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ARCHI TECTURE FOR ALI GNED SI MD BACKGROUND. Digital signal processors (DSPs)
ey be uded for a variety of multinedia applications such as digital video,
5 imagi ng, and audi o. DSPs can mani pul ate the digital signals to create and
open such nmultinedia files. DSPs may operate as SIMD (Single
Instruction/NUItipIe Data), or data parallel, processors. In SIM
operations, a_single_instruction is sent to a nunber of processin

el enents, whFENE f GUREGSE S et Ath SRR TR TR ‘@5@?1
controller may be used to broadcast the instruction strean1to t he dlfferent
processi ng el ements. SI M instructi onBAGKGROYYDf or several types of
standard operations including addition, subtraction, multiplication, 15

mul ti ply-accunul abeg{tAC) signdlapnonbesoat PSCisal maysbeuasiednEofori

L1- Nor maccunul ate (SAA), clipping, and bilinear interpolation. Many video

and i mage precesstpdodeMitesmeneaabpplicthiohsWeies Ak’ aRgedailn vadeen
di rensional (2D) data array. 20 Four 8 bit operands may be packed into a 32

bi t grouged wrsditQ, bengelhqts, t hesexeedhi ﬁ@n‘i@'utl%tfeorthléard@lgll%l 1processi ng.

These 8 bit operands fromthe 2D array nust be 30 DEC 2004
properly ali Lt o] I tion. Wen

wor ki ng mnthgﬁgg %Qd ?acgéag agglgggq ggaﬂ'g%é |ncefIllei %ur di fferent
g:;gpngzg Eﬁf?{ghb§héeﬁa§a 2?5 e as %Ih ne%lngqlf&%%t%ucgf%n Jfgf% 16

Data), or data parallel, processors. In SIMD operations, a
single instruction is sent to a number of processing

10 elements, which perform.the same operation on different
data. A central controller may be used to broadcast the
instruction stream to the different processing elements.
SIMD instructions provide for several types of standard
operations including addition, subtraction, multiplication,

15 multiply-accumulate (MAC), and a number 6f special
instrﬁctions for Ll-Nérm—accumulate (SAR), clipping, and
bilinear interpolation. ' -

Many video and image.processing devices operate on 8

bit words arranged in a two dimenSional-(ZD) data array.

20 Four 8 bit operands may be packed into a 32 bit grouped.
word to be sent to the execution units for pargllel

processing. These 8 bit operands from the 2D array must be
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bits. If the DSP detects a msaligned word, it may generate an exceﬁﬂlBﬁC 2004
In response to the exception, an alignnent operation nay be perfornmed at

the menory interface or in data registers to shift the 8 bit operands to
produced an 10 aligned 32 bit word. However, this alignnment operation may

i ntroduces additional processing overhead into the operation of the

machi ne. Al i gnnment overhead for 8 bit SIMD operations may result in

| nef 1 chegpeslyl azaghen eh £620ULCES Ng:lbed W@éoégaﬁwpse DSP. Oft en
this inefficiency wll manifest itself "as Unnecessary c consunption due

to ali copgrations applied to prepare the data for processi ng. SUMVARY
OF THE I NVENTION 20 Statenents of the present invention may be found in

| 1, 1 5 2 1, F CRI PTI ON
GFTHE DR e FE R vEt RObiR ol ol 0F T Hed Aigdie

arCh'tQRééﬁfn@CCPBQ&”QlEQeQQnE”QQQPEﬁ% o Po%sj bf%% & 298 FLG. . 2A-2D

illustrate a register file archite cordi o An ef %ﬁﬁﬁat

opersat 'Qﬂl%’i'eéz bhirloads b?tgza shiteRFG 62004 s f%lﬁréi @h:tg{':nedﬂztls'[ at es.

FI GS. 3A-3 {ustrate an aligAment operation adc 0 an ‘enbodi nent .

FIG 4 bleystrakeeng pagl gbekctd & ﬁﬁ%@'ﬁ%}ﬁé‘eﬂr Grord1CS Q;rd'agg dchd Ler

enbodi nent 1 ncluding two register pairs
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operation may be performed at the memory interface or in
data registers to shift the 8 bit operands to produced an

10 aligned 32 bit word. However, this alignment operation may
introduces additional processing overhead into the operation
of the machine.

Alignment overhead for 8 bit SIMD operations may result

in inefficient utilization of resources within a general

15 purpose DSP. Often this inefficiency will manifest itself
as unnecessary cycle consumption due to alignment operations

applied to prepare the data for processing.

SUMMARY OF THE INVENTION
20 Statements of the present invention may be found

in claims 1, 10, 16, 24, 30, 39, 45, 52, 63, 71, 77 and 84.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a register file

architecture according to an embodiment.



pairs. 10 FIG 6 is a schematic diagramof a high definition televggiper Wt
incorporating a digital signal processor with a register file architecture
according to an enbodi nent. Like reference synbols in the various draw ngs
IS indicate like. elements. DETAILED DESCRIPTION FIG 1 illustrates a
register file architecture 100 according to an enbodi nent that provides
automatic _. alignnment of 32 bit grouped words using the address pointers

to two gigenspanab (2DhLsPaeked 8 rr, gister file
i ncl udes a nunber of re§|stersaRé?Egg%%%a€§ éi%? H% éﬁgé%r (MJUX) 106

mul ti pl gxesrd2ndi tol gad I S t.or 408 outputs a
store word -é og Eoog&gm%%g%@?or%%?ﬁe%ttﬁeg scitriér:;%l kfslé) fo%ég(n al i gnment MJX
110 outputs an aligned 32 bit grouped word froma register pair 112
including registers RO and RL. The alignment MJXs 110 and register file are
controlled by a control unit 114. 5 The register file is prinmed for an

al i gnnent operation by loading two 32 bit grouped words, k and k+1 fromthe
data array into each of one of the data registers in the register pair, RO
and R1l, respectively. Each 8 bit operand occupi es one of four nmenory

| ocations in the register, 10 RxLL, RxLH, RxHL, and RxHH. FIGS. 2A-2D show
four different alignnent cases for the 32 bit words in a register pair 200
including registers R2 and R3. The four 8 bit operands may be properly
aligned (FIG 2A) or may cross 32. bit word boundaries (FIGS. 2B-2D). 15
The two | east significant bits (LSB) 202 of the pointer addresses are
masked off by the control unit and used to determ ne the state of alignnent
for the 32 bit grouped word. These LSBs 202 are used as control signals to
control the alignment MJX 110 to select the four 8 bit 20 operands fromthe
ei ght nmenory 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 conponent 8 bit - 4



30 DEC 2004 operands by the execution units. As shown-in FIG 2A3 0"REd 04
indicate§ an aligned word. In this case, the alignnment MJX 110 is

controll éd to select the operands in R2LL, ~, R2LH, R2HL, and R2HH, and
output, in 5 that order, an aligned 32 bit word 204 containing those 8 bit
operands. As shown in FIG 2B, "Ol" indicates a 32 bit words offset by 8
bits. In thigpAselidhigedt i gpaees. MUX 110 is controlled to select the
operands in R3HH, R2LL, R2LH, and 10°' R2HL, and output, in that order, an

aligned 32 bit 063508 a e [ n own in FIG
2C, "10" |nd|carg§ﬂ§g323%|?ém%?%§gg? 3= aﬁy?%%g&ﬂ@ﬁ% gﬁerAﬁé%gase t he

al i gnnment NUX 110 IS contr ol ect the operands in R3HL, R3HH, R2LL,
and 15 R2LHE2EHY Q%u © aR %ﬁg?& SL an aligned 32 bit word 208
cont ai ni ng t hose 8 bi t ogfrands As shomn in Fl "11" indicates a 32

bit words of fset ByC244nttiustRatassacasgistRe gh#&nﬁﬁﬁplﬁﬁﬁ G-~ s
control led to select the operands in R3LH,~ R3HL, R3HH, and 20 R2LL; and
out put, iBn tdecoodtey, tanaaptgﬁéde@k20§i'-tnem<§r dnglgddomt &wei rrggtlm@er 8 bit
operands. FIGS. 3A-3C illustrate an alignnment operation according to an
enbodi nent. gddereperation is prined (in - 5 30 DEC 2004 cycle 1) by
| oading registers ROand RL in state 300 with msaligned 32 bit words k and
k+1 fromthe 2D dpt@.abraylustrates a register file architecture
according to yet another embodiment including two register
pairs.
10 FIG. 6 is a'séhematic diagram of a high definition
television incorporating a digital signal processor with a -
register file architecture according to an embodiment.

Like reference symbols in the various drawings

indicate like elements.

15 : : DETAILED DESCRIPTION
FIG. 1 illustrates a register filé architecture 100
~according to an embodiment that provides automatic
alignment of 32 bit grouped words using the addressl
pointers to two dimensional (2D) packed 8 bit data arrays.
20 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



as shown in FIG 3A. Wrd k contains 8 bit operands A B, and C, and OvBEGI 2004
k+1 incluydes 8 bit operands D, E, F, and G 5 In this instance, words k and
k+1 are offset by 8 bits. The LSBs of the pointer addresses for these words
are "01". Accordingly, alignment MJX 110 selects 8 bit operands A, B, C
fromregister RO, and operand D fromregister RL in state 302 and outputs

aligned 32 hit r.d ABCD. 304 i p, st at 0 . ri yed here_i.s_only
one | oad reﬁ%??%ﬁ??ﬁwr%§%?%?rAglg%bmgnghgalé?lggggpg kﬁg %&@saaﬁ H??c?c e
(cycle 2), registe {g)is | oaded with 32 bit word k+2, H JK, in_.state 308.
The al i gnmeftiMBPEA 132 i RIE oHEPIPREAWPESr EVEPsE REPLPFREXPRRE dpérands in
the register pair to obtain a 15 reflection of the readout. \Wen_reverse
nul ti pl exi ngnAedingpereabisterneRE| pRAnBAt MDRer 8ddgnpentr MyKst e ORANSES or e
regi ster RO: The alignnment MJX sel ects previously unselected 8 bit operands
E, F, and GAegisteyi Sibke & ¢candnypeldrd Hyf rowonsgodt eniROLld.state 310.
The al i gnment MJX 20 outputs aligned 32 bit word EFGH 312 in state 314 for

processi §g. In thpheexégeyeke €6yel ¢s3priRed $olroaded lignmed? bk ramridrk+3,
LMNO, 316. The alignment MJX 110 is controlled - 6 30 DEC2004 to select

bytes I, J, & POfainineababe 818 grdugubipubrdid,bikt awer dt+hJi-od?@Hen state
322. In cycle 3, the alignnment MJUX 110 forward nultipl exes regi sters RO and

RL. ~ Thus, th@aég.QLEagoﬁgan%gaépb@gbR% %%F%h%@%ﬂ%%nr%@%skﬂgsr%%i%ﬁﬁJS'RO 5

and Rl in the pair eath even cycle uhl e processing the packed 8 bit
A R 1 AR s S RO GRS
constant. Chggcagges bne of four memory locations in the register,

10 RxLL, RxLH, RxHL, and RXHH. FIGS. 2A-2D show four
different alignmenf cases for the 32 bit words in a
register pair 200 including registers R2 and R3. The four
8 bit operands may be properly aligned (FIG; 2A) or may
cross 32 bit word boundaries (FIGS. 2B-2D).

15 THe two least significant bits (LSB) 202 of the
pdiﬁter addresses are masked-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

20 operands from the eight memory locatiéns 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 (OEA or

OPB) for parallel prodessing of its component 8 bit



10 register file is prined, the 32 bit loads are aligned with a ngr pEen20ds
over head. Loading a data register wwith a msaligned 32 bit word i.n a

-gener al aurpose DSP may cause the generation of an exception. Eight bit

SI MD operations nmay require as nmany 15 as sixteen 8 bit operands to be
avai l able to the execution) units. This corresponds to two register pairs,
i.e.,,four registers.. Wth two 32 bit husses avail able for |oading the

regi ster pai s,r%QISf%%rt?%g?é?gvglﬂﬂs9nFgaded prior toinitiating the SIM
operation. According to an, enbodingnt, 20 a special instruction, e.g.,

DI SALGENEX, may tfesu%*é%iw%we%?ig?ﬁg tﬂg f {REEFBReFfo 28I daBIBechword.
generation of exceptions due to_rriisaligned access while primng the 8 bit
SI MD functi oii* |'gdbs . case, DFspALSENEXMERSt MUEt 1A gy ceatroligdpke z@igct

i ssued in conbination with one or two | oad operati ons which nay or may not
cross 32 bitthowpkerards HonB2Lhst RALH| oR28kanphes R2HEl, uded ELtput, in

DI SALGENEX,, RL = [iO++], R3 = [I11++]; 5 ('2.) DLSALGENEX, [pO++pl] - R5,
R3 = [il $+];t1Ret wbrdeg, tanFhGighed Bhebtenibed @0t cbhé atmy neorhicde tehe

| oad MJUX 106 to load the register pair RORL with adjacent 32 bit grouped

" wor ds correq&p@dgégrggdggad A. The control unit also controls | oad MJX 106
to |l oad register 10 wwth a 32 bit grouped, word corresponding to | oad B.

~The two LSBs 202 gf Lyg,ROLA! haddpessofhor ;Laad.p " Loadall 0Ll Ale Masked

of f by the control uni i nput as control signals to the alignment MJX

110. The ali n NUXES Lects the ropriate,four .operand an t he

LSBs of 15 t%ﬂg%?){: n‘?%r aﬁ&ﬁ&SS gf‘ Itglgg ﬂ%tsg’o Pﬁutal&r?%mnﬁn_?ég@%& tlsvvord,
OPA. R2 outputs 32_bit grouped word OPB. The 8 bit _operands in and, OPB
are oper at ed“®nt b9l eRec PiéglﬁﬁFt§geR8§GF@§dﬁE$R §§§%RE§%Hﬁnnﬁéaﬁ;x?nd

operations may be rel oaded into the register file.
~ 10 ° R2HL, and output, in that order, an aligned 32 bit word 206

containing those 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 the operands in R3HL, R3HH, R2LL, and

15 R2LH, and output, in fhat order, an aligned 32 bit word 208
containing those 8 bit sperands.

As shown in FIG. 2D, “11” indicates a 32 bit words
offset by 24 bits. 1In this éasé, the alignment MUX 110mis
controlled to select the operands in R3LH, R3HL, R3HH, and

20 .RZLL; and output, in that order, an aligned 32 bit word 210
containinglﬁhose 8 bit operands.

FIGS. 3A-3C illustrate an alignmeﬂt operation

according to an embodiment. The operation is primed (in



20 FIG 4 illustrates a register file architecture according to an8 0 DEC 2004
enbodi neqt in which the LSBs froma single pointer address (*|oadb[1:0])
-may be uded to nultiplex eight 8 bit operands fromtwo register pairs,

RO Rl and g 30 DEC 2004 82/R3, to output two aligned 32 bit words,

OPA and OPB. This allows the second pointer to be used for store

operations. Acc g _to.thi.s enbodl instructi

supported by ¥ %w}ﬂ b&l}ﬁﬁﬂéﬂg EeOhg 5§ﬁd§9ta89eggP18nséﬁ |n§3 u&ﬁF&ns
intended to operate on adjacent rows or colums in a 2D 8 bit data array.
An |nstructHBh?%k%%ﬁeguBBOP%§ WHngtﬁpéngf kdili GROBNINeay Dhakpd at Re TR¢hm
dregs = 8b OP(R1L: O R3:2)AMOD, [imt+].- dregs, dregs =10 [ imt+ ] ; FIG 5
illustrates %ﬁr%@@@ﬂelanEG aPBhi t Herdr & &@@6@@@@g8t@lanOQWH@@ﬁ@e@b|31
which the two LSBs from each of two pointers, imand in, for the 8 bit
packed data amdags aneé wsed &slcdniclades @Gnalit fo@renwﬂdtsi o, ex,nd,eiaglt A bit
15 operands. This is intended to provide two 32 bit grouped words to the

executi o unig st MOSr enkbanakl, gneRals &f agch+1an e Heidetr &t 8 Dar=al | gnnent
MJXs 110 are provided, each provided with the LSBs of a different pointer

as a-~ contrg st gaal fZQhé” BE%E%%C%H%&éMEéQ‘f%ﬂ”%ﬂésé'Nd%d§YQ%éﬁ“01".

al i gnnment may %ave the orm regs =

[im++], dreﬂécoréiﬁgib,’ailgnmen %UQEQl%p%%lé%%¥ 8 bit operands A, B,

C from register RO, and operand D from register Rl in state
302 aﬁd outputs aligned 32 bit word ABCD 304 in state 306.

10 Once primed, there is only one load required per cycle. As
shown in FIG. 3B, in the subsequent cycle (cycle 2)}
regiséer RO is loaded with 32 bit word k+2, HIJK, in étate
308. The alignment MUX 110 is éontrolied to reverse
mﬁitiplex the operands in the register pair to obtain a

15 refléction of the.readout. When reverse multiplexing the
operands, the alignment MUX reads out register Rl before
register RO. The aligﬁment MUX selects previously
Qnselected 8 bit éperands E, F, and G from register Rl,mand
operand H from register RO iﬁ state 310.. The alignment MUX

20 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 cqntrolled



dregs = 8b OP(R1: 0, R3:2)AMOD, dregs = [in ++], dregs = [in++.] ; 80 DEC 2004
alignnegé i ndependent 8 bit SIMD ADD operation may 5 be performed according
1o an enbodi nent. Quad 8 bit SIMD instructions are used to performtwo byte
additions with four 16 bit signed data outputs. Thirty-two bit | oad OPA
includes four 8 bit operands anm+3, amtz, amt+i, and am Thirty two bit | oad
OPB i ncl udes_four 8, bit operan ~pmt3, 2. 1 Miti nd bm The t 32
bi t groupedE%Faieﬁge Y63 ’e%fﬁ oPA lﬁéﬁqo%ueed‘j]o NG YFUDai

RO R1, and the 32 bit grouped words used to determ ne OPB na.y be | oaded on
regi ster paP+tRIPRA. I"I?%é S S FTRTR Bhit Bheivmiers Hf U ahbowptnbyr e
added. The results of the addition 15 operation are four 16 bit val ues,
am+3+bm+3r . ¥iK2 :BAv forgkic Bt iRl enre arfdbrgteratROrsandeRYr oupds,; Fheo 32
bit words and stored in two destination registers selected fromR4, R5, R6,
and R7. The3Rnbti.tudviadiss afrer ‘ywenrfgorpanged’heoat wegmetiie 20vo ndepestens BObi t
SIMD ADD operation may have the form (dregs, dregs) - g2badd (dreg pair,
dreg pai§y) anBdRe9Sn dmRUPair etk (el Addatyclelnag pai prdeExangl ehe
instructions include:" - 10 .30 DEC 2004 (r4, r5) g2badd (r1:0, r3:2);
(r5, rd) = g2badd @ i@ ¥4 R These instructions assune that the |oads
are always on the 32 bit boundary and that the two pointers are stored in 5

|O and 11. These ,val, e valid f 8 bi daries, . ho r a

actual ly occur o#33leig'ﬁ{sat[)roautn%larﬁles&erh%&%%A%@%é‘gs%é‘gr?n %ﬁeéq%(\(’;?ht %gsg?() and
il, are deco%ed to sel ect one of the four_p sgiblg | i nnegé cases from
regi ster pai ﬁ5QQF%§ﬁPQzﬁﬁgﬂl?%ﬂﬁ%§§i%%l@. e ?g ig?e? Bht ai ning 10
word k+1 is considered to be in registers RO anﬂd

word k+2 i sreéBRdiiddred anl NG erRiEFRed &R

10 register file is primed, the 32 bit loads are aligned with

R2,in the'def8ult, %nd t he
gaqonstant. nce the

a minimum of overhead.

Loading a data reéister with a misaligned 32 bit word
in a géneral purpose DSP may cause the generation of an
exception. Eight bit ‘SIMD operations may require as many

15 as sixteen 8 bit operands to be avéilable to the execution
units. This corresponds to two register pairs, i.e., four
registérs. With twb 32 bit busses available for loading
the register pairs, the four registers must loaded priof to
initiating the SIMD operation. According to an embodiment,

20 a special instruction, e.g.,lDISALGENEX, may be used while.
priming the function to disable the generétion of
exceptions aue to misaligned access while priming.the-S bit

SIMD function loops. The DISALGENEX instruction may be



The "R' option specifies that the reflection of the read out shoul & 8&EC 2004
perforneg, as described above in 15 connection with FIG 3B. This allows

-ef fectiveg ping ponging between the registers in each pair while executing
an array processing function. The above-descri bed alignnent independent

SI MD ADD' operation may be used to support a nunber of inage based 20

cal cul at Onsisscaé@riﬁ'%ﬁéﬁ%gﬁe‘%eﬁﬁgaeS!:&-/Dtsaeeiaghoeaegaxéfitzﬁsp%fi%”ed

according to various e I nc I'ng, for exanpl e, Subfraction,

mul tiplication, nmultiply-accumula ) and_a.nunber, of special - 11

30 DEC 2004 T h<TE 1Y HRET O RE: R AcRARPaPA FsaasoRey RREERGC M
bilinear interpol ation. Depending on the desired SIMD operation, different
met hods of BF&YMREP? FAGLPEStsed for 32 bit grouped words. 5 The 8 bit case
has been described above, with four different alignment cases. Sixteen bit
data may al so groUbed PREBLEBNBEX:. Rdats [i8ach | Bads WilllH+Adve two al i gnnent
cases, aligned and m saligned, in which the 16 bit operands are shifted by
16 bits. 5The two ZBs DLISALGENBXpoilpOerpdddre’S,f 83 thdillead,; may be used
to determine the alignnment case, for exanple, "00" for the aligned case,

and "OLl" for the pésabhgngdteasec.Anot hee casersay ubd tganer alayz ednftaro 1S MD
operations which operate on m xed data types, for exanple, 32 bit grouped

words cont ai g, 00) ghdedul 1bsbkb aBdalenbi reQpRef@rdpair ROYIRAL Grithi | e
architecture according to. an enbodi nent may provi de higher throughput for

2, varLoty Ofadyg58,8nYs ! B0 BN VS oLl L el mie
S TToron o toRRERY ShiknanshotbntSors 1dha WA 108 T¥9b4L e 2
10 with a 32 bit grouped,wdrd corresponding to_load B. The two
LSBs 202 of the pointér address for load A (*lpada[l:O])
are masked off by the control unit and input as control
signals to the alignment MUX 110. The alignment MUX
selects the appropriate four operands based on the LSBs of
15 the pointef address of load A to output an aligned 32 bit
wérd, OPA. R2 outputs 32 bit grouped word OPB. The 8lbit_
operands in OPA and OPB are oﬁerated on by execution units.
- Results RESA and RESB from these operations may bé reloaded
into the register file.
20 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 registgr pairs, RO/R1 and



and al so inprove cycle count by elimnating the need for detecting@H®EC 2004
al i gnnent, state and subsequent branching to - 12 30 DEC 2004 the :
-approprigte sequence of instructions. Thus, the register file architecture
may provide for alignnment of data on 8 bit boundaries within the execution
units w thout burdening the nenory interface, which may be reserved for. 5

32 bit |oadRst/ane QREIAANS -t Jd1ea Bl MeNtis; dessridedopROYEaWIbEh Support
al i gnnent i ndependent SIND operations are particularly well suited to

I
ti Ty . . . Th
"Rl ude. T or dyanars s TR Aadtd e B P SR PR TSRO Bt £ v, “ane
hal f XY, f ti onal tiaqf h ti I ti tion. A
general ' pur RSSO Srcl TR S Pegt St EP P | FEPSTLRPREct fr BXBCEBNHI ng o the
various enbodi nents may be well suited for use_ in video_processing inmaging

equi prent 13 DEHIICREGNS 22 XPES IARPRES A NPEG 41 IV 2BS RULERBeBEandar ds

for video conpression. Such a general purpose DSP is contenplated for use

i n vi deoS carnrciegmrsienti gixe¢uthomraf, inetseohierantnhgndpd-toi deeraseds,
and HDTV. As shown in FIG 6, a video 20 processor 600 for an HDTV 602 wi th
a di spl ay soreed dxernmyrows!| odecal @ffs 606 anZ2Dufli hjtadeegi sreaytil &n .
architecture 608 according to an enbodi nent and a nenory 610 for storing

i nstructions fred &% MROcki depporeseshiBgtoper aki ansgnmedd may36abeC
2004 In addition, the general -purpose DSP is also contenplated for use in

connection wyth gfJier technol ogies utilizing digital signal processing such
as voi ce processing used in nobil e tel ephony, speech recognition, and ot her

dregs = 8b_OP(R1:0,R3:2)AMOD, [im++]_= dregs, dregs =
10 (ig++]:

FIG. 5 illustrates a register file architecture
according to an embodiment in which the two LSBs from each
of two pointers, inp and i,, for the 8 bit-packed'data arrays
are used as control signals for multiplexing eight 8 bit

15 operands.' This is intended to provide'two 32 bit grouped -
_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.
20 'An instruction which support this type of alignment
may have the form:

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

(in++]s



5 applications. . A nunmber of enbodinents of the invention have b8dnDEC 2004
descri beq. Nevertheless, it will be understood that various nodifications
-may be de without departing fromthe spirit .and scope of the invention.
Accordingly, other enbodiments 10 are within the scope of the follow ng
clainms. - 14 30 DEC 2004 WHAT IS CLAIMED |'S: 1. An appar at us
conprising: a regh&%er pair adapted to store two grouped words conprising
in aggregate up to 2n operands and 5 an operand sel ector adapted to sel ect
n operands fromsaid registe r.ang.,o an,al i gned grouped wor
conpri si ng said ﬁP 5%d§b+épfg£p%hsg3 g gHéBntFBF |gné&“ihgfca?F9%SoT an
al i gnnent state of sajd two grouped words. 2. The apparatus of claim1,
wherein saldlo égand 10 selector is a multiplexes. 3. The apparatus of
claim1l, mhereln the control signal conprises the two |east significant
bits of a point eAmddrigment ohedependentt fobgrofp¥lB MOPdoperationTmay
apparatus of claim1, wherein each of the two 15 grouped words and the

al i gned §r ougeepenfiakrmadpacser@nyi towendsmb&diffibatapp@uatius ofitclsaiMb 1,
wherein n equals 4. 6. The apparatus of claim1, wherein said n operands
conpri se 8 HidstwaidtSions 1&re usS@dDEE BEOAcFm W6 Bppar abds t@bnel aiimnl,
wherein said n operands conprise 16 bit words. 8. The apparatus of claiml,

further comprdsi ngg &@egp@ﬁeae&a%%ueehesadaﬁhﬁgtkot%%qta1%%0@¢p§et 5
of two grouped words conprising 2n operands, wherein said operand sel ector

i s adapted t(ﬁ%ﬂéég ébgpeéaggg ééggéﬁggdaseco d reglster RAIr  angy, ?gEggt a

second allgne groupe Sar§>h opeérfan H?’ln resﬂonse
control S|g |nd|c t| i nt _state of 10_s d flrs set of two
gr ouped mor %p%géthgc Pdgﬁg? EFFh8Pe58 E:’a""%fecond

regist erlOpalbrmJ,?,daaprtxc?db,:.é Sthoer etwao S:?ZCOQPt Sgerouped words used to determine

OPA may be loaded on register pair RO/RL, and the 32 bit
gfouped words used to determing OPB may be loaded on
register pair R2/R3. The corresponding 8.bit operands of
OPA and OPB are added. The results of the addition

15 operation are four 16 bit values, am3tbmss, ams2tbme2,
am+1+bmir, @and aptbn, that.may be groupéd,into 32 bit words
and stored in two destination.registers selected from R4,
R5, R6, and R7.

The instructidns-for performing the alignment

20 independent 8 bit SIMD ADD operation may have the form:

g2badd (dreg pair, dreg pair) ;

(dregs, dregs)

(dregs, dregs) q2badd (dreg_pair, dreg_pair)R;

Example instructions include:-

- 10 -



of two grouped words conprising 2n operands, wherein said operand s8I0cDE®r2004
is adapted to select n 15 operands from said second regi ster pair and

-out put a%second al i gned grouped word conprising said n operands in response
to a control signal indicative of an alignnent state of said second set of
two grouped words. 10. A video processor conprising: 20 a nenory to store

instructions .to (e,f @9h W de2opddCEsSi Mg ppezpfi ons: - 16 30 DEC 2004
a digital signal processor conprising: a first register adapted to store a

first grouped wor@scorgy) si ngppugPe(ands; a3sepend register adapted to
store a second 5 grouped words conprising n operands; and a multipl exes

adapted to sel ec : ral t n_ 0O, nds in the first,register
and the second r§g¥§%£§J§%%§3%{%%%sa%g%ﬁﬁangﬁégrgﬁﬁegoﬁg?daE%n%+Y§§ﬁg°§aid
n sel ected er ands .i.n.response to.,a control 10 sigpal corresponding {o an
al i gnnent s%ﬁﬁéﬂgfaﬁﬁ(P?qﬁéﬁrﬁr%%%eﬁhﬁbrébel VOTﬂngF%QB %F%c%%%B?go¥n
claim 10, wherein the control signal conprises the two |east significant
bits of & pdithterd dddr esN@Te o¥RIWES f2FSt VahldsEesndl i bupednderes, 15 12
The vi deo processor of claim 10, wherein each of the first grouped word,
second groupe¥emsi larAs rctabhedogeetped derditonpundariesbit Thvertge 13.
The video processor of claim 10, wherein n equals 4. 20 14. The video

processor ofLSHsifmch) tivhepeimtensdi® and7il, 306e DE€c3064 vpesabdstconpri se
8 bit words: 15: The video processor of claim 10, wherein said n operands

conprise 16 Jd¥ ttnridsur 1fos £ 9Es hoti gament StagdesSrkemdiagistéirghigsouped
word conprising n operands; |oading a second grouped word conprising n
operands; defg/i i 19 By R4 ] IPEERL L1 ALy Of $ALA ELESte@Ndontaining
10 word k+1 is considered to be in registers RO.and R2 in the
default, and the Qord k+2 is considered to be in registers
R1 and R3.
The "R" option specifies that the reflection of the
read out should be performed, as described above in
15 connection with FIG. 3B. This allows effective ping-
" ponging between the registers in each pair while executing_
an array processing funption. |
| The above-described alignmént independent SIMD ADD™
operation may be used to support a numbef of image based
20 calculétions. Other alignment indépendent SIMD opérations
may be performed acéording to various embodiments,

including, for example, subtraction, multiplication,

multiply-accumulate (MAC) and a number of special

- 11 -



second words; selecting n operands fromthe 2n operands in the firs§ glfg@no
second gbouped words in response to the determ ned alignnent state; and
-outputting an aligned grouped word conprising n operands. 17. The met hod of
claim 16, wherein determ ning the 15 alignment state conprises determ ning
the two | east significant bits of one of said first and second grouped

words: 18. T i ] Ld i apd.:secopd uped
words are ag?gggﬁ%h%§¥gi f%ﬁéﬁ%éf%?§f§g§§89§?gg (SégsDE%EiggjﬁaiQQB%he

met hod of CM@ﬂgﬁg rvfﬁgéﬁébfg 541 ng n operands conprises selecting n

adj acent opérands 1n ‘sai ITst and second grouped words. 20. The net hod of

claim 16, further.co ] Si ng: | ogdi n i,nd_grouped word _conprising n
oper ands; sel ecti %H%ﬁﬁﬁa. sé??oﬁ?Fﬁgegnggg@r8ﬁ8§a£ﬁophed§5§8g§n§nd third
grouped words in response to the determ ned alignnent state; and outputting
a second al MfiPds bl igrmerbnPRYsPaguiiedofepesdnldt groupre WeKKSd of
claim 20, wherein selecting n operands conprises reverse nultiplexing n
oper ands5betTieeB thict sezomdhandoebnr degcouped wbptts, R2thTHeuappar at us of
claim 16, wherein each of the 15 two grouped words and the aligned grouped
word conpri sB ekdit WOl tignm@3t dheeappar ginseeh bliai Art6, malyerndise sai d n
operands conprise 8 bit words. 24. An apparatus, including instructions

residing on grc;'\%:ec_i PR HE2 28904 hoadgrchisnenr eadakl @ine@dhdfe fkeio use
aligning operands in a grouped word, the instructions causing the machine

to: load a falrfémaér?ypsgs%rdagszgn@h_ssaa Hli@agriga@a;, liaghna cre¢erd 197 ouped
word conprising n operands; 5 defermne an alignnent state of said first

~ and second W@f@séperands are shifted by 16 bits. The two LSBs of the

10 pointer address for the load may be used to determine the
alignment case, for exampl¢{ "00" for the aligned case, and
"01l" for the misalignea case. Another case ﬁay be
generalized for SIMD operatidns which operate on mixed data
types, for example, 32 bit grouped words containing mixed 8

15 Dbit and 16 bit operands.

A register file architedture according to.an
embodiﬁent ﬁay provide'higﬁér throughput for a variety of
video and imaging algorithms by eliminated the need to pre- .
process data for the various alignment operations. This

20 may reduce code size by eliminating similar routines iﬁ the
code intended to handle the different alignment situations
;nd also imérove cycle count by eliminating the need for

detecting the alignment state and subsequent branching to

- 12 -



select n operands fromthe 2n operands in the first and second groggaEC 2004
words inyesponse to the determ ned alignnment states and 10 out put an

-al i gned onouped word conprising n operands. 25. The apparatus of claim 24,
wherein the instructions that cause the machine to determ ne the alignnent
state further'conprise instructions that cause the nmachine to determ ne the

tuo |least siAgi bheanp ks o q;;énr]rag 38 chfd¢ o @nd wggond. gy ouped

wor ds. t'as mhereln sai nd second gr ouped
wor ds are ad acent arra 27. Th aratus of claim 26,
Wher i n t hoTPASEREE! Fone Abah AERrlld R ol ie, BH ea?ilm%%t S 20
further conprlse i nstructions hat caus the nachlne to select n adj acent
oper ands i n98&2d °f BsPdndP e eXeRIERN JeUts bt BeOULs.
The apparatus of claim 24, further conprising instructions that cause the
machi ne to: blgalend nchithe gremarad m%rr%ﬁm rgltmﬁ maydrangesesved| &e¥ n
operands fromthe 2n operands in the second and third grouped words in
responsest o 3heidetlerad fecbrad iqpematt iciat e; and out put a second al i gned
grouped word conprising n operands. 10 29. The apparatus of claim 28,

wherei n the inst rue icasod hsdn tauses ¢ b ad cdih oee twh Seh estippopper ands
further conprise instructions that cause the machine to reverse multiplex n

operands betwg ?h SRk flch th[‘i'D%;Qé'P@Ql&%dére 18art 2dular89 PEC12004
30. An apparat S conprrsrng a register pair adapted to store two grouped

wor ds Conprg%f¥%d|1 Q%E%&?éloﬁﬁ’{ﬁtéﬁd88e£8”9§pp6P€ $88LSt Ehd image
based processing. These include, for example, 8 bit quad
10 interpolation for half X, half Y, and half XY, fracﬁional
motion search operations, and motion compensation.

A géneral purpose DSP including a regiSter.file_
afchitectore accordino.to the various embodiments may be
well suited  for use in video processing imaging equipment

15 which utilize MPEG-1/MPEG-2/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
20 processonIGOO 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 memorythO-for storing

instructions for performing video processing operations.
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5 pair including a first register and a second register; a control.:8QrBEC 2us
operative to: prime the apparatus for aligning a plurality of grouped words
-in a datg array by loading first and second grouped words from said
plurality of grouped 10 words into the register pair and determ ning an
alignnment state of at |east one of said first and second grouped words in a
first alignpent ration;, and | K {0 fs j I | rouped
15 words intB 6ﬂ§?'§f'°§ai 5hfe| rg%tneg%§ gbeucr}ggngcfere%élés)t?esfgdl?snooe%%ﬁééar&%][%%?i ty of
subsequent al i gnnent operations; and,an ergnd .selector adapied. to sel ect
n operands FPENHERePWGOGH é@qmﬂiiPi9$ﬁéﬁ FERR L Hi Y S B put  an
20 aligned grouped word conprising said n operands in response to the
control sigAabitadi cdgngd FrAqes HNYHTT 3T AV T REFLIWNGro?fdd hor ds
in each of the first and said subsequent alignnment operations, wherein in
each of themsbthiequeitpildmnnEpesh omregnidnison+ ndovtre¥ unit | oads only
one grouped word 2la 30 DEC 2004 fromsaid plurality of grouped words
into thesregpghekapdionsand the operand sel ector outputs one aligned grouped
word fromsaid register pair. 5 31. The apparatus of claim30, wherein said

operand sel ector ai §,gBH td P! S d i eat INEE appar ahwdn ook | Rh v 30eemnher ei n
the control signal conmprises the two | east significant bits of a 10 pointer

addr ess of . j d WO : BB. syrEtclakmbas,
wherein eac%%%fcq{lr?zea'v\o&e\é’r)eo%e %Hs{g%%?%eb%ﬁaﬁggég%ﬂpgd a/ord conpri se
32 blt mord%b&%%f%%tiggéEﬁ&?”é%Lﬁa é &i@ﬁghéode¥Q9£fh8 ?rgﬂu@hé épirit

and scope of the invention. Accordingly, other embodiments

10 are within the écope of the following claims.
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35. The apparatus of claim 30, wherein said n operands conprise 8 B89 DEC 2004
words. 20, 36. The apparatus of claim 30, wherein said n operands conprise
16 bit words. 37. The apparatus of claim 30, further conprising: 21b 30
DEC 2004 a second register. pair adapted to store a second set of two
grouped words conprising 2n operands, wherein said operand selector is
adapted to %ﬁhﬁ sl qu;fronlsaid second register pair and output a
second 5 ali'gned "grouped word conprising said n operands in response to a
control signal indicative of an alignment state of said first set of two
grouped words. 38. The apparatus of claim30, further conprising: 1o a
second register fair dgapprkrarss orenprsetopd set of two grouped words
conprising 2n operands, wherein said operand selector is adapted to sel ect

n operands from sairkgEenm gLih sdddppead rtandtoué puwvoagseapsd abirgsed
grouped word conprising said n operands in response 15 to a control signal
ndicative Qo it BN ahAlSa 0l 831 o S2A0BPIe88hag! LKA grouped vor ds.
39. A video processor” conprising: a nmenory to store instructions to perform
vi deo 2o0_processi_ng operations,y 1.0l Lgnal S0 LSLkRg . a
registerspair ad FTFE cﬁ%??gEg%r%%%%Eé§o?§53§%%%?i§i%nggﬂgggggggte up

Lo 2n operands,. L 180 S1SL, P L4l BSLUTLNG,2, 11E8k o 896348k Bada® Second

comprising said n operands in response to a control signal

indicative of an alignment state of said two grouped words.

2. The apparatus of claim 1, wherein said operand

10 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 oﬁe of said two grouped words.

4! The apparatus of claim 1, wherein each of the two
15 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 1, wherein said n operands

comprise 8 bit words.
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30 DEC 2004 a control unit operative to: prime the apparatus for alﬁgrﬂﬁrcgm‘
plurality of grouped words in a data array by loading first and second
grouped ﬁbrds fromsaid plurality of 5 grouped words into the register pair
and determ ning an alignment state of at |east one of said first and second
grouped words in a first alignnent operation; and |oad a next one of said

plurality of grouped kg,gWdisatdt@s 08 Olasdi f, Tuhste PR SEEONTopEPARYEST S
in each a plurality of subsequent alignnment operations; and an operand

sel ector ad d.to ci ands fromthe two grouped words in said
regi ster pa%rpott@r{cf‘soeuflgéufbla%qﬁg&g%i gned grouped word conprising said n

operands in response to a the control signal indicative of the alignnent
state of said two grouped words in each of the first and said subsequent
al i gnment oper atitons, Therapparatescdf otlabe (ubfegueat abhgniehhg2o
operations, the control unit |oads only one grouped word from said

plurality of groupesbywridsréqioréhepsegi steptoai toagtotbeaopeeand setect or
out puts one aligned grouped word fromsaid register pair. 21d 30 DEC 2004

40." The idqgfpng&§?$§%#§é%?%§{o 3omPheL ehl bHecpePLRAQL, signal conprises

the two l[east signi a pointer address of one of first and

second grouped wor,ds. 5 41,.The vi r.of LEn3 Ln_each
of the first grodﬁgﬁFﬁbﬁd?aééé%%%kgsgugégg§g§g é%daghékgéig%egggégﬁpgd wor d
2332[;56 32 Bl Words: 32 <ahg yLldeg rragessar 8hs¢! ah 33epubetelicing

aligned grouped word comprisihg said n operands in response

to a control signal indicative of an alignment state of

10 said first set of two grouped words.

9. The apparatus of ciaim 1, further comprising:
a second register pair adapted,fo store a second set
of two grouped words comprising 2n operands,
wherein said operand selector is adapted to select n
15 operands from said second register pair.and'output a second.
aligned grouped word comprising said n operands in response
to a control signal indicative bf an alignment state of

said second set of two grouped words.

10. A video ﬁrocessor comprising:

20 . a memory to store instructions to perform wvideo

processing operations;
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10 4 . 43. The video processor of claim 39, wherein said n operanﬁo DEC 2004
conprise-8 bit words. 15 44. The video processor of claim39, wherelrn said
n operands conprise 16 bit words. 45. A method conprising: |oading a first
grouped word conprising n operands; 20 |oading a second grouped word
conprising n operands; determ ning an alignnent state of said first and

second words; sel gcliggta10peuARdS Priceidsldis: bmpnarainds. in the first and
second grouped words in response to the determ ned 25 alignnent state; 2le

30 DEC 2004 outputti ”gaa@i@'sitg'i%%i_%rt%‘ip%%ag:géh : eé"é‘%%é’% Ne OP&I %@%‘35

| oading a third grouped word conprising n er ands ing n

fromthe 2n Operaag§di99%@?1@1&5§?ﬁq¥fgggﬁ4g-rd grouped words in response to
u |

t he determ ned al I gnnen fat'e; “and putti’ng a second aligned grouped
word conprising n operands. 10 46. .The net hod of claim45, wherein

determini ng the ali gnmBnfeSPRCe FEGHH St SHPRENI TR RFAUIR 3 WRPTET
significant bits of one of said first and second grouped words. 15 47. The
met hod of5 cl ai m 48roupefeerssi ¢ompsits iaed nseamarengtoupstd wor ds are

adj acent words in a data array. 48. The nethod of claim47, wherein

sel ecting n operands cenmuilsdpleedeac tadap tredadjacssite dpat agyksranmd s af oz 0
first and second grouped words. 49. The nethod of claim45, wherein

sel ecting n operagHs ganppies@nhdseviel ShdTi it eddids e PRei@nese besyern t he

second and third grouped words. 25 21E 30 DEC 2004
register and output an aligned grouped word comprising
said n selected operands in response to a control

10 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 address of one of first and second grouped words.

15 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

20 14. The video processor of claim 10, wherein said n
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50. The method of claim45, wherein each of the two grouped words a8 BEfedwe
al i gned grouped word conprise 32 bit words. 5 51. The nethod of claim 45,
wherein said n operands conprise 8 bit words. 52. An apparatus, including
instructions residing on a nachi ne-readabl e nediumy for use aligning
operands in a 10 grouped word, the instructions causing the nmachine to:

load a firsip@rQRRd WMk Y II5i hdedr@per ands; | oad a second grouped word
conpri sing n operands; determ ne an alignnent state of said first and

second words; 15 select n operands fromthe 2n operands in the first and
second grouped words in response to the deternined alignnent state; output
an aligned groupéd workhe oitesi PP eedper apfisclabandl@, t vhedegnoapéd word
conprising n operands; 20 select n operands fromthe 2n operands in the
second and tdpemargisoupsEtbmioselsl 6 rbiesponde.to t he deterni ned al i gnnent
state: and output a second aligned grouped word conprising n operands. 25
219 30 DEC 2004 53. The apparatus of claim52, wherein the instructions
t hat cause the ggine to qﬁtgrnine the alignment state further conprise

i nstructions thatSaude BRYHR feXRPhtStd9det er mi ne the two | east
significant bits of one of said first and second grouped words. 54. The
apparatu8 of clai¥RadingireriipskagaoppedtwaRg comprising n operands;

loading a second grouped word chprising n operands;
dgtermining an alignment state of said first and
second words; -
selecting n operands from the 2n operands in the first
10 and secénd grouped words in response to the determined
alignment state; and
outputting an aligned grouped word comprising n

operands.

17. The method of claim 16, wherein determining 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, Whe:ein said first and

second grouped words are adjacent words in a da;a array.
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second grouped words are adjacent words in a data array. 10.55. The § 0 DEC 2004
appar atus of claimb54, wherein the instructions that cause the machine to
select n aperands further conprise instructions that cause the nmachine to
sel ect n adjacent operands in said first and second grouped 15 words . 56.
The apparatus of claim 52, wherein the instructions that cause the nachi ne

to select n operapds fupEhgetReAPbIESE Lalst 118Gt WBRT likals QA ihe Machi ne
"to 20 reverse nultiplex n operands between the second and third grouped

words. 57. The.. a L _clai + iwherein . e e i.gnment
oper ati ons, %9%%2%a%gaggﬁg%%o%ggéggeﬁgbﬁéa? F%ehabﬁéggﬁﬁgﬂﬁgﬁlg%?%ﬂts
sai d aligned ﬁrouped 21h 0 DEC 2004 word wi thout receiving a control

si gnal fron1§ Esioﬂ??o?eﬁﬁp PRAES iH&rgﬁ'alignnent state of either

grouped word in the register pair. 5 58. The apparatus of claim30, wherein
t he operand selector is operative.-to: forward nmultiplex operands in the
regi ster paizoin the hethbdabifgaiaim QEer uraheandtoagd-inireer ed subsequent
al i gnnment operations; and 10 reverse nultiplex operands in the register

pair in gven-nunbesred; HPSCEUER ArloRHERN by ARE RIS 1 mP- 2Ry atus of
clain130$ wher ein tﬁelcgntrol uni? IS operative tgﬁgiégg?élEﬂgageneration

of ‘exceptions 15 guecLe;fbSAl LBGd ACes™ L Idil MR oper at i on.

60. The vi deo proCessor cl a , whereinin sequent al 1 gnment

operations, éggoggegggdtigE%F%%%uped words in response to the

determined alignment state; and
outputting a second aligned grouped word comprising n

10 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

15 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 apparatus, including instructions residing on
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sel ects said n operands and outputs said aligned grouped 20\chivapﬁgﬂtzn‘
receiving,a control signal fromthe control unit indicating an alignnent

state of %ither grouped word in the register pair. 61. The vi deo processor
of claim 39, wherein the 25 operand selector is operative to: 21i 30 DEC
2004 forward multiplex operands in the register pair in the first alignnent

operation and pddhanebeegdapils a@danin, alignY ORYratdPBHe HHHS everse
mul ti pl ex operands in the register pair in 5 even-nunbered subsequent

al i gnment opgEaLEARS.o8d, TR VRO RIACERS il Al Yhohal ey, the

control unit”is operative to dis e generati| exceptions due to
m sal i gned access,in the tir;} al i nqgnt 1 erati.on. 63. An %ggaratus
S

0
conprising: a regﬁgégrapgﬁfs dgﬁfb "J5t & Q&fﬁﬁ%ﬂﬂmﬂi%&ﬁ%ﬁp frpri si ng
in aggregate up to 2n operands, the 15 register pair, including a first
regi ster and a se¢GRd Fe&ﬁﬁﬂ&% ARG HOUfhi UL & (P IRTER t he
apparatus for aligning a plurality of grouped words in a data array by
| oadi ng 2 first gedesadosd agr adpahmittdss fatemashithigl ufiarst yand geoeepedd
words into the register pair and determning an alignnent state of at |east
one of said Wotsits;and second grouped words in a first alignnment 25 ' '
operation; and 21]
"select n operands from the 2n operands in the first
and second grouped words in response to the determined
alignment state; and

10 output an aligned grouped word comprising n operands.

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

15 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
20 further comprise instructions that cause the machine to

select n adjacent operands in said first and second grouped
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30 DEC 2004 | oad a next one of said plurality of grouped words int o3dhBEGf2004
sai d firsi and second registers in each a plurality of subsequent alignnent
-operations; and 5 an operand sel ector adapted to select n operands fromthe
two grouped words in said register pair and output an aligned grouped word
conprising said n operands in response to the control .signal indicative of
the alignnmenwogstat.e of said two grouped 10 words in each of the first and
sai d subsequent alignnent operations, wherein the operand selector is
connected to one or nore execution units such that the aligned 15 group
word is output fr th I ctor. . directly ' e Lon_uynits,
and in each of thg%éubgggﬁgﬁﬁgkééﬁﬁié1 %é%é@l%%hs%8¥%£gﬁo§§§§%iggp | oads
only one 2o grouped word fromsaid plurality of grouped words into the

regi ster paignéﬁ&uFﬁéoﬁﬁbr :ﬁﬁ%ﬁénﬁk?umigﬁ%n%ngoaligned grouped wor d
fromsaid register pair. 25 21k .30 DEC 2004 64. The apparatus of claim
63, wherein the cé®abla fitgied TP ECFheCPMBr 1 85R¢ Bi GREFRBEAT bits of
a pointer address of one of said two grouped words. 5 65. The apparatus of
cl ai m 63, 5wher ei n sedefcton tdretandgyr bopedtberds aperandsainghbd geeapdd
word conprise 32 bit words. 10 66. The apparatus of claim 63, wherein n
equal s 4. 67 antherdprirgicisped wodadsn 63, rebporsa sai tha dpeeandaedonprise 8
bit words. 15 68. The apparatus of claim 63, wherein said n operands

conprise 16 Riitj gMH: state; and
output a second aligned grouped word comprising n

operands.

10 ~ 29. The apparatus of claim 28; wherein the
instructions that causé the maqhine to selecf n operands
further comprise instructions that cause the machine to
reverse multiplex n operands betweeh_the_secpnd and third
grouped words.

15
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'69. The apparatus of claim63, further conprising: a second registqgnqﬁmrzm4
adapted to store a 20 second set of two grouped words conprising 2n

-oper ands,

wherein said operand selector is adapted to sel ect n operands

fromsaid second register pair and output a second aligned grouped word
conprising said n 25 operands in response to a control signal indicative of
211 30 DEC 2004 r an alignnment state of said first set of two grouped
words. 70. The apparatus of claim63, further conprising: s a second

regi ster pair adapted to store a second set of two grouped words conprising

2n oper ands,

wherein_said operand selector is adapted to sel ect n operands

from sai d second3PegPBt BPPRAPFUENECTBT&GEPEE a second al i gned grouped word
conprising said n operands in response to a control signal indicative of an
ali gnment state 8f regigteschadrsataBrefwbogrPbapedtiBr §5°UREA7YOrAsyi deo

processor conprising: a nmenor

to store instructions to performvideo

y
processi ng 6PEPAEEPHAS; 1A APgIredrtsi YRaltoprBceR8sRNESmpF8i K§ILaTREgI st er
pair adapted to store two grouped 20 words conprising in aggregate up to 2n
operands? tRalrednstefipgi A fAEPhdrR§LIaTEFr 8Rdr 8gPeFRPrdan8TaSsEEANd

regi ster;

a control unit _operative to: prine the apparatus for aligning a

plurality 25 of @r6@pEdokorasti RP&rasi¥®atPay by | oadi ng 21m

10

15

20

25

prime the apparatus for aligning a plurality of
grouped words in a data array by loading first and
second grouped words from said plurality of grouped
words into the register pair and determining an
alignment state of at least one of said first and
second grouped words in a first alignment operation;
and

load a next one of said plurality of grouped
words into one of said first and second registers in
each a plurality of subsequent alignment operations;
and

an operand selector adapted to select n operands from

the two grouped words in said register pair and output an
aligned grouped word comprising said n operands in response
to the control signal indicative of the alignment state of
said two grouped words in each of the first and said

subsequent alignment operations,

wherein in each of the subsequent alignment

operations, the control unit loads only one grouped word

21a



30 DEC 2004 first and second grouped words fromsaid plurality of QrggFQQA
words into the register pair and determ ning an alignnent state o? at | east
.one of said first and second 5 grouped words in a first alignment
operation; and load a next one of said plurality of grouped words into one
of said first and second registers in each a plurality of subsequent 1lo

al i gnnent operations; and an operand sel ector adapted to sel ect n operands
fromthe two groupe rds.in said register ir,and output an_aligned

gr ouped mor@r%Bni i iﬁgugi%ﬂtﬁ 8Eegﬁﬂg e%nw?ggﬁoh% ot bhg fﬁ%lﬁBﬁFrgFlgigna
15 indicative of the ali nneni state of said two groaggd words in each of
the first anadshid %E%E%gﬂeﬁ? aFFghnBREPBPEr AT oRSIINRRr BFAUPRE BPREFand

sel ector is connected to one or 20 nore execution units such that the

al i gned gr ofPPRof @ P88t PHET T PBHFt he operand sel ector directly to the
execution units, and in each of the subsequent alignnent 25 operations, the
control unit |oads only one 21n 30 DEC 2004 grouped word fromsaid
plurality of grouped words into the register pair and the gperand sel ector
out put s ®ne alig%gd EP%uﬁEHaﬁﬁFHSfPSHFg%FH ?QgigF%Febﬁi??lg 9PSIFAE vi deo
processor of claim 71, wherein the control signal conprises the two | east
si gni fi cant SBLeSter aSpdi MéF1BUBFEEs of one of first and second grouped
words. 1o 73. The video processor of claim 71, wherein each of the first
grouped word, second grouped word and the aligned grouped word conprise 32
bit words. 74. The video processor of claim71, wherein n equals 15 4 . 75.
The video proces3dr BhecpBPAFZIUSWAEr ELAlBaPH, nwherein the control

signal comprises the two least significant bits of a

10 pointer address of one of said two grouped words.

33. The apparatus of claim 30, wherein each of the two

grouped words and the aligned grouped word comprise 32 bit

words.
15
34. The apparatus of claim 30, wherein n equals 4.
35. The apparatus of claim 30, wherein said n operands
comprise 8 bit words.
20

36. The apparatus of claim 30, wherein said n operands

comprise 16 bit words.

37. The apparatus of claim 30, further comprising:

21b



operands conprise 8 bit words. 20 76. The vi deo processor of él bg@%ﬁn
wherein said n operands conprise 16 bit words. 77. A nethod c Hﬁ img:
1'oading a first grouped word conprising n 25 operands; 210 30 DEC 2004

| oadi ng a second grouped word conprising n operands; determ ning an
alignment state of said first and second words; 5 selecting n operands from
the 2n operands in the first and second grouped words in response to the

determ ned al i gnmantegbaiiere@UisRidlt iRg rf LRMARLORY ad 3ol Ll r&etly to

one or nore execution units an aligned grouped word 1o conprising n

operands; | og¢i Rgoa gtrbiupd OKRWRRd WId: 1GAMRY i8] RGBT QRES ands; sel ecting n
operands fromthe 2n opéerands in the second and third grouped words in

response to the 13ndetanmsned dldedARNtsc3lealeyr and QY ing sfélgélaé he
ond ali gr ouped

operand sel ector directly to the execution units a se ghe

word conpri SEEQrQn_@Berf§%9§ sa4@ Gcolhe f@%ti@(%%rofﬁaq‘lxaiaﬁ Y Gyt :a!;a%[econd

determ ning the alignnment state conprises determning et

significant BQht f g i
DEC 2004 79, “ThE et Hog BF ORI 77 Rarer i 2ar T CPoE AN ok dnd o Eiped

words are adigcgniowerds is'lg%aq.ati"i’qd@_rcra@ive8?rf The arf':itggl A Llaidn s,

wherein selecting n 5 operands conprises selecting n | acent operands in

said first aggiae%gggtg%%%pgg-wgkp r&gbe'ﬂwaﬂgghod of claim77, wherein
sel ecting n operands conprises reverse multiplexing n operands between 10

the second and third grouped words. 82. The nethod of claim 77, wherein
each of the two grouped words and the aligned grouped word conprise 32 bit

words. 15 83. The3I§Lft H‘?l% Q p%.lz%itrﬁ]g%’f \Ml%rlt?r{ %Os.aif%ﬁh%%ezﬁaorr?]ngbsroiﬁs%arﬁ)ij se 8

bit words. 84. An apparatus, including ins rucflons_re5| 0
nachlne-ﬁgadable geg%%%hdf%%ﬁﬂ%%e§]k%qﬁn%d%EﬁEQPQ%'3%5%é”§“§§%%ﬁg"§gtthe
i nstructions causing the nmachine to:
of two grouped words comprising 2n operands,
wherein said operand selector is adapted to select n
operands from said second register pair and output a second

aligned grouped word comprising said n operands in response

16 to a control signal indicative of an alignment state of

sald second set of two grouped words.

39. A video processor comprising:
a memory to store instructions to perform video
20 processing operations;
a digital signal processor comprising:
a register pair adapted to store two grouped
words comprising in aggregate up to 2n operands, the
register pair including a first register and a second

25 register;
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| oad a first grouped word conprising n operands; |oad a second grolgg@®EeOozth
conprising n 25 operands 21q 30 DEC 2004 determ ne an alignnent state of
-said first and second words; select n operands fromthe 2n operands in the
first and second grouped words in response to the 5 determ ned alignnent
state; output froman operand selector directly to one or nore execution
units an aligned grouped word conprising n operands; load a third grouped
word conprising n 10 operagdS' seLgct n_o erangs_fron1the 2n operands in
the second and third §r5aB5EChoPdsti RPFEEEENEe Pd the deternined al i gnment
state; and output fromthe ogeragg selectog di%ectli.to.15 thelexeiu%ion
units a second aligned groBfpelicword EBRAFASHRg R operdR4BY 8sP hE-1tY
apparatus of claim 84, wherein the instructiogs t hat chs tHe machi ne to
determine the 20 al i gRfeAECSPERe PEREREP GoRBFPsEFRY PCLPBRATERSE FEkuse

t he machine to deterning t he tgp | east significant bité oﬁPonf,of sai d
first and second groupBd #6FG5C §6CURRE HPpIrataSMofaiPaPht8aliferdi n said
first and 25 second grouBed wor ds are ad%ﬁcent words in,a data array. 21r

30 DEC 2004 87. The aPparREHsvorog| afhPes whePEPheFhBaitAsfPct i ons t hat

cause the machine to sel ect .n,operands,
aeterminin an ailgnment state of at least one of

said first and second grouped words in a first
alignment operation; and
load a next one of said plurality of grouped
10 words into one of said first and second registers
in each a plurality of subsequent alignment
operations; and
an operand selector adapted to select n operands from
the two grouped words in said register pair and output an
15 aligned grouped word comprising said n operands in response
to a the control signal indicative of the alignment state
of said two grouped words in each of the first and said
subsequent alignment operations,
wherein in each of the subsequent alignment
20 operations, the control unit loads only one grouped word
from said plurality of grouped words into the register pair
and the operand selector outputs one aligned grouped word

from said register pair.
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further conprise instructions that cause the machine to 5 select n a?"pggm@mg
operands in said first and second grouped words. 88. The apparatus of claim
.84, wherein the instructions that cause the nachine to select n operands lo
further conprise instructions that cause the machine to reverse nultiplex n
oper ands between the second and third grouped words. 89. The apparatus of
claim63, wherein in the 15 subsequent alignnent operations, the operand

sel ector selects said n operands and outputs.said_ aligned grouped word
wi t hout receivin@ga tRat ¥ e%i@ﬁ%Fe??%ﬁ1$ﬁec£%ﬁTr% uﬁ??r?ﬂﬂiEg?ing an

alignnment state of ejthe rouped word in the register,pair.. 20,90. The
Spporarts otSRFrsh, Eatne PP E Rt oL L e aSP Lot 60t B har 058 0!
forward nulti plex operands in the register pair .in the first alignnent
oper at oGP BURE A BONERS 350 b BRBGUENT LEPT gRfdntePef e FONES LA STe 30
DEC 2004 reverse multiplex operands in the register pair in even-nunbered

subsequent alignnent operations. 91. The apparatus of claim63, wherein the
control 5 unit is operatiyve to disable the generation of exceptions _due to
mi sal i grfed acces$li nTRReVifeet PAPFEARRRL ObpetatFonr, 9¥he RNy PAER Bfocessor
of claim 71, wherein in the subsequent alignnment operations, the_operand
sel ector lotBel &&¥stsarauRegpsPafdsSanandudpareedararal Rfebhgr dlpeRdor d
wi t hout receiving a control signal fromthe control unit indicating an

al i gnment s@EPBPBf WPEAeFCRPELUPRASAOPYTI HOERB regi ster pair. 15 93. The

vi deo processor of claim 71, wherein the operand selector is operative to:

42. The video processor of claim 39, wherein n equals

10 4.

43. The video processor of claim 39, wherein said n

operands comprise 8 bit words.

15 44, The video processor of claim 39, wherein said n

operands comprise 16 bit words.

45, A method comprising:
loading a first grouped word comprising n operands;
20 loading a second grouped word comprising n operands;
determining an alignment state of said first and
second words;
selecting n operands from the 2n operands in the first
and second grouped words in response to the determined

25 alignment state;
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forward multiplex operands in the register pair in the first alignr@0tDEC 2004
operation and odd- nunbered subsequent alignnent operations; and 20 reverse
-mul tiplex operands in the register pair in even-nunmbered subsequent

al i gnment operations. 94. The video processor of claim71, wherein the
control unit is operative to disable the generation of 21t 30 DEC 2004
exceptions due to msaligned access in the first alignnment operation. 21u

.A AL. AFe. AR A . : 2. .

e.AAé, CAAY. AL A LA %@%%nﬁg 3 gl&gﬁ’%‘ AF MRS A= NSRRI SR A 06 AAE. A3Y.
A A&3. Al . AS R AR A& ?. A ALY, AL. Ah FHH U " Cl & w

T~ytoj d_YU] ca] caU| ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

1{ \C/(c’ﬂ ;g} g(]a]c g?]c g?(L:J] afl%ag%cgigigc gj]atgj g]q%]ﬁc g;aﬁcog%i e\cda]@a{dc aclj!még']gfcsaj]%cqaa A ca) ca] ¢
a] ca] ca] ca] ca] ca] cal1calaal L3l Ctﬁ:]ectaalrféls$ from ¥he 2n operands in the
5 second and third grouped words in response to the
determined alignment state; and
outputting a second aligned grouped word comprising n

operands.

10 46. The method of claim 45, wherein determining the
alignment state comprises determining the two least

significant bits of one of said first and second grouped

words.

15 47. The method of claim 45, wherein said first and

second grouped words are adjacent words in a data array.

48. The method of claim 47, wherein selecting n
operands comprises selecting n adjacent operands in said

20 first and second grouped words.

49. The method of claim 45, wherein selecting n
operands comprises reverse multiplexing n operands between
the second and third grouped words.

25
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p; qZS{vqgl gb] X] ca] ca] ca] ca]ca] ca] ca]calc al]c 8 0 DEC 2004
a)J ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 6rN
.@ 1| wmhc”Y]]ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]ca]ca]ca]ca]calca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! RS\ hi SA| *»

?z#%$0| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]ca]call ca] ca] calcal]calcalcalcalca! Oirx}~- i

Calcal oa) o oo ch oo o) AU i oo Exfobpe hogh e cefenl el epbopberh ol o,
| cal ea] ca) chf 6o e ba da) ehpchiear ELRaToul Bl bt Er RSP ECTERHER 1 2
ZE#EAZSZ: \MWE‘A% ] ca}/\(lza] /cg /C{’:Ii cg?gé](%;] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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6677R7777+8d8| wmhc”~Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca) ca] ca] ca] ca] ca] cal ca] ca] ca].calca] calcalca]ca! d8889999: E::::3;1;J;1;
o e el R el ARk B B Ehy 2Ly chfBxp o) BarearcaPEAFEdPcal cal ca
ca] ca] ca] ca] ca] ¢ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <>u>>>?;
1?t ?]??@1 ] @%BB%B ]BEXE:B%(%%EF}:{ v]ql g]b] X} ca} ca} ca} ca} ca] ca] ca] ca] ca] ca] ca
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1 109Z&' () - & 10%2&5‘% %&J/é&p(a)r %%%/é’éq im 0/2’ e(-‘f)elnlc%lé figisg 136
102z#10%& (gecond grouped words are adjacent words in a data array.

10
55. The apparatus of claim 54, 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

15 words.

56. The apparatus of claim 52; wherein the
instructions that cause the machine to select n operands
further comprise instructions that cause the machine to

20 reverse multiplex n operands between the second and third

grouped words.

57. The apparatus of claim 30, wherein in the
subsequent alignment operations, the operand selector

25 selects said n operands and outputs said aligned grouped
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58. The apparatus of claim 30, wherein the operand
selector is operative to:
forward multiplex operands in the register pair in the
first alignment operation and odd-numbered subsequent
alignment operations; and
10 reverse multiplex operands in the register pair in

even-numbered subsequent alignment operations.

59. The apparatus of claim 30, wherein the control
unit i1s operative to disable the generation of exceptions

15 due to misaligned access in the first alignment operation.

60. The video processor of claim 39, wherein in the
subsequent alignment operations, the operand selector
selects said n operands and outputs said aligned grouped

20 word without receiving a control signal from the control
unit indicating an alignment state of either grouped word

in the register pair.

61l. The video processor of claim 39, wherein the

25 operand selector is operative to:

214



L0SMUOSEE ()L, 100 (). 30 () S0 (): @NEE () yELONEA () 190 DeC
. .. . 0 ' - 0 ' - ! 0 ' - Z
.109%Z& ()-S, 109Z& ()-1"10%& ()-///"00#1QLdE;: / 105S, 109Z& ()-y@&S
1092Z8&' () - S&9$310%Z& ()-f 109&Z& ()-f109%&Z& ()-S109%&Z& ()- QL1l 22222#2vk’ A 105'
10% & ()- 10Z 10Z 10ZL9109%Z& () -
0&10%&' ()-f0&L0%Z& ()-f.! 109Z& ()-#2A2b2223J3dEK™ A
| 0 ! | 0,
1000 & () G100 &) RO &) Sh SILHABIS s e 16BTBOR 7T @ he
10% & () - Y@¥109 S@B10% & 10% 0% & 4445U5555dEk" A
T05@ 109 & [551 St ABKENL) SEBRFT o0 e 5 - CHITOWEPT oo JuBdeduene
1 10% & 0%&' - 556P666666dE; / 10\
10\ 9810%(2&' #‘Fl&% &O??r?;’é‘s%@/& 815 S0Y10% & ()-1. F#10% & ()- fS, 10% & () -
666677R77 Y/ 10\ @ 1097 &
1092&' () - X@low&r%YeEﬁ% é‘iﬁpg}h@%%?g ip\ 79 +Bagssher, pair in
10\ @ 109%Z&
1092Z& () f 9%%3@/&%(15‘19%%%6@&%???9%%%%1%Wmé%tﬁ%‘?f?t%@@? E::dE/
10\ @, 109Z& () - 9*!10°/<Z&'()-3F(z 10928& ()- S, &
109Z& () - 9&$#109Z& ()-y!109%2Z& ()-m:3;1;;;;;;dYNC 10\ 10Z 10Z

10Zs810%Z& ()-5 0z 10%2& ()- 0!1Q%W $109Z &
.+ ; (<d<<<dEYNC 1%8 %ﬁé@%&é?? p{@A%é ?f_o cf%g% 89, wheregA the
control unit is operative to disable the generation of

exceptions due to misaligned access in the first alignment

10 operation.

63. An apparatus comprising:
a register pair adapted to store two grouped
words comprising in aggregate up to 2n operands, the
15 register pair including a first register and a second
register;
a control unit operative to:
prime the apparatus for aligning a plurality
of grouped words in a data array by loading
20 first and second grouped words from said
plurality of grouped words into the register
pair and determining an alignment state of
at least one of said first and second
grouped words in a first alignment

25 operation; and
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10160 5 an operand selector adapted to select n
operands from the two grouped words in said register
pair and output an aligned grouped word cpmprising
sald n operands in response to the control signal
indicative of the alignment state of said two grouped
10 words in each of the first and said subsequent
alignment operations,
wherein
the operand selector is connected to one or
more execution units such that the aligned
15 group word is output from the operand
selector directly to the execution units,
and
in each of the subsequent alignment
operations, the control unit loads only one
20 grouped word from said plurality of grouped
words into the register pair and the operand
selector outputs one aligned grouped word

from said register pair.

25
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65. The apparatus of claim 63, wherein each of the two
grouped words and the aligned grouped word comprise 32 bit

words.
10 66. The apparatus of claim 63, wherein n equals 4.

67. The apparatus of claim 63, wherein said n operands

comprise 8 bit words.

15 68. The apparatus of claim 63, wherein said n operands

comprise 16 bit words.

69. The apparatus of claim 63, further comprising:
a second register pair adapted to store a
20 second set of two grouped words comprising 2n
operands,
wherein said operand selector is adapted to
select n operands from said second register pair and
output a second aligned grouped word comprising said n

25 operands in response to a control signal indicative of
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second set of two grouped words comprising 2n
operands,
wherein said operand selector is adapted to
select n operands from said second register pair and
10 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.

15 71. A video processor comprising:
a memory to store iﬁstructions to perform video
processing operations;
a digital signal processor comprising:
a register pair adapted to store two grouped
20 words comprising in aggregate up to 2n operands, the
register pair including a first register and a second
register;
a control unit operative to:
prime the apparatus for aligning a plurality

25 of grouped words in a data array by loading
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5 grouped words in a first alignment
operation; and
load a next one of said plurality of grouped
words into one of said first and second
registers in each a plurality of subsequent
10 alignment operations; and
an operand selector adapted to select n
operands from the two grouped words in said register
pair and output an aligned grouped word comprising
said n operands in response to a the control signal
15 indicative of the alignment state of said two grouped
words in each of the first and said subsequent
alignment operations,
wherein
the operand selector is connected to one or
20 more execution units such that the aligned
group word i1s output from the operand
selector directly to the execution units,
and
in each of the subsequent alignment

25 operations, the control unit loads only one
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5
72. The video processor of claim 71, wherein the
control signal comprises the two least significant bits of
a pointer address of one of first and second grouped words.
10 73. The video processor of claim 71, wherein. each of
the first grouped word, second grouped word and the aligned
grouped word comprise 32 bit words.
74. The video processor of claim 71, wherein n equals
15 4.
75. The video processor of claim 71, wherein said n
operands comprise 8 bit words.
20 76. The video processor of claim 71, wherein said n
operands comprise 16 bit words.
77. A method comprising:
loading a first grouped word comprising n
25 operands;
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the first and second grouped words in response to the
determined alignment state;
outputting from an operand selector directly to
one or more execution units an aligned grouped word
10 comprising n operands;
loading a third grouped word comprising n
operands;
selecting n operands from the 2n operands in
the second and third grouped words in response to the
15 determined alignment state; and
outputting from the operand selector directly
to the execution units a second aligned grouped word

comprising n operands.

20 78. The method of claim 77, wherein determining the
alignment state comprises determining the two least
significant bits of one of said first and second grouped

words.
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80. The method of claim 79, wherein selecting n
5 operands comprises selecting n adjacent operands in said

first and second grouped words.

81. The method of claim 77, wherein selecting n
operands comprises reverse multiplexing n operands between

10 the second and third grouped words.

82. The method of claim 77, wherein each of the two
grouped words and the aligned grouped word comprise 32 bit
words.

15
83. The method of claim 77, wherein said n operands

comprise 8 bit words.

84. An apparatus, including instructions residing on a
20 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

25 operands;
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or more execution units an aligned grouped word
comprising n operands;
load a third grouped word comprising n
10 operands;
select n operands from the 2n operands in the
second and third grouped words in response to the
determined alignment state; and
output from the operand selector directly to
15 the execution units a second aligned grouped word

comprising n operands.

85. The apparatus of claim 84, wherein the
instructions that cause the machine to determine the
20 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.

86. The apparatus of claim 84, wherein said first and

25 second grouped words are adjacent words in a data array.
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88. The apparatus of claim 84, wherein the
instructions that cause the machine to select n operands
10 further comprise instructions that cause the machine to
reverse multiplex n operands between the second and third

grouped words.

89. The apparatus of claim 63, wherein in the
15 subsequent alignment operations, the operand selector
selects said n operands and outputs said aligned grouped
word without receiving a control signal from the control
unit indicating an alignment state of either grouped word

in the register pair.

20
90. The apparatus of claim 63, wherein the operand
selector is operative to:
forward multiplex operands in the register pair
in the first alignment operation and odd-numbered
25 subsequent alignment operations; and
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92. The video processor of claim 71, wherein in the
subsequent alignment operations, the operand selector
10 selects said n operands and outputs saild aligned grouped
word without receiving a control signal from the control
unit indicating an alignment state of either grouped word

in the register pair.

15 93. The video processor of claim 71, wherein the
operand selector is operative to:
forward multiplex operands in the register pair
in the first alignment operation and odd-numbered
subsequent alignment operations; and
20 reverse multiplex operands in the register pair

in even-numbered subsequent alignment operations.

94. The video processor of claim 71, wherein the

control unit 1s operative to disable the generation of

21t
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exceptions due to misaligned access in the first alignment

operation.
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