
one embodiment of the invention can be practiced. 

[0010] FIG. 2A is a diagram illustrating an example for data 
re-alignment according to one embodiment of the invention. 
[0011] FIG. 2B is a diagram illustrating an example for data 
merging according to one embodiment of the invention. 
[0012] FIG. 3 is a diagram illustrating the shift processing 
unit shoWn in FIG. 1 according to one embodiment of the 
invention. 
[0013] FIG. 4 is a diagram illustrating various shift instruc 
tions for the shift processing unit according to one embodi 
ment of the invention. 

[0014] FIG. 5A is a diagram illustrating an example of a 
long Word left shift operation according to one embodiment 
of the invention. 
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[0015] FIG. 5B is a diagram illustrating an example of a 
long Word right shift operation according to one embodiment 
of the invention. 
[0016] FIG. 6 is a diagram illustrating an example of a data 
re-alignment operation according to one embodiment of the 
invention. 
[0017] FIG. 7 is a diagram illustrating the shift post proces 
sor shoWn in FIG. 3 according to one embodiment of the 
invention. 
[0018] FIG. 8 is a diagram illustrating the bit formatter 
shoWn in FIG. 7 according to one embodiment of the inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0019] In the folloWing description, for purposes of expla 
nation, numerous details are set forth in order to provide a 
thorough understanding of the present invention. HoWever, it 
Will be apparent to one skilled in the art that these speci?c 
details are not required in order to practice the present inven 
tion. In other instances, Well-known electrical structures and 
circuits are shoWn in block diagram form in order not to 
obscure the present invention. 
[0020] FIG. 1 is a diagram illustrating a system 100 in 
Which one embodiment of the invention can be practiced. The 
system 100 includes an instruction memory 110 and a pro 
cessor core 120. 

[0021] The instruction memory 110 stores instructions to 
be fetched and executed by the processor core 120. The 
instruction memory 110 may be implemented by random 
access memory (RAM), such as static RAM (SRAM) or 
dynamic RAM (DRAM), or non-volatile memory such as 
read only memory (ROM), programmable ROM (PROM), 
erasable ROM (EROM), electrically erasable ROM (EE 
ROM), ?ash memory, or any other storage media. 
[0022] The processor core 120 is the core of a central pro 
cessing unit (CPU) or a processor that can execute a program 
and/or instructions. The processor core 120 is interfaced to 
the instruction memory 110 either directly or indirectly 
through an interface circuit (not shoWn) such as a memory 
controller. The processor core 120 includes an instruction 
fetch unit 130, an instruction decoder 140, a register ?le 150, 
and a shift processing unit 160. The processor core 120 may 
contain other circuits or elements that are not necessary for an 
understanding of the invention. Examples of these elements 
include a branch prediction logic, an instruction buffer unit, a 
code cache, a data cache, and other functional units. 
[0023] The instruction fetch unit 130 fetches the instruc 
tions from the instruction memory 130 and stores in an 
instruction register 132. The instruction register holds a copy 
of the instruction. The instruction fetch unit 130 may contain 
a program counter to store the address of the instruction. 
[0024] The instruction decoder 140 decodes the instruction 
135 stored in the instruction register 132. The instruction 
decoder 140 may have a number of decoder sections that 
decodes portions of the instruction. The format of the instruc 
tion 135 may have a number of forms depending on the 
instruction set architecture (ISA) employed by the processor 
core 120. 

[0025] The register ?le 150 includes a number of registers 
that store temporary data to be operated on during the execu 
tion of the instruction 135. The register ?le may be read or 
Written to the shift processing unit 160. The number of reg 
isters in the register ?le depends on the ISA and may be 
sixteen, thirty tWo, or any suitable number. The registers 
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provide the source operands for the shift processing unit 160. 
In addition, the registers also provide the destination for the 
shift processing unit 160. 
[0026] The shift processing unit 160 performs shifting 
operations including left and right shifts, left and right shifts 
With Zero ?ll, right shift With sign ?ll, left and right shifts With 
register ?ll, left and right shifts through carry, etc. These shift 
operations are ef?cient in data re-alignment and data merg 
ing. Although the term “shifting” is used throughout this 
description, it is understood that it includes both shifting and 
rotation. As is knoWn by one skilled in the art, a rotation 
operation is a circular shift operation. 
[0027] A processor Which operates on data taken from a 
network may be charged With the tasks of re-aligning data 
Which begins at a given or byte-, bit offset in a starting address 
or register, and continues for several Words. This requirement 
occurs frequently When a processor de-encapsulates packet 
data. This process involves the removal of several bytes from 
the beginning of a packet, possibly leaving the remaining data 
un-aligned to the processor’s Word boundary. Another situ 
ational example is the merging of data. These examples are 
illustrated in FIGS. 2A and 2B. 
[0028] FIG. 2A is a diagram illustrating an example for data 
re-alignment according to one embodiment of the invention. 
The example includes data blocks 210 and 220. 
[0029] The data block 210 contains ?ve Words of packet 
data before the data re-alignment. Typically the packet data is 
received from a transmitting source. This data block includes 
a header 230 and the packet data 240. The header 23 0 contains 
information regarding the packet data such as identi?cation 
code, check sum, packet number, type of packet, etc. After 
this information is used for administrative, error checking, or 
book-keeping purposes, it is usually discarded or removed. 
The packet data 240 contain the actual data to be processed. 
To facilitate the processing, it is desired that the packet data 
240 is aligned at the Word boundary. To do so, a data re 
alignment operation is performed. 
[0030] The data block 220 represents the re-aligned packet 
data after the data re-alignment operation. The packet data 
240 becomes the packet data 250. The header 230 is removed 
and the packet data 250 is shifted to start at the Word boundary 
beginning from Word 0. The header 230 may not be actually 
removed and the packet data 250 may overwrite the header 
23 0. By re-aligning the packet data at Word boundary, the data 
processing becomes more ef?cient. Subsequent operations 
may include data movement, comparisons, arithmetic and 
logical operations, or any other suitable operations. 
[0031] FIG. 2B is a diagram illustrating an example for data 
merging according to one embodiment of the invention. The 
example includes data blocks 260 and 270. 
[0032] The data block 260 contains ?ve Words of data 
before data merging. Typically this packet data is the data to 
be sent to a receiving source. The data block 260 includes a 
packet header 280 and an unaligned packet data 285. The 
packet header 280 and the unaligned packet data 285 are 
separated by unused portions. It is desired to merge the packet 
header 280 and the unaligned packet data 285 into a contigu 
ous sequence of Words. To do so, a data merge operation is 
performed. 
[0033] The data block 270 contains a merged data 290. The 
merged data 290 forms a contiguous Words by combining the 
packet header 280 and the unaligned packet data 285. The 
data merging operation is performed by shifting the 
unaligned packet data 285 to the end of the packet header 280. 
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[0034] As is knoWn by one skilled in the art, the data re 
alignment and data merge operations are not only useful for 
communication or netWork applications. They are also useful 
for traditional computer operations such as text manipula 
tions, data movements, information processing, string opera 
tions, array manipulations, etc. 
[0035] FIG. 3 is a diagram illustrating the shift processing 
unit 160 shoWn in FIG. 1 according to one embodiment of the 
invention. The shift processing unit 160 includes a barrel 
shifter 310, a shift carry (SC) register 330, and a shift post 
processor 340. 

[0036] The barrel shifter 310 receives an operand 315 to be 
operated upon. The operand 315 may come from the register 
?le 150 (FIG. 1). In this example, the operand 315 contains 
data elements A and B. The barrel shifter 310 performs a shift 
in any direction With any number of bits according to the 
OFFSET parameter in the decoded instruction provided by 
the decoder 140 (FIG. 1). Since the barrel shifter 310 per 
forms multiple-bit shifts in a single clock cycle, the shifting 
operation can be performed very fast. Typically, the barrel 
shifter 310 has the same Word siZe as that of the register ?le 
150 (FIG. 1) as de?ned by the processor 100, although this is 
not necessary. The output of the barrel shifter 310 is a group 
of N bits from shifted(l) to shifted(N) Where N is the Word siZe 
of the shift processing unit 160. 

[0037] The SC register 330 stores the output of the barrel 
shifter 310. The SC register 330 has the same Word siZe With 
the barrel shifter 310 and the register ?le 150 (FIG. 1). The SC 
register 330 is visible to the programmer and can be explicitly 
accessed through data movement instructions available in the 
Instruction Set Architecture (ISA). Each time the barrel 
shifter 310 is used for any shifting instruction, including left 
or right rotate, arithmetic or logical shift, the raW output of the 
barrel shifter 310 before post processing by the shift post 
processor 340 is saved in the SC register 330. Since the SC 
register 330 stores the output of the barrel shifter 310, the shift 
post processor 340 can perform post processing operations on 
the currently shifted operands from the barrel shifter 310 and 
the contents of the SC register 330. The output of the SC 
register 330 is a group ofN bits from SC(1) to SC(N) Where 
N is the Word siZe of the shift processing unit 160. 

[0038] The shift post processor 340 performs a number of 
operations after the shifting by the barrel shifter 310. These 
post-shift operations may include replacing a portion of the 
shifted operand With Zero, sign bits (e.g., sign extension), or a 
portion of the SC register 330. The output of the shift post 
processor 340 may be Written to the register ?le 150 (FIG. 1), 
or any appropriate destination register. The shift post proces 
sor 340 receives the folloWing inputs: the shifted operand 
from the barrel shifter 310, the output of the SC register 330, 
OFFSET, ZERO_EXTEND, SIGN_EXTEND, USE_ 
SHIFT_CARRY, and MSB. The OFFSET is the same param 
eter used by the barrel shifter 310. The ZERO_EXTEND and 
SIGN_EXTEND are control bits to indicate if the operand is 
to be Zero and sign extended, respectively. The USE_SHIFT_ 
CARRY is a control bit to indicate if the shifting is performed 
via the carry bit. In one embodiment, the OFFSET, ZERO_ 
EXTEND, SIGN_EXTEND, USE_SHIFT_CARRY are pro 
vided by the instruction decoder 140 (FIG. 1). The MSB is the 
most signi?cant bit of the operand 315. 
[0039] FIG. 4 is a diagram illustrating various shift instruc 
tions for the shift processing unit 160 shoWn in FIG. 1 accord 
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ing to one embodiment of the invention. The example 
includes operands 410, 415, 420, 425, 430, 435, 440, 445, 
450, 455, 460, 465, and 470. 
[0040] The operand 410 represents the input to the barrel 
shifter 310 (FIG. 3). In this example, the operand 410 
includes tWo data elements A and B, each occupying an 
arbitrary sub-Word length Within the Word length of the pro 
cessor 100. The operand 415 represents the output of the 
barrel shifter 310. In this example, the barrel shifter 310 
performs a rotation to sWap the data elements A and B. The 
operand 420 represents the contents of the SC register 330 
(FIG. 3). 
[0041] The operand 425 is the result of the execution of the 
instruction LEFT ROTATE. In other Words, the shift post 
processor 340 leaves the output of the barrel shifter 310 
unchanged. 
[0042] The operand 430 is the result of the execution of the 
instruction LEFT SHIFT ZERO-FILL Which replaces the 
data elementA With Zeros. The operand 435 is the result of the 
execution of the instruction RIGHT SHIFT ZERO-FILL 
Which replaces the data element B With Zeros. The operand 
440 is the result of the execution of the instruction RIGHT 
SHIFT SIGN-FILL Which extends the sign bit of the data 
element A to occupy the entire Word. The operand 445 is the 
result of the execution of the instruction LEFT SHIFT SC 
FILL Which replaces the data elementA With the correspond 
ing portion of the register 330 (FIG. 3). The operand 450 is the 
result of the execution of the instruction RIGHT SHIFT SC 
FILL Which replaces the data element B With the correspond 
ing portion of the SC register 330. 
[0043] The operand 455 represents the contents of a regis 
ter before the execution of the instruction MOVE SC TO 
REGISTER. The operand 460 represents the contents of the 
register after the execution of the instruction MOVE SC TO 
REGISTER. This instruction moves the contents of the SC 
register 330 to a speci?ed register. The operand 465 repre 
sents the contents of a register before the execution of the 
instruction MOVE REGISTER TO SC. The operand 470 
represents the contents of the SC register 330 after the execu 
tion of the instruction MOVE REGISTER TO SC. This 
instruction moves the contents of a speci?ed register to the SC 
register 330. Normally, after the movement, the contents of 
the speci?ed register remain unchanged. 
[0044] FIG. 5A is a diagram illustrating an example of a 
long Word left shift operation according to one embodiment 
of the invention. In this example, the long Word operand 
includes three Words: Word[0] 520, Word[1] 530, and Word[2] 
540 corresponding to data elements A, B, and C, respectively. 
The SC register 510 stores shifted or rotated Word. Suppose it 
is desired to shift the long Word operand left by an amount 
equivalent to the offset parameter. This amount is represented 
by the portions denoted AHI, BHI, and CHI in the data ele 
ments A, B, and C, respectively. The remaining portions of the 
data elements A, B, and C are denoted ALO, BLO, and CLO, 
respectively. Zero’s Will be ?lled in the least signi?cant Word 
(data element A) to occupy the shifted bit positions. 
[0045] In general, a long Word having N Words is shifted 
left by executing N left shift instructions. The shifting 
sequence starts With the least signi?cant Word, or the right 
most Word in the long Word operand. In this example, there 
are three left shifts. The ?rst instruction is SHL Word[0], 
offset. This instruction causes Word[0] to be shifted left and 
Zero’s ?lled in the right to occupy the shifted bit positions. At 
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the same time, the SC register 510 contains the left rotated 
data elements A. The SC register 510 stores ALO AHI as 
shoWn. 
[0046] The second instruction is SHLC Word[1], offset. 
This instruction causes a left shift of Word[1] 530 through 
carry. The AHI portion in the SC register 510 is shifted to 
occupy the shifted bit positions of Word[1] 530 from the right 
through carry. Word[1] 530 Will become BLO AHI. At the 
same time, the SC register 510 contains the left rotated data 
elements B, or BLO BHI as shoWn. After this instruction is 
executed, it is seen that the data element A is shifted left to 
cross the boundary betWeen A and B. 
[0047] The third instruction is SHLC Word[2], offset. As in 
the second instruction, this instruction causes a left shift of 
Word[2] 540 through carry. The BHI portion in the SC register 
510 is shifted to occupy the shifted bit positions of Word[2] 
540 from the right through carry. Word[2] 540 Will become 
CLO BHI. At the same time, the SC register 510 contains the 
left rotated data elements C, or CLO CHI as shoWn. After this 
instruction is executed, it is seen that the data element B is 
shifted left to cross the boundary betWeen B and C. In addi 
tion, the data element C is left shifted and the CHI portion is 
shifted out of Word[2] 540. In the end, the long Word operand 
is noW shifted left With Zero’s ?lled in the shifted bit positions 
starting from the rightmost. 
[0048] FIG. 5B is a diagram illustrating an example of a 
long Word right shift operation according to one embodiment 
of the invention. This example is similar to the example 
shoWn in FIG. 5A except that the shift operation is a right 
shift. As in the example of FIG. 5A, the long Word operand 
includes three Words: Word[0] 520, Word[1] 530, and Word[2] 
540 corresponding to data elements A, B, and C, respectively. 
The SC register 510 stores shifted or rotated Word. For a right 
shift operation, Zero’s are ?lled in to occupy the shifted bit 
positions starting from the left, or the most signi?cant Word. 
[0049] In general, a long Word having N Words is shifted 
right by executing N right shift instructions. The shifting 
sequence starts With the most signi?cant Word, or the leftmost 
Word in the long Word operand. In this example, there are 
three right shifts. The ?rst instruction is SHR Word[2], offset. 
This instruction causes Word[2] 540 to be shifted right and 
Zero’s ?lled in from the left to occupy the shifted bit positions. 
At the same time, the register 510 contains the right rotated 
data elements C. The SC register 510 stores CLO CHI as 
shoWn. 
[0050] The second instruction is SHRC Word[1], offset. 
This instruction causes a right shift of Word[1] 530 through 
carry. The CLO portion in the SC register 510 is shifted to 
occupy the shifted bit positions of Word[1] 530 from the left 
through carry. Word[1] 530 Will become CLO BHI. At the 
same time, the SC register 510 contains the right rotated data 
elements B, or BLO BHI as shoWn. After this instruction is 
executed, it is seen that the data element C is shifted right to 
cross the boundary betWeen C and B. 
[0051] The third instruction is SHRC Word[0], offset. As in 
the second instruction, this instruction causes a right shift of 
Word[0] 510 through carry. The BLO portion in the SC reg 
ister 510 is shifted to occupy the shifted bit positions of 
Word[0] 520 from the left through carry. Word[0] 520 Will 
become BLO AHI. At the same time, the SC register 510 
contains the right rotated data elements A, or ALO AHI as 
shoWn. After this instruction is executed, it is seen that the 
data element B is shifted right to cross the boundary betWeen 
B andA. In addition, the data elementA is right shifted and the 



US 2008/0148018 A1 

ALO portion is shifted out of Word[0] 520. In the end, the long 
Word operand is noW shifted right With Zero’s ?lled in the 
shifted bit positions starting from the leftmost. 
[0052] FIG. 6 is a diagram illustrating an example of a data 
re-alignment operation according to one embodiment of the 
invention. The example includes blocks 610, 620, 630, and 
640, and operands 615, 625, 635, and 645. 
[0053] The data blocks 610, 620, 630, and 640 contain the 
data items to be shifted for re-alignment. Each block has four 
Words: Word[0], Word[1], Word[2] and Word[3]. Each block 
represents a step of a sequence of shifts and offset move 
ments. The offset is the unaligned offset from the ?rst Word of 
the block, Word[0]. Word[0] contains the offset and data item 
A. Word[1] contains data items B and C. Word[2] contains 
data item D and E. Word[3] contains data items F and an 
unused data portion. The operands 615, 625, 634, and 645 
represent the contents of the SC register at each step of the 
sequence. 
[0054] At step 1, the instruction SHL Word[3] is executed 
and the offset is moved to Word[3]. The operand 615 contains 
the left shifted Word [3]. At step 2, Word[3] contains unused 
data portion and Zeros. Then, the instruction SHLC Word[2] is 
executed. The operand 625 contains the left shifted Word[2]. 
At the same time, a portion of the operand 625 is combined 
With a portion of the operand 615 such that the data item E is 
combined With the data item F. At step 3, Word[2] contains the 
combined data items E and F. Then, the instruction SHLC 
Word[1] is executed. The operand 635 contains the left shifted 
Word[1]. At the same time, a portion of the operand 635 is 
combined With a portion of the operand 625 such that data 
item C is combined With data item B. At step 4, Word[1] 
contains data items C and D. Then, the instruction SHLC 
Word[0] is executed. At the same time, a portion of the oper 
and 645 is combined With a portion of the operand 635 such 
that the data itemA is combined With the data item B. Word[0] 
contains data items A and B. At the end of the sequence, the 
entire four Words are properly aligned at the Word boundary. 
[0055] The operation described above performs the data 
re-alignment as shoWn in FIG. 2A. The shift instructions can 
also be used to merge byte-oriented data from one region of 
memory to another as shoWn in FIG. 2B. Encapsulation, the 
process of adding headers or trailers to packet data, may also 
leave data misaligned. 
[0056] FIG. 7 is a diagram illustrating the shift post proces 
sor 340 shoWn in FIG. 3 according to one embodiment of the 
invention. The shift post processor 340 includes a decoder 
710 and N bit formatters 7201 to 720N, Where N is an integer 
equal to the Word siZe of the shift processing unit 160 (FIG. 
1). 
[0057] The decoder 710 receives the OFFSET parameter 
and generates a shift ?eld mask MASK [1 . . . N]. The shift 

?eld mask has N bits, mask(l) to mask (N), corresponding to 
N-bit Word of the shifted operand. The shift mask ?eld de?nes 
the bit positions that are affected by the post processing 
operations. In one embodiment, a logical one in the mask(k) 
indicates that the bit at the k-th position is affected by the post 
processing operation, and a logical Zero alloWs the bit at the 
k-th position to pass through unmodi?ed. The decoder essen 
tially converts the OFFSET value into a bit pattern having a 
group of consecutive mask bits that corresponds to the portion 
of the operand to be operated upon. 
[0058] Each of the bit for matters 7201 to 720N performs a 
bit post processing operation on each bit of the shifted output 
of the barrel shifter, shifted(l) to shifted(N). Each of the bit 
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formatters receives the corresponding mask(k) bit and the 
SC(k) bit. In addition, all the bit formatters 7201 to 720N 
receive the same control bits MSB, ZERO_EXTEND, SIGN_ 
EXTEND, and USE_SHIFT_CARRY. The bit formatters 
7201 to 720N generate the N-bit output, y(1) to y(N). 
[0059] FIG. 8 is a diagram illustrating the bit for matter 
7201' shoWn in FIG. 7 according to one embodiment of the 
invention. The bit formatter include a gating circuit 801 and a 
selector circuit 802. 
[0060] The gating circuit 801 gates the ZERO_EXTEND, 
SIGN_EXTEND, and USE_SHIFT_CARRY signals by the 
mask(i) bit. In one embodiment, the gating circuit 801 
includes NAND gate 810, AND gates 820, 830, and 840. 
When the mask(i) bit is logical Zero, indicating that the shift 
ed(i) bit is passed through unmodi?ed, the NAND gate 810 
gates the shifted(i) bit to the selector circuit 802. When the 
mask(i) bit is logical one, the shifted(i) bit is modi?ed accord 
ing to the ZERO_EXTEND, SIGN_EXTEND, and USE_ 
SHIFT_CARRY control signals. 
[0061] The selector circuit 802 selects the proper bit oper 
and to generate the output bit y(i) according to the mask(i) bit 
and the ZERO_EXTEND, SIGN_EXTEND, and USE_ 
SHIFT_CARRY control signals. In one embodiment, the 
selector circuit 802 includes tWo tWo-to-one multiplexers 850 
and 860. Of course, the tWo multiplexers 850 and 860 may be 
combined into a single combinational logic circuit Which 
operates the same Way as tWo multiplexers connected in cas 
cade. 
[0062] The bit for matter 7201' performs logic operations on 
the shifted(i) bit using the MSB and the SC(i) bits according 
to the control bits mask(i), ZERO_EXTEND, SIGN_EX 
TEND, and USE_SHIFT_CARRY control signals. Let m, sc, 
msk, Ze, se, and u denote the MSB, SC(i), bits mask(i), 
ZERO_EXTEND, SIGN_EXTEND, and USE_SHIFT_ 
CARRY control signals. Let shft and y denote the shifted(i) 
and y(i) signals. The bit formatter 720i essentially performs 
the logic operations according to the folloWing truth table. 

msk Ze de u Y 

0 X X X Sh? 
1 1 0 0 Sh? 
1 X X 1 Sc 
1 0 1 1 Msb 

[0063] Note that 2e and se are mutually exclusive. In other 
Words, if Zero extension is desired, then sign extension is not 
available. Similarly, if sign extension is desired, then Zero 
extension is not available. 
[0064] While this invention has been described With refer 
ence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi? 
cations of the illustrative embodiments, as Well as other 
embodiments of the invention, Which are apparent to persons 
skilled in the art to Which the invention pertains are deemed to 
lie Within the spirit and scope of the invention. 

What is claimed is: 
1. An apparatus for facilitating data processing, compris 

ing: 
a barrel shifter con?gured to shift an operand during a shift 

cycle, Whereby the barrel shifter successively provides 
an output operand for each shift cycle; and 
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a shift post processor con?gured to perform one of a plu 
rality of post processing operations on a portion of a 
current-output operand from the barrel shifter based on 
a control signal. 

2. The apparatus of claim 1, Wherein the shift post proces 
sor is con?gured to replace the portion of the current-output 
operand With one or more Zero bits based on the control 

signal. 
3. The apparatus of claim 1, Wherein the shift post proces 

sor is con?gured to replace the portion of the current-output 
operand With one or more sign bits based on the control 
signal. 

4. The apparatus of claim 1, further comprising: 
a shift carry register con?gured to store a current-output 

operand from a current shift cycle and to output a stored 
output operand from a previous shift cycle. 

5. The apparatus of claim 4, Wherein the shift post proces 
sor is con?gured to replace the portion of the current-output 
operand With one or more bits of the stored-output operand 
based on the control signal. 

6. A method for facilitating data processing, comprising: 
(a) shifting an operand during a shift cycle, thereby suc 

cessively providing an output operand for each shift 
cycle; and 

(b) performing one of a plurality of post processing opera 
tions on a portion of a current-output operand based on 
a control signal. 

7. The method of claim 6, Wherein step (b) comprises: 
replacing the portion of the current-output operand With 

one or more Zero bits based on the control signal. 

8. The method of claim 6, Wherein step (b) comprises: 
replacing the portion of the current-output operand With 

one or more sign bits based on the control signal. 
9. The method of claim 6, further comprising: 
(c) outputting a stored-output operand from a previous shift 

cycle. 
10. The method of claim 9, Wherein step (b) comprises: 
replacing the portion of the current-output operand With 

one or more bits of the stored-output operand based on 
the control signal. 
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11. A processing unit comprising: 
a register ?le having a plurality of registers, each of the 

registers con?gured to store an operand; 
an instruction decoder to decode an instruction; and 
a shift processing unit coupled to the register ?le and the 

instruction decoder to perform an operation on the oper 
and, the shift processing unit comprising: 
a barrel shifter con?gured to shift an operand during a 

shift cycle, Whereby the barrel shifter successively 
provides an output operand for each shift cycle; and 

a shift post processor con?gured to perform one of a 
plurality of post processing operations on a portion of 
a current-output operand from the barrel shifter based 
on a control signal. 

12. The processing unit of claim 11, Wherein the shift post 
processor is con?gured to replace the portion of the current 
output operand With one or more Zero bits based on the 
control signal. 

13. The processing unit of claim 11, Wherein the shift post 
processor is con?gured to replace the portion of the current 
output operand With one or more sign bits based on the control 
signal. 

14. The processing unit of claim 11, further comprising: 
a shift carry register con?gured to store a current-output 

operand from a current shift cycle and to output a stored 
output operand from a previous shift cycle. 

15. The processing unit of claim 14, Wherein the shift post 
processor is con?gured to replace the portion of the current 
output operand With one or more bits of the stored-output 
operand based on the control signal. 

16. The processing unit of claim 11, Wherein the shift post 
processor is embodied in hardWare description language soft 
Ware. 

17. The processing unit of claim 16, Wherein the shift post 
processor is embodied in one of Verilog hardWare description 
language softWare, Verilog-A hardWare description language 
softWare, and VHDL hardWare description language 
softWare. 


