2 8 MAR 2005 PCT/ US01/ 30318 VARI ABLE W DTH | NSTRUCTI ON ALl GNIgEgNTARENGE NE
TECHNI CAL FI ELD This invention relates to digital signal processors, and
nore particularly to alignment of instructions of variablg-ydhhss¥dthin a
digital signal processor. BACKGROUND Di gital signal processing 1s concerned
with the representation of signals in digital formand the transformation
or processing of such signal. representation using nunerical conputation.

Digital sign ' ' r =3 high
teahnol ogy- N/ BIEREE B, WLDTEE, TSP RVC TON At Gavteid T
networki ng, and nultinedia. One rea@BNGINREhe preval ence of digital

si gnal processing technol ogy has been the devel opnent of | ow cost,.

powerful digital signal processors (DSPs) that provide engineers the
reliable conputing capability to inplenent these products cheaply and

efficiently. Since the devel opneffefifir | DSPs, DSP architecture and
desi gn have evol ved to the point mhereégﬁ %EE%%G*

This invention relates to digital signal
processors, and more particularly to alignment of
instructions of variable widths within a digital signal

processor.

BACKGROUND

Digital signal processing.is concerned with the
representation of signals in digital form and the
transformation or processing of such signal represéntation
using numerical computation. Digital signal processing is
a core technology for many of today's high technology
products in fields such as wireless communications,
networking, and multimedia. One reason for the prevalence
of digital signal processing technology has been the
development of low cost, powerful digital signal processors
(DSPs) that provide engineers the reliable computing
capability to implement these pfoducts cheaply and
efficiently. Since the development of the first DSPs, DSP

architecture and design have evolved to the point where
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iii Il 111 a 2 8 MAR 2005 PCT/US01/ 30318 even sophisticated regiMRi 208
processi ng of video-rate sequences nmay be perforned. DSPs are often used
for a variety of nultinmedia applications such as digital WaIa®R013648i ng,
and audio. DSPs may mani pul ate the digital signals to create and open

such multinedia files. MPEG 1 (Mdtion Picture Expert G oup), MEG 2,

MPEG 4 and H. 263 are digital video conpression standards and file formats.
These st arefée@dsserhisticatatigheatonpmespronesatiagobft ve dticgitale vi deo
signals by storing nostly changes fromone video frane to another, instead

of storingegaehcestmsip beaperfibmedi.deo i nformation may then be further
conpressed using a nunber of different techniques. The DSP nay be used to

perform various opergéponsre 08rLBR UsEQ0rbRI Qr %&&@%de 139! cﬁsas' on.
These operations may include notion search and spatial |nterp ation

algor'thnsappﬂ1€éfiéﬁyf¥uéﬂt§§tHfalfgltQldeo, imaging, and audio.

DSPs may manipulate the digital signals to create and open
such multimedia files.

MPEG-1 (Motion Picture Expert Group), MPEG-2,
MPEG-4 and H.263 are digital video compression standards
and file formats. These standards achieve a high
compression rate of the digital video signals by storing
mostly changes from one video frame to another, instead of
storing each entire frame. The video information may then
be further compressed using a number of different
techniques.

The DSP may be used to perform various operations
on the video information during compression. These
operations may include motion search and spatial
interpolation algorithms. The primary intention is to
measure distortion between blocks within adjacent fraﬁes.
These operations are computationally intensive and may-
require high data throughput.

The MPEG family of standards is evolving to keep

pace with the increasing bandwidth requirements of



measure distortion between blocks within adjacent frames. Theseg QpRr @by ons
are conputationally intensive and nmay require high data throughput. The
MPEG fam |y of standards is evolving to keep pace with the increasing
bandw dth requirenents of -2 2 8 MAR 2005 PCT/ US01/ 30318 mul ti nedi a
applications and files. Each new version of the standard presents nore
sophi sticated algorithns that place even greater processing requirenents
on the DSPs used in MPEG conpliant video processing equi pnent. Video
processi ng. equi pnent manufacturers often rely on applicatign-specific
integrated circuits (ASICs) custom zed for video encoding Bﬁﬁ@%OVﬂQHNPEG
and H. 263 standards. However, ASICs are conplex to design, costly to
produce and less flexible in their application than general-purpose DSPs.

Sumary o oS LOMEN ORGS0 0 g PR LDVt LG Lhere, L oy ded

nmet hod of “al'igning 1 nstructioi ( ( !
B oae,  cach BIFFRA SRERHIA BTy SPIHLR B F2ybraL SobL Buns SFBat cabAce.
sub-buffer storing a given instruction wdth, with an instruction of
greater th&Verhgi§iakes pProcessing requirements on the DSPs used in

| MPEG compliant video processing equipment.

Video processing.equipment manufacturers often
rely on application-specific integrated circuits (ASICs)
customized for video enéoding under the MPEG and H.263
standards. However, ASICs are complex to design, costly to

produce and less flexible in their application than

general-purpose DSPs.

Summary of the Invention

According to the invention, there is provided a method of
aligning instructions in a processor comprising: storing a
plurality of instructions of different sizes in a plurality
of buffer areas, each buffer area including a plurality of
sub-buffers, each sub-buffer storing a given instruction
width, with an instruction of greater than the given
instruction width stored in more than one sub-buffer;

aligning a first instruction from said buffer areas;



instruction wwdth stored in nore than one sub-buffer; aligning a fir&$
instruction fromsaid buffer areas; 3 2 8 MAR 2005 decoding a P AR, 2005 e
first instruction; selecting at |east one of said plurality of sub-buffers
fromwhich to output said first instruction; during said outputting,
determ ning a beginning of a second instruction from selected ones of the
plurality of sub-buffers based on the size of the first instruction,
decodi ng the size of the second instruction, and determ ning whet her
processing the second instruction will deplete one of said plurality of
buff er areasgcatihidhaseal n shithaef erat ningt whet ben; pebeesshggathe second
instruction will deplete one of said plurality of buffer areas,
instructingdde pne alf teaid phuf{Ert@reasste-recee¥e agddht vANah to
instructions. The nethod may further conprise conparing a nost significant

bit of a PR i I e SetldSod P ur St 21 QUOLEGARLIRL! Of a

pointer to a second sub-buffer to determne processing”bne of the

luralit i nstructi i11. depl et t he buff . The net hod
oy furt hoP SSSRPr UYL DL R B, Y oS we o Lon BraRal  y Of

sub-buffers‘qfior to processing the instructions. 3a
gselected ones of the plurality of sub-buffers based on the

gize of the first instruction, decoding the size of the
second instruction, and determining whether processing the
second instruction will deplete one of said plurality of
buffer areas; and based on said determining whether
processing the second instruction will deplete one of =aid
plurality of buffer areas, instructing the plurality of

buffer areas to receive additional instructions.

The method may further comprise comparing a most
gignificant bit of a pointer to a first sub-buffer to a
most significant bit of a pointer to a second sub-buffer to
determine whether processing one of the plurality of

instructions will deplete any of the buffer areas.

The method may further comprise storing a first instruction
across a plurality of sub-buffers prior to processing the

instructions.
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2 8 MAR 2005 The nethod may further conprise adding the size o§ tﬁ ofigk " St
instruction to a current instruction position to determ ne the beglnnlng
of the second instruction. The nmethod may further conprise aligning ahead a
nunber of cycles equal to a cache |atency. The nethod may further conprise
aligning instructions in a digital signal processor. The method may further
conprise issuing a request to a nenory to reload the plurality of buffer
areas. According to the invention, there is also provided an apparatus,

i ncluding instructions residing on a machi ne- readabl e storage nedium for
use in a machine systemto align instructions in a processor, the
instructions causing the machine to: store a plurality of instructions of
di fferent Sheeseithod playr duirtthesf duwffrersearastdinedadhe bsfferof atlea i ncl udi ng
a plurality of sub-buffers, each sub-buffer storing a given instruction
width, wtiFigigti Aslstutidcdmrofro @ ealrdferithamdteud Man positushi 60 W dt h
stored in nore 3b 2 8 MAR 2005 than one sub-buffer; decode a size of a

first instguebhfine Lo $RIME ULl ARRRS s RIRE Bt h@astioQne of said
plurality of sub-buffers fromwhich to output said first instruction;

during said outputting, determ ne a beginning

The method may further comprise aligning ahead a number of

cycles equal to a cache latency.

The method may further comprise aligning instructions in a

digital signal processor.

The method may further comprise issuing a request to a

memory to reload the plurality of buffer areas.

According to the invention, there is also provided an
apparatus, including instructions residing on a machine-
readable storage medium, for use in a machine system to
align instructions in a processor, the instructions causing
the machine to: store a plurality of instructions of
different sizes in a plurality of buffer areas, each buffer
area including a plurality of sub-buffers, each sub-buffer
storing a given instruction width, with an instruction of

greater than the given instruction width stored in more
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of a second instruction fromselected ones of the plurality. of H@ QQQ ers
based on the size of the first instruction, decode the size o#tf R ond
instruction, and determ ne whether processing the second instruction wll
deplete one of said plurality of buffer areas; and, based on said

determ ni ng whet her processing the second instruction will deplete one of
said plurality of buffer areas, instruct the plurality of buffer areas to
receive additional instructions. In one enbodinment, a nost significant bit

of a pointer to a first sub-buffer is conpared to a nost significant bit

Of _POI Nt GEnd@ GngC8@ndlosBebUl fEEHR HeLELE Be WNeYhEr LRGeSy, one of

t he pIurallty of instructions wl depl ete any of areas. 3c 2 8
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sub-buffers prior to processing
These and of her_ featu vant ages of ' the |nvent|on mnll becone nore

es and
appar ent 9F§¥%ﬁﬁfﬁﬁt$ﬁp Bfg%ﬁfnérﬂ@tHhFSH H@s@PFBPFoﬁa&ﬁdfGE@ﬁ

reference to the acconpanying drawings. Figure 1 is a block diagramof a
nmobi | e vi LRSS B Ut ¢¥¥m%gsél@r@@@BEbt1a€codatﬁgmuceoaebegbn@umgnt of

of a second instruction from selected ones of the plurality
of sub-buffers based on the size of the first instruction,
decode the sgize of the second instruction, and determine
whether processing the second instruction will deplete one
of said plurality of buffer areas; and, based on said
determining whether processing the second instruction will
deplete one of said plurality of buffer areas, instruct the
plurality.of buffer areas to receive additional

instructions.

In one embodiment, a most significant bit of a pointer to a
first sub-buffer is compared to a most significant bit of
pointer to a second sub-buffer to determine whether
processing one of the plurality of instructions will

deplete any of the buffer areas.
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the present invention. Figure 2 is a block diagramof a signa? 8pMARcé¥8i ng
system accordi ng to an enbodi nent of the present invention. 3d 2 S MAR 2005
PCT/ US01/ 30318 Figure 3 is a block diagramof an alternative signal
processi ng system according to an enbodi nent of the present invention.
Figure 4 illustrates exenplary pipeline stages of 5 the processor in
Figure 1 according to an enbodi nent of the present invention. Figure 5 is
a logic diagramof the data flowin an alignnent mux according to one
enbodi nent of the present invention. 10 Figure 6 is a bl ock diagram of an
i nstruction request uni t according to one enbodi nent of the present

i nvention. p &EP QF PTI ON_F gure 1l illustrates a_nobile video device
100 15 |nclud|ng a processsl He¥oPdi AGOr§JaRcERESdAmRRrEH itthe ©fi nvent i on.
The nobil e V|g§o geV|ce 100 may be a hand-held device which displays video
i mages prdﬁﬂ% HETORS aRT LAE bR dPTOFBEE1BEgRRR ABstirued ibnsm an ant enna 105

or a digital

DESCRIPTION OF DRAWINGS

- These and other features and advantages of the
invention will become more apparent upon reading the
following detailed description and upon refefence to the
accompanying drawings. |

Figure 1 is a block diagram of a mobile video
device utilizing a processor according to one embodiment of
the present invention. |

Figure 2 is a block diagram of a signal processing

System according to an embodiment of the Present invention.

3d



vi deo storage nmedium 120, e.g., a digital video disc (DVD) 202@rMAR FBE8OrY
card. A processor 110 communicates with a nenory 115 (which nay be a cache
menory) which may store instructions and data for the pro®€¥di§p1/30318
operations. The -4 2 8 MAR 2005 PCT/ US01/ 30318 processor 110 may be a

m croprocessor, a digital signal processor (DSP), a m croprocessor
controlling a slave_DSP, qr a processor with an hybrid m croprocessor/DSP
architecture. For tRe9BtPpdsés 8f PLRFE SdRgmam h,an ke temadesior 110
will be referred to hereinafter as a DSP 110. The DSP 110 nay perform

vari ous opkgnelopsocasshng emebendaccasdisigqyia an resthediimgntf ovf esteanpl e,
anal og-to- digital conversion, denodul ation, filtering, data recovery, and

decodi ng.pdéeeDEPih¥Bntpndecode t he conpressed 10 digital video signa
according to one of various digital video conpression standards such as

the MPEG fami |y of pstapdands) pashtheesl 8§&n§1§98a§ﬁpeirﬂ?ed & deo

signal nmay then be input to a display driver 13 0 produce the video

I
cuppti o5, A P Hadd? d BB Lt e e T A R, L P

Accor di ngl a prpocessor for use in such a device is advantageously a
reIativeI@X%?§%€ invention.

Figure 5 is a logic diagram of the data flow in an
alignment mux according to one embodiment of the present
invention.

10 Figure 6 is a block diagram of an instruction
request unit according to one embodiment of the present

invention.

DETAILED DESCRIPTION
Figure 1 illustrates a mobile video device 100
15 including a processor according to an embodiment of the
invention. The mobile video device 100 may be a hand-held
device which displays video images produced from an encoded
video signal received from an antenna 105 or a digital
video storage medium 120, e.g., a digital video disc (DVD)
ﬁ. or a memory card. A processor 110 communicates with a
memory 115 (which may be a cache memory) which may store

instructions and data for the processor operations. The



speed, | ow power device. 20 The DSP 110 may have a deeply pi p&Bi WeRy 2005

| oad/ store architecture. By enploying pipelining, the p nce of the
DSP may be enhanced relative to a non- pipelined DSP.Iréﬁégﬁﬂggnfetching a

first instruction, -5 2 8 MAR 2005 PCT/US01/ 30318 executing the first
instruction, and then fetching a second instruction, a pipelined DSP 110

fetches t i K I QNy€ W X ti the first
t o &G 110.n?ntaryg‘BFe Q mEBPS}%}f%@%&ﬁé%’ﬂr O% ghl;g?l}te‘cfé‘iS sggPtQ

i nstruction, thereby inproving instruc er, the clock

oycl o of SEARLNCGRI T LeosbOcL ot (AN LIALO! 0 taneobglned oS

in which e I nstruc A must e execu fre cl ock

cycle. Su a e_us i th video canctorders, teleconferencing,
PC vi deo %%radé%%g’ﬁgs%irgﬁ’}iﬁgf AH>fRALY T e’gogﬁ%ﬁeosﬁo(rH _In addition, the
DSP 110 may .al.so be used_in.connection with other technol ogies utilizing
di gi t al s?%"r%teﬁrt&a%si%&rsﬁéﬁ RUTRRTRR o’gb’s%ﬁfﬁ’ld"?é&lioﬁ' FBBi | e
t el ephony, speech recognition, and other appljications. 15 Turning now to
Fi gufe 2,PEPIRSER dildgMdmloPeareserretd 1R REINRf teFsPEnP2B8P| héP udi ng DSP
110 according to an enbodinment is shown. One or nore anal og signals may be
The DSP 110 may perform various operations on the

encoded video signal, including, for example, analog-to-
digital conversion, demodulatioen, filtéring, data recovery,
and decoding. The DSP 110 may decode the compressed

10 digital video signal according to one of various digital
video compression standards such as the MPEG-family of
standards and the H.263 standard. The decoded video signal
may then be input to a display driver 130 to produce the
video image on a display 125.

15 Hand-held devices generally have limited power
supplies. Also, video decoding operations are
computationally intensive. Accordingly, a processor for
use in such a device is advantageously a relatively high
speed, low power device.

20 The DSP 110 may have a déeply pipelined,
load/store architecture. By employing pipelining, the
performance of the DSP may be enhanced relative to a non-

pipelined DSP. 1Instead of fetching a first instruction,



provi ded by an external source, e.g., antenna 105, to a signa&l8 MaRdig§ oner
202. Signal conditioner 202 nmay 20 perform certain preprocessing functions
upon the anal og signals. Exenplary preprocessing functi onsPCEYSG1/30318de

m xi ng several of the analog signals together, filtering, anplifying, etc.
An anal og-to-digital converter (ADC) 204 -6 2 8 MAR 2005 PCT/ US01/ 30318 may
be coupled to recelve t he preprocessed anal og gnals from si gnal
condi t i onéI¥XePt g F%ﬁc%hv%ttl@ﬁérbﬁébﬁateégddt enafefchiltngales secotidgi t al
“signal s consisting of sanples, as described above. The sanples nay be

t aken accadmitguctbor, 52 gaipel imed aD8P dkl er feheleby thhe seabwde of t he
anal og signals received by signal conditioner 202. The DSP 110 may' be

coupl ed t ArEeLLyElch ddredustgiel ¢ withhexestipubnobrt bge AREs204. The DSP

110 may performthe desired signal transformation upon t he recelved
digital sig u ' S.

digital -toq{z}ﬁéa o%ﬁ)i@gn\%rg?r% %%Pé‘f)gﬁ%lﬁﬁ{épggﬁgk ?anggglﬁ\l;e t he out put
di gi t l,s fromthe DSP 11 DAC 206, conv s_t he put digita
si gna SII?#?%&R?ﬂH ?m§l?c %ﬁéﬁ% e Pebepire §E% m§VgH§I QF% ®hen
conveyed tqQ anot her S|gnal 15 condj ner gnal'condltiqner 208
per f or ns n thaje s |QKPqQMR&9%;%“%%OHSPhel%uVBhFha Bpognsitgnsrdon

must be fetched and executed in the same clock cycle.
Such a DSP 110 may be used with video camcorders,
teleconferencing, PC video cards, and High-Definition

10 Television (HDTV). In addition, the DSP 110 may also be
used in connection with other technologies utilizing
digital s;gnal processing such as voice processing used in
mobile telephony, speech recognition, and other
applications.

15 Turning now to Figure 2, a block diagram of a
signal processing system 200 including DSP 110 according to
an embodiment is shown. One or more analog signals may be
provided by an external source, e.g., antenna 105, to a
signal conditioner 202. Signal conditioner 202 may

20 perform certain preprocessing functions upon the analog
signals. Exemplary preprocessing functions may include
mixing several of the analog signals together, filtering,

amplifying, etc. An analog-to-digital converter (ADC) 204



Exenpl ary post-processing functions are simlar to the preproé@%&%ﬁﬁ&ﬁ
functions listed above. It is noted that wvarious alternati§f§]of t he
signal conditioners 202 and 20 208, the ADC 204, and the DREISFBLABES el |
known. Any suitable arrangenent of these devices nmay be coupled into a
signal processing system 200 with the DSP 110. -7 2 8 MAR 2005

PCT/ US01/ 30318 Turni next to Figure 3, a_signal Qcessi ng . system 300

accordingm?x gﬁo%ﬁgbagﬁbigiﬁgﬁFlys g&ﬁMRr%3¥é§ﬁﬁ%§i {ﬁb%ﬁgﬁgiﬁgita

recei ver 302 nag be_arranged to hg%eive one or nore digital signals and to
I

convey therSM §d&¢dd HeaPNEFgRcs G tHoe G9BFerto thes Riapragessed
enbodi nent shown in Figure 2, DSP 110 may performthe desired signa

t ransf or nanadagupdanels itecediigdtadi giialalssiopiaisttimgpodd seerdres orasor e
output digital signals. Coupled to receive the output digital signals may
be a 10 didgstalibedgadoveralfhs shmplad4 malyn bene adoecenpaleordiapplicat i on, the
signal processing system300 is a digital audio device in which the

di gi tal regRbYehg30ateomersmifedt By PRR L@ ddidralthal goali1sd ndicative of
data stored on fthe digital storage device 120. The DSP 110 t'hen processes

Lo e 9 9118k, 81 QUL AN G°REKSL! KBRS 0 Pihe B 1 Sl s o

be coupled to receive digital signals at the output of the
ADC 204. The DSP 110 may perform the desired signal
transformation upon the received digital signals, producing

10 one or more output digital signals. A digital-to-analog
converter (DAC) 206 may be coupled to receive the output
digital signals from the DSP 110. The DAC 206 converts the
output digital signals into output analog signals. The
output analog signals are then conveyed to another signal

15 conditioner 208. The signal conditioner 208 performs post-
processing functions upon'the output analog signals.
Exemplary post-processing functions are similar to the
preprocessing functions listed above. It is noted that
various alternatives of the signal conditioners 202 and

20 208, the ADC 204, and the DAC 206 are well known. Any

suitable arrangement of these devices may be coupled into a

signal processing system 200 with the DSP 110.



transmtter 304 then causes values of the output digital signgg

transmtted to the display driver 130 to produce a video inage on h@&

di splay 125. 20 The pipeline illustrated in Figure 4 incl uBeT/USRI/AI8

stages, which may include instruction fetch 402-403,

cal cul ati
i nstructi

cycl e and then oper

and i +2.

on 405 execution 406- 408 and wite-back 409 stages. An

decode 404, address

on i §Pfetched in - 8 MAR_ 2005 PCT/.US01/ 30318 one cl ock

FYPeeRnfg AagorAirgdeeanatheror

conditional branch to be taken or an exception or interrupt to be
gener at edred@yvél 686 bhemsequanyiahlf koynal si aslr wet iiisre Al such 10 an

occurrence, a nemllnstructlon may be fetched outside of the sequenti al
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20

desired signal transformation upon the recejwved digital
signals to produce one or more output digital signals.
Coupled to receive the output digital signals may be a
digital signal transmitter 304. In one exemplary
application, the signal processing system 300 is a digital
audio device in which the digital receiver 302 conveys to
the DSP 110 digital signals indicative of data stored on
the digital storage device 120. The DSP 110 then processes
the digital signals and conveys the resulting output
digital signals to the digital transmitter 304. The digital
transmitter 304 then causes values of the output digital
signals to be transmitted to the display driver 130 to
produce a video iﬁage on the display 125.

The pipeline illustrated in Figure 4 includes
eight.stages, which may include instruction fetch 402-403,
decode 404, address calculation 405, execution 406-408, and

write-back 409 stages. An instruction i may be fetched in

EQ1BH Qﬁ&teﬁgcgﬂgﬁr?n3vhé SHPR L mETesiREquent
cl ock cycles concurrently with the fetchlg% of new instructions, e.g.,
ogdedithaits gghown prIcrbI ems and
hazards to processor performance. Junps in the programflow may create
enpty sl otlsis cembbdimént, "ai digihelprpekimer Si0uatayonse gl a
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Figure 5is a logic diagramof the data flow 500 in an alignn@ﬂtMNUmm5
according to one enbodi nent of the present invention. Int gata fl ow
500, instructions are |oaded into the nenory 505. The nendQ§7 BPHE| udes
a 20 plurality of buffers 510, 515 for storing the instructions. 1In one
enbodi nent, the buffers 510, 515 are 64-bit buffers. The first buffer 510

s divided_ ] nt lural it f_smaller 16-bit _buffers 520, ,52 530, and
535 The e8ngt ekt &eLe 8 cRER) REESaEET o) aB1 PEES R SRk 12 Sheni vi dod
into a pluraliix of, smal ler, 16-bit buffers 540, 545, 550, and 555. Each
of the smePiRP-1AB-1F tSHeAFErent 59ho8kscyslesnrereugreptdvpmatdl the of

sel ection nultiplexers 560, 565, 570, and 575. Each of the selection

mul ti pl exefethoey oHewev smsteyst dppscodndet etitloandsét@ct |ine 580 to
sel ect the output of the nultiplexers 560, 565, 570, and 575. The

mul ti pl exers 560, 565 p&rihimgdndySiraebdactpatidiaidfabi toosidgnalivhi ch is
stored in a plurality of flops 585, 587, 590, and 592 for use in the

pi pel s ne. dibghemsi findlisa s 0d&dc b Npt B8 BEUE abbi¥oPhahbaPs F8Rps 587, 590,
and 592 may represent the instruction to be executed in the pipeline. If

ol oL BT BU By LEsSeeoByedhe1 L6 o) oBBRTEY o
the pipeline. Situations which cause a conditional branch
to be taken or an exception or interrupt to be generated
may alter the sequential flow of instructions. After such

10 an occurrence, a new instruction may be fetched outside of
the sequential program flow, making the remaining
instructions in the pipeline irrelevant. Methods such as
data forwarding, branch prediction, and associating valid
bits with instruction addresses in the pipeline may be

15 employed to deal with these complexities.

Figure 5 is a logic diagram of the data flow 500
in an alignment mux according to one embodiment of the
present invention. In the data flow 500, instructions are
loaded into the memory 505. The memory 505 includes a

20 plurality of buffers 510, 515 for storing the instructions.
In one embodiment, the buffers 510, 515 are 64-bit buffers.

The first buffer 510 is divided into a plurality of smaller,

16-bit buffers 520, 525, 530, and 535. The second buffer 515



is contain data. For exanple, a 32-bit instruction may have dagg MAR Rlfe
first flop 585 and the second flop 587 while a 64-bit instruction may have
data in all the flops 585-592. An individual instruction nmPcTHSRIXBaAl |y
split anong the plurality of 16-bit buffers 520-555. For 20 exanple, a
64-bit instruction may begin in the third buffer 530 and end in the sixth

buf f er 545. TH% aILgn t .mux of ure 5 ensures that this instruction is
aiace o

al i gned prfof sitR§Oi & P%Er LhEVi AE BRadiarsf LPTPHE PwEfemsa to
the -10 2 8 MAR 2005 WD 02/ 27473 PCT/US01/ 30318 plurality of nmultiplexers
560- 575 aRd0yh&d3seb88ti Agdt BBS. prBpeh dfit theosmehlletp 16ebit OpstH85s 592.

To reduce the risk of bubbles being inserted in the pipeline, the

al i gnment 580%558| aadsohnéteed 640a plarabitheciesel¥cHH6n dubpslkdrs he
instruction data in the buffers 510, 515 is dispatched to the pipeline. In

one enbodsgeNt 565hesmMBNOEK] §@§ nﬁEa@E 8f CRRAEsHRERE Yon THE1 £L
i nvention i s descri bed usi ng a - I nstructi on regi ster OVI | ng

| st puct | gga 06 c84- Brbs g5 %ruc s, FGOM! B Io Iy endg an Ry be

acconpl i shed’on ahy~srze”ins I on regls

| mvent | onSPLegEs %B?baaﬁép‘#hofaﬁﬂ%?#%ﬁé %ﬁéfglé,%@f’“%‘sf“%orpraer? s
The multiplexers 560, 565, 570, and 575 each outputs a 16-bit
signal which is stored in a plurality of flops 585, 587, 590,
and 592 for use in the pipeline.

10 The signals stored in the plurality of flops 585,
587, 590, and 592 may represent the instruction to be
executed in the pipeline. If the instruction is 1l6-bits or
less, only the first flop 585 may contain data. As the
instruction size increases, more of the flops 585-592 will

15 contain data. For example, a 32-bit instruction may have
data in the first flop 585 and the second flop 587 while a
64-bit instruction may have data in all the flops 585-592.

An individual instruction may be initially split
among the plurality of 16-bit buffers 520-555. For

20 example, a 64-bit instruction may begin in the third buffer
530 and end in the sixth buffer 545. The alignment mux of
Figure 5 ensures that this instruction is aligned prior to

processing in the pipeline by transferring the data to the
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the invention may be scaled to any size to accommpdate any 13 gnMAed050f
buffers. Figure 6 is a block diagramof an instruction request unit 600
accor di ngMOP28A¥3enbodi nent of the present invention. ThECT/BSK3EEI on
request unit 600 rmay | ook ahead several cycles to determ ne when the
buffers 510, 515 will be 20 enptied so the buffers 510, 515 nay be rel oaded
W t hout ag& bgbgles beiﬁg introduced into the pipeline in this particular
embodi menPrUTRETEFpOdi MEAELBLC¥ES | PROTHAD i A rcpre e Lpwitingsddeni | | be
described with a cache Iatenct):/ of 2 cycles. -11 2 8 MAR 2005 PCT/ USO1/ 30318
Thus, thePFRBEFuERt8ntPegaBdttarthes 8 $DoKE Hheado? reyitices theo ensur e

t he buffers,S%O, 515 are continually reloaded. It can be appreciated that
the presentFAvehtP G Legy Peéngseparredainyiemikaling dheariety of cache

| at encies, and the 5 instruction request unit 600 woul d need to | ook ahead

a nunber abigoyehesmak rehsideduaifdins t360,CHUE inAtBRCHeh8ryEBBYr € NO
bubbl es are inserted. O course, the instruction request unit 600 may | ook

ahead | essntbaall heheathet hadengy datd) Arhithee ARG obubbEes may be
inserted into the 10 pipeline. The instruction request unit 600 receives

I nstructi gnsgat 8néd o e RIS 10,1 baeMih®d g3 hEnk NPYhe memory

505 may be a cache memory.

The present invention is described using a 64-bit

instruction register providing instructions of 64-bits or
10 smaller. Of course, the invention may be accomplished on

any size instruction register (N~bit) providing

instructions of (N-bits) or smaller. Further, although the

present invention is described with two buffers 510, 515,

the invention may be scaled to any size to accommodate any
15 number of buffers.

Figure 6 is a block diagram of an instruction
request unit 600 according to one embodiment of the present
invention. The instruction request unit 600 may look ahead
several cycles to determine when the buffers 510, 515 will be

20 emptied so the buffers 510, 515 may be reloaded without any
bubbles being introduced into the pipeline in this particular
embodiment. _The embodiment of the instruction request unit

600 will be described with a cache latency of 2 cycles.
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into an alignment nultiplexer 615. The alignnment multiplexer H8MARaYP0RI i gn
the current instruction data received fromthe 15 buffers 510 ?}5 and

out puts individual instructions parsed fromthe i nst ruct BTN ¥ e data
flowin the alignment nmultiplexer 615 is described above with reference to
" Figure 5. When an individual instruction is received fromthe alignnent

1ol 5 . : . ) : bits.
The w dih SRIFRec i Re R d e ATE RS F ok BRSETB26HERE, Wi e
bi t Lated with.the jnst [ nbodi t, th ,dt h._pit
D e M L Lo 51 7 0 SRR s sl Bl 5 o
current instruction. Wth a 2-bit %égnal, there are 4 possible wdth

val ues. FoF2RxBRPIRRTSFHRIPDI e HENGOPTRAGRE at e A&y 58t P8R i
invalid, width bits of 01 indicates a 16-bit instruction, width bits of 10

i ndi cat es 525G PAVABEr ACTIUEEYaRE et 1BeECHIS 1P Eates a 64- bit
I nstruction. A nultiplexer 628 receives a branch target address and the
currert stanstfestior)ragfuasie unddt 640t vownld peeed iten loek mbebdf fers 510,
515. The multipl exer 628 10 selects either the branch target address or - the
current shameetoof cayktlidwe at dpad30ewhah totthe ddwhecdatencystate or
ensure no bubbles are inserted. Of coufse, fhé instruction_
request unit 600 may look ahead less than the cache latency.
In this embodiment, bubbles may be inserted into the
10 pipeline.
The instruction request unit 600 receives
instruction data from the buffers 510, 515 which are input
into an aiignment multiplexer 615. The alignment multiplexer
615 may align the current instruction data received from the
15 buffers 510, 515 and outputs individual instructions parsed
from the instruction data. The data flow in the alignment
multiplexer 615 is described above with reference to Figure
5. When an individual instruction is received from the
alignment multiplexer 615, the instruction is pre-decoded to
20 generate width bits. The width of the instruction
(cur_width) is decoded in block 620 from width bits

associated with the instruction. In one embodiment, the

width bits are a 2-bit signal indicating the width of the

-12-



the branch target address, which may becorme the current state. STIMARC28pg ent
state is then conbined with the wwdth of the current insé#ﬁg&8ﬁ3gn bl ock
625. By conmbining the 15 current state with the current 3 posi tion
‘of the beginning of the next instruction (nstate) may be determ ned. This
position information is then supplied to a second alignnment nultiplexer

635 to be 4patoh i3k gibotbn ! NGriRaxts | EJ%tllgﬁ L, TFﬁeggsé rkngtruction

position 20 information may al so feed to"t at the next

cl ock cycli Mlpide ekt ghack cygbe. eizg&ﬁpfgﬁ V{Jhd&” U QPSition

beconmes the current i nstruction positi I ornatlon i s updated

posi t1on (0 ce&esﬂﬁcs?e ot e AL RO ST SR gy ot o

determning jf a tran E fromthe, first uffer 510 to t he second buffer
515 has o sTI’?e bb dLBF FERRERPR Uy 3 Ledgdicetes 5

i nput s |nstruct|on data fromthe buffers 510 and 515' The buffers 510
and 515 Ry eithd SERECRIORheARAFYEIED BHES Afd 1515 nddcakey @oftai n new

data. The buffers 510° and 915 mamy contain new data for the next
i nstructi &t flnskgucképhers 510 and 515 have been exhausted. The second 10
alignnent buffer 635 aligns the next instruction in the

A multiplexer 628 receives a branch target

address and the current state (cstate) of the instruction
position in the buffers 510, 515. The multiplexer 628

10 selects either the branch target address or the current

gstate to load the flop 630 with either the current state or

the branch target address, which may become the current
state. Tﬁe current state is then combined with the width
of the current instruction in block 625. By combining the

15 current state with the current width, the position of the
beginning of the next instruction (nstate) may be
determined. This position information is then supplied to
a_second alignment multiplexer 635 to be used in aligning
the next instruction. The next instruction position

20 information may also feed back to the flop 630 at the next
clock cycle. At the next clock cycle, the next instruction
position becomes the current instruction position, and this

information is updated in the flop 630. The next
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same manner as the first alignnent buffer 615 aligns the firstg)g war 2008
I nstruction. The wdth of the next instruction is then pre-decodeé In

bl ock 640 to determine the corresponding w dth bits. ThePGFHEH/IM8or nati on
(next width) is then is supplied to a transition logic in block 645. The
transition |logic determ nes whether either of the buffers 510 and 515 w ||

be enptie C ' foot e ' ruction. .The transition block

645 incIuggggE?%gH%gxggggggggp%gi?f%% %%%#?%%dﬁ%étéﬁ?uﬁﬁﬁﬁﬁﬁzﬁ?ﬁm dth as 20

I nput s. Tﬂﬁggkag?étion. | ock .645 t.hen determ nes based_on he next state
and - I'n

posi tion P U BT WA RT RS 15 RIS AR A 510 and 515
w il be eéhauskﬁgf%fteg the next instruction. For exanple, if the next
state - 1453T8E\RRES6E551PCyP USRA/ 20RARe it te B hdranmeasuteedhe begi nni ng
of the 16-bit buffer 530 and the next instruction width is 64-bits, the
transition bl ock 648hgeferandealignmentanykisiplrsewrblf eceiyesaken from
the 16-bit buffers 530, 535, 540, and 545, 5 thus conpletely enptying the
firsts buf ippussoinFheucdionanata i Hromwltthk Babfemy 3N mendld’signal to the
flop 650 indicating that the first buffer 510 is available to be
r el oaded, Thhi bhfffaysgéhéf atrdaSi®quuaesd cclidesamnay the buffers
510 and 515, or may contain new data. The buffers 510’ and
$15’ may contain new data for the next instruction if the
buffers 510 and 515 have been exhausted. The second
10 alignment buffer 635 aligns the next instruction in the
same manner as the first alignment buffer 615 aligns the first
instruction. The width of the next instruction is then
pre-decoded in block 640 to determine the corresponding
width bits. The width information (next width) is then
15 supplied to a transition logic in block 645.
The transition logic determines whether either of
the buffers 510 and 515 will be emptled after processing of
the next instruction. The transition block 645 includes
the néxt state position and the next instruction width as
20 inputs. The transition block 645 then determines based on
the next state position and instruction width whether

either pf the buffers 510 and 515 will be exhausted after

the next instruction. For example, if the next state
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fill the enpty buffer 510. The transition block 645 may al so d?bw QUPU
whet her a buffer buffer 510, 515 is depleted by conparing_the nos J
significant bits (MSB) of pointers to the buffers 520-555?CTﬂ§P”§95hple,
each of the 16-bit buffers 520-555 may have an associ ated pointer. Because
there are eight 16-bit buffers, 15 three-bit pointers are used to uniquely

identify e : %e . one, odiment,.rée fter .520.ha oi nter
val ue of O 5911% Ité %?chhféé%%gSI‘ﬂ@jea bpe Y et éﬂ@ué: Sf 130%,Dh't ﬁ‘éflg‘%fer 530
has a poi r_value of 010, the ufferdgi?% H_as Qinter value of 011,
t he bufferggﬁoaﬂgst & pbTRt e#n%%%f’%loqn 1 §’t & t?%f‘f%ér?:szoEB% has a poi nter
val ue of 101, the, buf%]gr 55€ Qa& a pointer value qof 110, and the buffer
555 has a PBPRAFLFIQRIRECYE a%n detpyginesadihals thre 1R6EEPELHRR retLl 520, 525,
530, and 535 that conprise the |arger buffer 510 have pointer values in
whi ch - 15 2egtaken 2o pdyg Usolydo g fiers 9o signi PALanen®i $43s "0". Each
of the 16-bit buffers 540, 545, 550, and 555 that conprise the |arger
buf f ers 515thhavecqpleftetky enntasing thie @4 nstte buffersbdhifi That bit is "1".
As stated above, an instruction nmay occupy a 5 plurality of the 16-bit
buf fers 520x&b556itfan kEkaripl @5 aned/l-thent siemst ruetigoalmay begi filom &G fer 525
and end in buffer 540. The pointer value of the buffer 525 at the
begi nni ng bhdicating that the first buffer 510 is available to be

reloaded, which may generate a requires to the memory to

£fill the empty buffer 510.

10 The transition block 645 may also determine whether a buffer
buffer 510, 515 is depleted by comparing the most
significant bits (MSB) of pointers to the buffers 520-555.
For example, each of the 16-bit buffers 520-555 may have an
associated pointer. Because there are eight 16-bit buffers,
15 three-bit pointers are used to uniquely identify each buffer.

In one embodiment, the buffer 520 has a pointer value of 000,

the buffer 525 has a pointer value of 001, the buffer 530 has

a pointer valué of 010, the buffer 535 has a pointer value of

011, the buffer 540 has a pointer value of 100, the buffer
20 545 has a pointer value of 101, the buffer 550 has a pointer

value of 110, and the buffer 555 has a pointer value of 111.

Thus, each of the 16-bit buffers 520, 525, 530, and 535 that

comprise the larger buffer 510 have pointer values in which
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the instruction is 001, and the pointer value of the buffer '54Q gARts end
of the instruction is 100. Thus, the nost 10 significant bit of the buffer
poi nter changes from"0" to "1", thereby indicating a trareTtison3@uom t he
buffer 510 to the buffer 515. By conparing the nost significant bits of
the pointers to the buffers 520-555, the transition between the buffers
510 and 515 may be determined. is In another enbodi nent of the invention,
counters tdee mesdd signidiagatt hétnasbe0”of Eeqghesfsthadietbit opdrEbes
buffers. Each tine a |oad request is nmade, the counter may be increnented.

The count &dOyap48ec 5605655t haabutbaprise eAB! 18dgeBartle yakue of
the counter equals the nunber of 20 buffers, the present invention stops

maki ng reddest pointber 4haes LRewhQHAt BRE ﬁBgth?gﬂgfksgnPr%Pﬁdggaffﬁuing

| oad request to determine if a buffer is availa to accep -16 2 g
mventi on i || becors PEATRLy BoSerchl. LBSFROEEER, PRYGOPRETS. art .
Gopar'ti nPLrERTEEY BE FPE AP B4RcoBRera: Sapas sy orfat | ciemaley me£005
bit instruction may begin in buffer 525 and end in buffer
540. The pointer value of the buffer 525 at the beginning of
the instruction is 001, and the pointer value of the buffer
540 at the end of the instruction is 100. Thus, the most
10 significant bit of the buffer pointer changes from “0” to
“1”, thereby indicating a transition from the buffer 510 to
the buffe; 515. By comparing the most significant bits of
the pointers to the buffers 520-555, the transitioﬁ between
the buffers 510 and 515 may be determined.
15 In another embodimeht of the invention, counters
are used to ménage the number of requests made to load the
buffers. Each time a load request is made, the counter may
be incremented. The counter may decrement when the buffer is
emptied. When the value of the counter equals the number of
20 buffers, the present invention stops making requests.
Therefore,  the counters may be checked prior to issuing a

load request to determine if a buffer is available to accept

data.
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Claims: 1. A nmethod of aligning instructions in a processor CREBPMARI20GS:
storing a plurality of instructions of different sizes in a plurality of .
buffer areas, each buffer area including a plurality of suBCTUS$G1B0318 each
sub-buffer storing a given instruction width, with an instruction of
greater than the given instruction width stored in nore than one sub-
buffer; aligning a first instruction fromsaid buffer areas; decoding a
size of the first |n§PPG€PP§nva§éﬁ§épmﬁg&mdIm&ﬁmfumatﬂmhs%nﬁitﬂewaJ|ty of
sub- buffers fromwhich to output said first instruction; during said

out put t i ngindensisnnaglabbeginanicrgdaifl ya appecendt mms&hwgé(ykjﬂngSEHected
ones of the plurality of sub- buffers based on the size of the first

|nstructlohhedarudlngccbhélﬁgzy,ththnsgﬁQa@nlﬁ§§r%%tb%50&ygbcﬁqernlnlng
whet her processing the second instruction will deplete one of said

plural ity efnbt bebcaceasrond Raeeguen agedsJaLeOLl ng MIBLher, processi ng

the second instruction w |l Fete one

ar easg |nsééggétgg%égﬁ%?%%ég%#éﬁigf buffer areas to receive addlplonal

i nstructions ?ﬁ]l, further conprising conparing a
nost significant bit of a pointer to a first sub-buffer to a
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nost significant bit of a pointer to a second sub-buffer to 18 2 g %ﬁ? ﬁ805
det erm ne whet her processing one of the plurality of instructioa 12
deplete any of the buffer areas. 3. The nmethod of daiml or daim2,
further conprising storing a first instruction across a plurality of
sub-buffers prior to processing the instructions. 4. The nethod of any one
of the preceding Cains, further conprising adding the size of the first
instruct¢Dadim®: a current instruction position to detern ne the beginning
of the second instruction. 5. The method of any one of the preceding
Clainms, further conprising aligning ahead a nunpber of cycles equal to a
cache | atency. 6. AnaeHepRoal ofla8yindelBFtiRet bPREedng BFAFRESOTf urt her
conpri si Agm@di gNhdg instructions in a digital signal processor. 7. The

met hod of any one of the preceding Cainms, further conprising issuing a
request to a nmenory to reload the plurality of buffer areas. 8. An
appar at us, incl udi®gerhRgracpivnelieyidf ngnehract hewhi aé- dédfasentst or age

redium Lo ysg i @ IRehi 0o SysherkcLo pLLgN LOShrHRkEQDS LR, Processor,
the instructions C S ng e nachirné to:
including a plurality of sub-buffers, each sub-buffer storing
a given instruction width, with an instruction of greater than
the given instruction width stored in more than one sub-

buffer;
aligning a first instruction from said buffer areas;
decoding a size of the first instruction;

selecting at least one of said plurality of sub-

buffers from which to output said first instruction;

during said outputting, determining a beginning of a
second instruction from selected ones of the plurality of sub-
buffers based on the size of the first instruction, decoding
the size of the second instruction, and determining whether
processing the second instruction will deplete one of said

plurality of buffer areas; and

based on said determining whether processing the
second instruction will deplete one of said plurality of
buffer areas, instructing the plurality of buffer areas to

receive additional instructions.

2. The method of Claim 1, further comprising comparing
a most significant bit of a pointer to a first sub-buffer to a

most significant bit of a pointer to a second sub-buffer to
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store a plurality of instructions of different sizes in a pluralgtyArojs
buf fer areas, each buffer area including a plurality of sub-buffers, each
sub-buffer storing a given instruction width, with an instruction of
greater than the given instruction width stored in nore than one
sub-buffer; 19 2 8 MAR 2005 decode a size of a first instruction fromsaid
buffer areas; select at |east one of said plurality of sub-buffers from
whi ch t odeté priinsailde f hé Bt proseEdLh 08he dUE | e Spi Araul pitt bENg, determne a
begi nning of a second instruction fromselected ones of the plurality of
sub- buf Fefsrpalstan®dnwiht depéebe #R¥ Pfrthej huffatt pBR2sSdecode the size

of the second instruction, and determ ne whet her processing the second

instruction will deplehecRBg 8F 68hdn P! Yrakifymob, befifeher €8RpraRdngased
on sai d determ ning whet her processing the second instruction wll deplete

one of safedrpharal fiysofingufhetianeasrogasarpturahétyl afakubyboffbutfer

areas to {ggeégg ﬁ??éééﬁﬁgl%#gs%%ggg'ggf.ngz The apparatus of C aim 8,

i
wher ei n B nost ~Si ica a %0|n er'to a first sub-buffer is
conpared to a nost significant bit of pointer to a second sub-buffer to
determ n€. whet herTlpe oneskodgobnenpf ohbeopl thal prgceflingsCiadinsons wil |

further comprising adding the size of the first instruction to
a current instruction position to determine the beginning of

the second instruction.

5. The method of any one of the preceding Claims,
further comprising aligning ahead a number of cycles equal to

a cache latency.

6. The method of any one of the preceding Claims,
further comprising aligning instructions in a digital signal

processor.

7. The method of any one of the preceding Claims,
further comprising issuing a request to a memory to reload the

plurality of buffer areas.

8. An apparatus, including instructions residing on a
machine-readable storage medium, for use in a machine system
to align instructions in a processor, the instructions causing

the machine to:

store a plurality of instructions of different sizes
in a plurality of buffer areas, each buffer area including a
plurality of sub-buffers, each sub-buffer storing a given
instruction width, with an instruction of greater than the

given instruction width stored in more than one sub-buffer;
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deplete any of the buffer areas. 10. The apparatus of Claim8 op w?%(%
wherein a first instruction is stored across a plurality of sub-butfers
prior to processing the instructions. 20

decode a size of a first instruction from said

buffer areas;

gelect at least one of said plurality of sub-buffers

from which to output said first instruction;

during said outputting, determine a beginning of a
second instruction from selected ones of the plurality of sub-
buffers based on the size of the first instruction, decode the
size of the second instruction, and determine whether
processing the second instruction will deplete one of said

plurality of buffer areas; and

based on said determining whether processing the
second instruction will deplete one of said plurality of
buffer areas, instruct the plurality of buffer areas to

receive additional instructions.

9. The apparatus of Claim 8, wherein a most significant
bit of a pointer to a first sub-buffer is compared to a most
significant bit of pointer to a second sub-buffer to determine
whether processing one of the plurality of instructions will

deplete any of the buffer areas.

10. The apparatus of Claim 8 or Claim 9, wherein a first
instruction is stored across a plurality of sub-buffers prior

to processing the instructions.
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