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BACKGROUND

Digital signal processors (DSPs) may be used for é
variety of multimedia appliéations such as digital video,
imaging, qnd audio. DSPs can maﬁipulate the digital
signals to create and open such multimedié files.

DSPs may oﬁerate_as SIMDl(Single Instruction/Multiple
Data), or data parallel, proceésors. In SIMD operations, a
single instruction is sent to a number of processing
elements, which perform.the same operation on difféfent

data. A central controllér may be used to broadcast the

“instruction stream to the different processing-elementé.

SIMD instructions provide for several types of standard
operations inéluding addition, subtraction, multiplication,
multiply-accumulate (MAC), and a number of special |
instrﬁctions for Ll-Norm-accumulate (SAA), clipping, and
bilinear interpolation. | -
Many video and image processing devices operate on 8

bit words arranged in a two dimensional (2D) data array.

Four 8 bit operands may be packed into a 32 bit grouped

word to be sent to the execution units for parallel

processing. These 8 bit operands from the 2D array must be
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properly aligned in the 32 bit grouped word for proper
operation.

When working with 8 bit data oﬁ a 32 bit word aligned
machine, four different alignment possibilities may exist:
aligned; shifted 8 bits; shifted 16 bits; and shifted 24
bits. If the DSP detects a misaligned word, it may
generate an exception. in response to the exception, an
alignment operation may be performed at the memory
interface or in data registers to shift the 8 bit operands
to produced an aligned 32 bit word. However, this
alignment operation may introduces additional processing
o&erhead into the operation of the maqhine.

Alignment overhead for 8 bit SIMD operations may
result in inefficient.utilization of resources within a
general purpose DSP. Often this inefficiency will manifest
itself as unnecessary cycle consumption due to alignment

operations applied to prepare the data for processing.

BRIEF DESCﬁIPTION OF THE bRAWINGS
FIG. 1 is a schematic.diagram of a register file
architecture according to an embodimenf;
FIGS. 2A-2D illustrate a register file architeqture

according to an embodiment operating on 32 bit ioads in
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four alignment states.

FIGS. 3A-3C illustrate.an alignment operation
according.to an embodiment. |

FIG. 4 illustrates a register file architecture
according to another embodiment including two register
pairs. |

FIG. 5 iliustrates a register file architecture
according to yet another embodiment including two register
pairs.'

FIG. 6 is a schematic diagram of a high definifion

television incorporating a digitai signal processor with a -

register file architecture according to an embodiment .
Like reference symbols in the various drawings

indicate like elements.

DETAILED DESCRIPTION

FIG. 1 illustrates a register file architecture 100

~according to an embodiment that provides automatic

alignment of 32 bit grouped words using the address -

pointers to two dimensional (2D). packed 8 bit data arrays.

The register file includes a number of registers RO-R7 104.

A load multiplexer (MUX) 106 multiplexes 32 bit loads into

the register file, a store MUX 108 outputs a store word
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from the register file, and an alignment Mﬁx 110 outputs an
aliéned 32 bit grouped word frbm a register pair 112 |
including registers RO and Rl. The alignﬁent MUXs 110 and
register file are controlled by a control unit 114.

The register file is primed for an alignment operation
by loading two 32 bit grouped words, k and k+1 from the
data array into each of one of the data registers in the
register pair, RO and R1l, respectively. Each 8 bit operand
occupies éne of four memory locations in the register,
RKLL, RxLH, RxHL, and RxHH. FIGS. 2A-2D show four
different alignment cases for the 32 bit words in a
register pair 200 inclﬁding registers R2 and R3. Thé four
8 bit operands may be pfoperly aligned (FIG; 2A) or may
cross 32 .bit word boundaries (FIGS. 2B-2D).

THe two least significant bits (LSB) 202 of the
pointer addresses are ﬁasked off by the control unit and
used to determine the state of alignment for the 32 bit

grouped word. These LSBs 202 are used as control signais

to control the alignment MUX 110 to select the four 8 bit

operands from the eight memory locations in the register
pair that correspond to an aligned 32 bit word 204. The
aligned 32 bit word 202 may be output as an operand (OPA or

OPB) for parallel processing of its component 8 bit
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operands by the execution units.

As shown in FIG. 2A, “00” indicates an aligned word.
In this case, the alignment MUX 110 is controlled to select
the eperands in R2LL,. R2LH, R2HL, and R2HH, and output,.in
that order, an aligned 32 bit word 204 containing those 8
bit operands;

As shown in FIG. 2B, “01” indicates a 32 bit words
offsef by 8 bi;s; In this case, the alignment MUX 110 ié
controlled tb select the operands in R3HH, R2LL, R2LH, and
R2HL, and output, in that order, an alignéd 32 bit word 206
containing thqse 8 bit operands. |

As shown in FIG. 2C, “10” indicatés.a 32 bit words
offset by 16 bits. In this case, the alignment MUX 110 is
controlled to select ﬁhe operands in R3HL, R3HH, R2LL, and
R2LH, and output, in fhat order, an aligned 32 bit word 208
confaining those 8 bit éperands. | |

AS shown in FIG. ZD, “11” indicates a 32 bit words
offset by 24 bits. 1In this éase, the alignment MUX 110 is

controlled to select the operands in R3LH, R3HL, R3HH, and

R2LL, and output, in that order, an aligned 32 bit word 210

containing those 8 bit operénds;
FIGS. 3A-3C illustrate an alignmeﬂf operation

according to an embodiment. The operation is primed (in
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cycle 1) by loading registers RO and Rl in state 300 with
misaligned 32 bit words k and k+l from the 2D data array,
as shown in FIG. 3A. Word k contains 8 bit operands A, B,
and C, and word k+1 includes 8 bit operands D, E, F, and G.
In this instance, words k and k+l are offset by 8 bits.

The LSBs of the pointer addresses for these words are “01”.
Accordingly, alignment MUX 110 selects 8 bit operands A, B,
C from register RO, and operand D from register Rl in state
302 and outputs aligned 32 bit word ABCD 304 in.state 306.
Once primed, there is oniy one load required per cycle. As
shown in FIG. 3B, in the subsequent cycle (cycle 2),
regisker RO is loaded with 32 bit word k+2, HIJK, in étate
308. The alignment MUX 110 is eontrolled to reverse
multiplex the operands in the register pair to obtain a
reflection of the.readout. When reverse multiplexing the
operands, the alignment MUX reads'out register R1 before
register RO. The alighment MUX selects previously

unselected 8 bit éperands E, F, and G from register Rl,.and
operand H from.register RO iﬁ state 310. The alignment MUX
outputs aligned 32 bit word EFGH 312 in state 314 for
processing. |

In the next cycle (cycle 3), Rl is loaded -with 32 bit

word k+3, LMNO, 316. The alignment MUX 110 is controlled
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to select bytes I, J, K, and L in state 318 and output 32

bit word IJKL 320 in state 322. 1In cycle 3, the alignment

.MUX 110 forward multiplexes registers RO and Rl. Thus, the

32 bit loads are “ping-ponged” between the two registers RO
apd Rl in the pair each even/odd cycle while processing the
packed 8 bit array.

As illustrated in the operation shown in FIGS. 3A-3C,
the procéssing requirements-of 8 bit data is often
repetitive and oﬁce established, holds constanf. Once the
register file is primed, the 32 bit léads are alignéd with
a minimum of overhead.

Loading a data register with a misaligned 32 bit word
in a géneral purpose DS? may cause the generation of an
éxception. Eight bit SIMD operations.may reQuire as many
as sixteen 8 bit operands to be avéilable to the execution
units. " This COrrespondé to two register pairs, i.e., four

registers.' With two 32'bit_busses available for loading

- the register pairs, the four registers must loadéd'priof to

initiating the SIMD operation. According to an embodiment,
a special instruction, e.g., DISALGENEX, may be used while
priming the function to disable the generation of

exceptions due to misaligned access while priming the 8 bit

SIMD funiction loops. The DISALGENEX instruction may be
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issued in combination with one or two load operations which
may or may not cross 32 bit boundaries. Some instruction
examples include: |

(1) DISALGENEX, Rl = [i0++], R3 = [I1++];

(2) DISALGENEX, [pO++pl] = R5, R3 = [il++];

Returning to FIG. 1, the control unit 114 may control
the load MUX 106 to load the register pair RO/R1l with

adjacent 32 bit grouped words corresponding to load A. The

control unit also controls load MUX 106 to  load register R2.

with a 32 bit grouped word corresponding to load B. The two
LSBs 202 of the pointér address for load A (*loada[1:0])
are masked off by the control unit and input as control
signals to the alignment MUX 110. The alignment MUX
selects fhe appropriate four operands based on the LSBs of
the pointer address of load A to output an aligned 32 bit
wérd, OPA. R2 outputs 32 bit grouped word OPB. The 8 bit

operands in OPA and OPB are operated on by execution units.

- Results RESA and RESB from these operations may be reloaded

into the register file.

FIG. 4 illustrates a register file architecture
according to an embodiment in which the LSBs from a single
pointer address (*loadb[l:0]) may be used to multiplex

eight 8 bit operands from two register pairs, RO/R1l and

- 8 -
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R2/R3, to output two aligned 32 bit words, OPA and OPB.

This allows the second pointer to be used for store
. operations. According to this embodiment, 8 bit SIMD

‘instructions may be supported by allowing alignment

independent execution of instructions intended to operate
on adjacent rows or columns in a 2D 8 bit data array. An .

instruction which supports this type of alignmént may have

'the form:

dregs = 8b_OP(R1:0,R3:2)AMOD, [in++] = dregs, dregs =
[int++]: |

FIG. 5 illustrates a register file architecture
according to an embodiment in which thg two LSBs frém eaqh
of two pointers, iy and i,, for the 8 bit packed data arrays
are used as contfol signals for multiplexing_eight-B bit
operands. This is intended to provide'two 32 biﬁ groubed
words to the execution.units where the alignment of each
may be different. Two alignment MUXs 110 are provided,
each provided with the.LSBs of a different pointer as a”
control signal.

'An instruction which support this type of alignment
may have the form:

dregs = 8b_OP(R1:0, R3:2)AMOD, dregs = [ip ++], dregs =

[int+]:
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and

dregs = 8b_OP(R1:0, R3:2)AﬁOD, d;egs_= [ip ++], dregs =
(int++];

An alignment independent 8 bit SIMD ADD operation may
be pefformed according to an embodiment. Quad 8 bit SIMD
instructions are used t6 perform two byte additions wiﬁh
four 16 bit signed data'outputs. Thirty-two bit load.OPA
includes four 8 bit operands ap:s, am+2, ami1r and ap. Thirty-
two bit load OPB includes four 8 bit operands bms, bms2,
bms1, and byp. The two 32 5it-grouped words used to determine
OPA may be loaded on register pair RO/R1, and the 32 bit
grouped words used to determine OPB may be loaded oﬁ
register pair R2/R3. The corresponding 8 bit operands of
OPA and OPB are added. The results of the addition |
operation are four 16 bit values, am3+bms, aps2+bmea,
ap+1+bm+i, and agtbn, that.may be grouped into 32 bit words
and stored in two destination registers selected from R4,
R5, R6, and R7. B

The instructions for performing the alignment
indepéndent 8 bit SIMD ADD operation may have the form:
.(dregs, dregs) = g2badd (dreg_pgir, dreg_pair) :

(dregs, dregs) = g2badd (dreg_pair, dréé;pair)R;

Example instructions include: -

- 10 -
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(r4, r5) = g2badd (rl:0, r3:2);

(x5, r4)

g2badd (rl:0, r3;2)R.

These instructions assume that the loads are always on .
the 32 bit boundary and that the two pointers are stored in
I0 and Il. These values are valid for 8 bit boundaries,
howeve; loads actually occur on 32 bit boundaries. The two
LSBs from the pointers i0 and il, are decoded to select one
of the four possible alignment cases from regiséer pairs
RO/R1 and R2/R3, respectively. The register containing
word k+l is considered ‘to be in registers RO and R2 in the
default, and the hord k+2 is considered to be in registers
R1 and R3.

The "R" option specifiés that the reflection of the
read out should be performed, as described above in
connection with FIG. 3B. This allows effective ping—
ponging between the registers in each pair while executing.
an array processing fﬁnCtion. |

| The above-described alignment independent SIMD ADD”
operation may be used to support a numbéf of image based
calculétions. Other alignment indépendeﬁt SIMD opérations
may be performed achrding to various embodiﬁents,
including, for example, subtraction, multiplication,

multiply-accumulate (MAC) and a number of special

- 11 -
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instructions for Ll-Norm-accumulate (SAA), clipping, and
bilinear interpolation.

Depending on the desired SIMD operation, different
methods of alignment may be used for 32 bit grouped words.
The 8 bit case has ‘been described above, with fourl
different aiignment cases. Sixteen bit data may also
grouped into 32 bit'loads. Such loads will have two
alignment cases, aligned and misaligned, in which the 16
bit operands are shifted by 16 bits. The two LSBs of the
pointer address for the load may be used to determine the
alignment case, for example{ "00" for the aligned case, -and
"01l" for the misalignea case. Another case may be
generalized for SIMD operatiéns which'operate on mi#ed data
typés, for example, 32 bit grouped words containing mixed 8
bit and 16 bit operands.

A register file architecture .according to.an

embodiment ﬁay provide higher throughput for a variety of

'video and imaging algorithms by eliminated the need to pre-

process data for the various alignment operations. This
may reduce code size by eliminafing similar routines in the
code intended to handle the different alignment situations

and also improve cycle .count by eliminating the need for

detecting the alignment state and subsequent branching to

- 12 -
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the appropriate sequence of instructions. Thus, the
register file architecﬁure may provide for alignment of
data oh 8 bit boundaries within the execution units without
burdening the memory interface, which may be reserved for.
32 bit load/store operations.

The embodiments described above which support H
alignment independent SIMD operations are particularly well
suited to opérations intended to support video and image-
based processing. These include, for example, 8 bit quad
interpolation for half X, half Y, and half XY, fracfional
motion search operatiéns, and motion compensation.

A géneral purpose DSP including a register.file
afchitectﬁre according.to the variqus embodiments may be
well suited for use in video processing ihaging equipment
which utilize MPEG—l/MPEG—Z/MPEG-4/H.263 future standards
for video compression. |

Such a general purpose DSP is contemplated for use in

- video camcorders, digital cameras, teleconferencing, PC’

video cards, and HDTV. As shown in FIG. 6, a video
processor 600 for an HDTV 602 with a display screen 604 may
include a DSP 606 including a register file architecture

608 according to an embodiment and a memory 610 for storing

 instructions for performing video processing operations.

- 13 -
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In addition, the general-purpose DSP is also contemplated
for.use in connection witﬁ othér techﬁologies utilizing
digital signal processing such as voice processing used in
mobile telephony, speéch recognition, and other
applications.

A number of embodiments of the invention have béen
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirif
and scope of the invention. Accordinglyf other embodiments

are within the écope of the following claims.

- 14 -
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WHAT IS CLAIMED IS:

1. An apparatus comprising:

a register pair adapted to store two grouped words
comprising in aggregate up to 2n operands; and

an operand selector adapted to select n operands from
said registérlpair-and output an aligned grouped word
comprising said n operands in response to a control signal

indicative of an alignment state of said two gfouped words.

2. The apparatus of claim 1, wherein said operand

selector is a multiplexer.

3. The apparatus of claim 1, wherein the control

.signal comprises the two least significant bits of a

pointer address of one of said two grouped words.

4, The apparatus of claim 1, wherein each of the two
grouped words and the aligned grouped word comprise 32 bit

words.
5. The apparatus of claim 1, wherein n equals 4.

6. The apparatus of claim'l, wherein said n operands

comprise 8 bit words. -

- 15 =~



10

15

20

[T

7. The apparatus of claim 1, wherein said n'operands

comprise 16 bit words.

8. The apparatus of claim 1, further comprising:

a second register‘pair adapted to store a second set
of two grouped words comprising 2n operands,

wherein said operand selector is adapted to_Select n
operands from said second_régister pair and output a second
aligned grouped word COmprisihg said n operands in response
to a control signal indicative of an alignment state of

said first set of two grouped words.

9. The apparatus of claim 1, further comprising:
a second register pair adapted to store a second set
of two grouped words comprising 2n operands,

wherein said operand selector is adapted to select n

operahds from said second register pair and output a second.

aligned grouped word comprising said n operands in response

to a control signal indicative of an alignment state of

said second set of two grouped words.

10. A video processor comprising:
a memory to store instructions to perform wvideo

processing operations;

- 16 -
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a digital signal processor comprising:

a.first register adapted to store a first grouped
word comprising n operands;

a'second register adapted to store a second
grouped words comprising n operands; and

a multiplexef adapted to select n operands from
the 2n operands in.the first register and the sepond
register and output an aligned grouped word comprising
said n selected operands in response to a control
signal corresponding to an alignment state of said

first grouped word.

11. The video processor of claim 10, wherein the
control signal comprises the two least significant bits of

a pointer-addresé of one of first and second grouped words.

12. The video processor of claim 10, wherein each of

the first grouped word, second grouped word and the aligned

grouped word comprise 32 bit words.

13. The video processor of claim 10, wherein n equals

14. The video processor of claim 10, wherein said n

- 17 -
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operands comprise 8 bit words.

15. The video processor of claim 10, wherein said n

operands comprise 16 bit words.

16. A method comprising:

5 'loading a first grouped word comprising n oberands;
loading a second grouped word comprising n operands;
dgtermining an alignment.state of said first and

second words; -
selecting n operands from the 2n operands in the first
10 and second grouped words in response to the determined
alignment staté{ and
:outputting an aligned grouped word comprising n

operands.

17. The method of claim 16, wherein determiniﬁg the
15 alignment state comprises determining the two least
" significant bits of one of said first and second grouped

words.

18, The method of claim 16, wherein said first and

second grouped words are adjacent words in a data array.

- 18 -
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19. The method of claim 18,.Qherein selecting n
ope?ands comprises selecting n adjacent operands in said

first and second grouped words.

~ 20. The method of claim 16, further comprising:

- loading a third grodped word comprising n operands;
selecting n operands from the 2n operands in the
secOndland third grouped words in response to the -
determined alignment state; and
outputting a second aligned grouped word comprising n

operands.

21. The method of claim 20, wherein selecting n
operands comprises reverse multiplexing n operands between

the second and third grouped words.

22. The apparétus of claim 16, wherein each of the

two grouped words and the aligned grouped word comprise 32

bit words.

23. The apparatus of claim 16; wherein said n

operands comprise 8 bit words.

24. An épparatus, including instructions'residing on

- 19 -
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a machine-readable medium, for use aligning operands in a

grouped word, the instructions causing the machine to:

-load a first grouped word comprising n operands;
' load a second grouped word comprising n operands;
determine an alignment state of said first énd second
words;
select n operands from the 2n operands in the first
and second grouped words in response to the determined

alignment state; and -

output an aligned grouped word comprising n operands. -

25. The apparatus of claim 24, wherein the
instructions that cause the machine to determine the
alignment state further comprise instructions that cause
the machine to determine the two least significant bits of

one of said first and second grouped words.

26. The apparatus of claim 24, wherein said first and

second. grouped words are adjacent words in a data array.

27. The apparatus of claim 26, wherein the
instructions that cause the-machine to select n operands
further comprise instructions that cause the machine to

select n adjacent operands in said first and second grouped

- 20 -
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28. The apparatus of claim 24, further comprising

instructions that cause the machine to:

.

load a third gréuped word comprising n operands;
select n operands from the 2n operands in the second
and third grouped words in response to the determined

alignment state; and

output a second aligned grouped word comprising n

operands.

29. The apparatus of claim 28, wherein the
instructions that cause the machine to selecﬁ n operands
further comprise instructions that cause the machine to

reverse multiplex n operands between the second and third

grouped words.

- 21 -



