WO 02/ 37266 PCT/ USOL/ 46336 EFFI Cl ENT EMULATI ON DI SPATCH BASED ON
| NSTRUCTI ON W DTH TECHNI CAL FI ELD This invention relates to digital signal

processorwo @mndaggore particularly to controlling nultiplepdmgdoiMedssons
received fromthe enmulation instruction 5 register. BACKGROUND Digital

signal processing is concerned wwth the representation of signals in
digital formand the transformation or processing of such signal

represent at i REEFY EN'!I'.””EM A@Wtbqp AFCH B rESReSing is
a core technol ogy g?r many of _today's |%1 te%t% oC E% uctl:g in fields
such as wirel ess comuni catINS,TRXLC\%I Ng, WIERTPH ti medi a. One reason
for the prevalence of digital signal processing technol ogy has been the 15

devel opnment of | ow cost, pomerfulﬁghﬁ&h§£ gg nal processors (DSPs) that
provi de engi neers the reliable cH i gﬁBility to i nplenent these
products cheaply and efficient|ly. Since the devel opnent of the first DSPs,

DSP architecture andtfesiyieHa aflafaf tte tHg daintsidigrle - 1

processors, and more particularly to controlling multiple
instructions received from the emulation instruction

5 register.

BACKGROUND
Digital signal processing is concerned with the
representation of signals in digital form and the
transformation or processing of such signal representation
10 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
15 development of low cost, powerful digital signal processors
(DSPs) that provide engineers the reliable computing
capability to implement these products cheaply and
efficiently. Since the development of the first DSPs, DSP

architecture and design have evolved to the point where



WD 02/ 37266 PCT/ USOL/ 46336 even sophisticated real-tinme processing of

vi deo-rate sequences can be perforned. DSPs are often used for a variety
of nmul ti medba372eppl i cati ons such as digital video, imgi NBCT/ARA/4mB36 0. 5
DSPs can mani pulate the digital signals to create and open such multinedia
files. MPEG 1 (Motion Picture Expert Goup), MPEG 2, MEG 4 and H. 263 are
digital video conpression standards and file formats. These standards

achi eve aeckiegh sbpnaemarcessilonrecbat-eiot bhecdisgihgl ofi gedesi-gagks by storing
nostly changes fromone video frane to another, instead of storing each

entire frage,chhesVideo yenfeFthea . my then be further conpressed using a
nunber of different techniques. is The DSP may be used to perform various

operations on the ydeo Jaf arTal g GuiLnd,ComLEssl 8% (HRsReqgRer at i ons
may include notion search and spatia i nterpo atron a gorithms. "The
primary i nteﬁt.i on.is to asure di sgorti on between bl ocks wi thin adjacent

frames. 28PPhESE GO atihs 3&r E18okFdt d75Ral FPa0nf'dnsPVe dHGiay require

hi gh data t hroughput. The MPEG fanily ‘of standards is evol vi n% to keep
5 DSPs can 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

10 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.

15 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 frames.

20 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



pace with the increasing bandw dth requirenents of -2 WO 02/ 37266

PCT/ USOL/ 46336 nul ti nedia applications and files. Each new version of the
st andar d wo ex&1266 nor e sophi sticated al gorithns that placeCT/@semegiceat er
processi ng requirenents on the DSPs used in MPEG conpliant video
processi ng equi pnent. 5 Video processing equi pnment manufacturers often
rely on application-specific integrated circuits (ASICs) custom zed for

vi deo encadingmedder abipé iMBEGoand aHd2 63 1est. andarts neldowevrari onASIECS har e
conplex to design, costly to produce and less flexible in their

appl i cati gaahhanrdlgreereral HpuepesphDSPs cabESCRIGTLFONhE PRAW NES-Ehese and
ot her features and advantages of the invention wll becone nore apparent

upon readb@@ntBEeaE@E|QWo%Qs@QB%'E%%uQ%%&%h@%'%B and waen reterence to the
15 acconpanying drawings. Figuré 1 i's a bl ock diagram of a nobile video

devi ce uthEélggmsiggg%e%§|OCk gg%ggggn f §ﬂgp%gggdlnent of the present

invention. Figure 2 1S a i'agram gnal “processing 20 system

accogdlng to an enb%%hg%n%r%te%ggn%r%%%g%mgﬁ¥e%%h%%acturers often

rely on application-specific integrated circuits (ASICs)
customized for video encoding under the MPEG and H.263
standards. However, ASICs are complex to design, costly to
produce and less flexible in their application than

10 general-purpose DSPs.

DESCRIPTION OF DRAWINGS

These and other features and advantages of the
invention will become more apparent upon reading the
following detalled description and upon reference to the

15 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

20 system according to an embodiment of the present invention.



-3 WD 02/ 37266 PCT/ US01/46336 Figure 3 is a block diagramof an
alternative signal processing systemaccording to an enbodi nent of the
present iwe@ensi2zecq. Figure 4 illustrates exenplary pipelineChUSges3sf 5 the
processor in Figure 1 according to an enbodi nent of the present invention.
Figure 5 is a block diagramof a enulation system according to one

enbodi nent of the present invention. Figure 6 illustrates the process of

receiving and 10 exeging uld il dOStduddL0s £ raqmatlhueeﬁmﬂl% on
instruction register according to one enbodi nent of the present invention.

DETAI LED RE3GRIP rg}!é:ésgﬂ{cf ﬁyéﬂén&'%&%@gﬁq 'P?P aln ‘Hkﬁo‘%ﬁréje%‘ﬁ G 10 15

i ncl udi ng a“procéssor accordi'ng to an e I nventi on. The

nobi | e vi deq devi ce 10 be a hand-hel d deV|ce whi ch di spl ays vi deo

i mages prgﬁhceéﬁ%f%%ﬁ%ﬂ1 ﬁgoded vi deo signal received froman antenna 105

or adigital video storage nEQ|un1120 %ﬁ%" a digital video disc (DVD) 20
mpt

or a menory card. ArBEssdo f@tl’?ﬁ§e§o ate W?‘ﬁljapec%i'fﬂﬂ? ry 115

whi ch may store instructions and data for
5 the processor in Figure 1 according to an embodiment of the

present invention.
Figure 5 is a block diagram of a emulation system
according to one embodiment of the present invention.
Figure 6 illustrates the process of receiving and
10 executing multiple instructions from the emulation
instruction register 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)
20 or a memory card. A processor 110 may communicate with a
cache memory 115 which may store instructions and data for

the processor operations. The processor 110 may be a



t he processor operations. The processor 110 may be a -4 WD 02/ 37266

PCT/ US01/ 46336 m croprocessor, a digital signal processor (DSP), a

m cropr oce@sws72éontrol ling a slave DSP, or a processor w par/uaen/4sydsr i d

m croprocessor/DSP architecture. For the purposes of this application, the
processor 110 will be 5 referred to hereinafter as a DSP 110. The DSP 110
may perform various operations on the encoded video signal, including, for

exanpl e, anarePriceesdgi,t dl GeARNSisARnademddelscan, (disip)t eni ng, data
recovery, and decoding. The DSP 110 nmay decode the conpressed 10 digital

vi deo si gpal ' f 4 i-0 I0i i de I '
standardsﬁgggﬁﬁggkgﬁggﬁégé-?gﬁ?ﬁ§¥%#Elg?éﬁﬁhgggtaﬁgl?hgrﬁggggggfg% gﬁd. The

decoded vgggﬁggﬂg@a%i%ﬁagﬁgyg%éﬁijﬂ%%uhéﬁgg%eq%%'%ay QQ&V%%elso to produce

the video inmagé on a |"ay hel evi ces general ly have

limted power suppljes., Al so, .video decodi ng operati ar,

comput at | GHERST B STie RELNATIGTY. DopPaoeBest s b dadli Hesuch a
device is advantageously a relatively hi%p speed, | ow power device. 20 The
DSP 110 né&f¢iRareca tdedsinpigiefdismed, @ PSP 110.

The DSP 110 may perform various operations on the
encoded video signal, including, for example, analog-to-
digital conversion, demodulation, filtering, 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 deeply pipelined,
load/store architecture. By employing pipelining, the
performance of the DSP may be enhanced relative to a non-

pipelined DSP. Instead of fetching a first instruction,



| oad/ store architecture. By enploying pipelining, the performance of the
DSP may be enhanced relative to a non- pipelined DSP. Instead of fetching a
first i nsvoowsizeh, -5 WD 02/ 37266 PCT/ USOL/ 46336 execut i POT/URE/f6B36St
instruction, and then fetching a second instruction, a pipelined DSP 110
fetches the second instruction concurrently with execution of the first
instruction, thereby inproving instruction throughput. 5 Further, the clock

cycle of axpipelindednaSkirayx hesshektebn,t haa thah ektannor- Bi Relbaed DSP,
in which the instruction are fetched and executed in the sane cl ock cycle.

Such a DSP e us iA Vi r t cqnf nci ng, PC video
cards, anénﬁ%gﬁg%éfﬁﬁi%igﬁp%gl¥gﬁggﬁgﬁg%@(%%%%??SIEhgd %f?%ﬁ, the DSP 110

may also he. used i connectian w40t et fechnolodies ulikizing digital
signal procéssing such as voice processing usedin mobi 6t | ephony,
speech recognition, and other _.applicatiqgns. 15 Turni now to Figure 2, a
bl ock diaéPgﬁFHF%&onsi Fegﬁb §Pﬁdn§y§Pé§F§661PHchgP ﬁéﬁﬁ'llo
according to _an enbodinent,is shown. One or nore anal og signals nmay be
provided Byriheéxt éhgalclosk cocle §f, capierianedsPDSPomgy be shorter

than that of a non-pipelined DSP, in which the instruction
are fetched and executed in the same clock cycle.

Such a DSP 110 may be used in video camcorders,
teleconferencing, PC video cards, and High-Definition

10 Television (HDTV). 1In addition, the DSP 110 may also be
used in connection with other technologies utilizing
digital signal 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 is

20 configured to 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



signal conditioner 202. Signal conditioner 202 is 20 configured to perform
certain preprocessing functions upon the analog signals. Exenplary

prepr oceddny3f2eccti ons may i nclude m xing several of theCEUS10833 gnal s
together, filtering, anplifying, etc. An analog-to-digital converter -6 WO
02/ 37266 PCT/ US01/ 46336 (ADC) 204 is coupled to receive the preprocessed
anal og signals fromsignal conditioner 202 and to convert the

pr epr ocesg@dCanalodg isi gralpd etco tah gidcalival giad pregnsicetssrgl aofaleanpl es, as
descri bed above. The sanples are taken 5 according to a sanpling rate

det er mi ned ilnatike Mamursa Efal tdwEnraleesixgralsd eceiced dnt singnal
condi tioner 202. The DSP 110 is coupled to receive digital signals at the

output  of, {he RARCAZ0A.a nthe PSR (LA Perd finp dhe degianed ignal ing

transformati on upon the received digital signals, producing 10 one or nore

out put di %ift %Iam hanal s, %e‘%c%itb%'d ta%'o@z%fa.l A3 e %% é%tsi%(}(e[)% 06 is coupled

to receive the outpudt digi signals Tromth AC 206
converts the ouytput digital .signals in out.put. anal signals. The
out pit an&6§TSgalt® %gaft}?el&“%orﬁ?grfeditetoc(‘?réfﬁ&% Ysit a2 8 Eortdi t i oner

208. The signal conditioner 208 perforns post- processing functions upon
t he Outpuﬁhﬁném@éo§i@ﬁ§m§is received by signal conditioner 202. The

DSP 110 is coupled to receive digital signals at the output
of the ADC 204. The DSP 110 performs the desired signal
transformation upon the received digital signals, producing
10 one or more output digital signals. A digital-to-analog
converter (DAC) 206 is 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 embodiments of the signal conditioners 202 and 208,
20 the ADC 204, and the DAC 206 are well known. Any suitable
embodiment of these devices may be coupled into a signal

processing system 200 with the DSP 110.



Exenpl ary post-processing functions are simlar to the preprocessing
functions listed above. It is noted that various enbodi nents of the signal
condi ti ove® 82/2086 and 208, 20 the ADC 204, and t he DAC 206rar/@sawicBick nown.
Any suitable enbodinent of these devices may be coupled into a signal
processi ng system 200 with the DSP 110. -7 WD 02/ 37266 PCT/ USOLl/ 46336
Turning next to Figure 3, a signal processing system 300 according to

anot her enbodi ment ITimshown.ndxt Hdhik ereodi,mentsigmadi gidclegsderj ver 302
may receive one or nore digital signals and to convey the received digital

5 signal s gt@ tidie 3B9P abkdr AhigMid A HRVH QAN IMeTOWS ighowr Que 2, DSP

110 perforns the desired signal transformation upon the received digital

si gnal s t%&rg%&mo%dﬁ{é%tqr dTR{i€y ;AU 1PWle 18 al3 09 R} S-o SOUR] GG Q.1 ECEI Ve

the output digital signals is a digital signal transmtter 304. 10 In one

exenpl ary_appl i cat.i.on, t.he signal. processin stem_ .300, is a.di.gital audio
devi ce | nm\%iecrﬁtgﬁé:a i gsijtgé'}airsgcaélldvgcro C?S%eé'gr?\%ygetcgltvﬁéj * ft} digital
signals indicativ data stored on the st orage devi ce 120. The

ool 10 | Een s chs e Hil ¢ he tte e s R B Pesct & i o

out put di%ital signals to the digital transmtter
igure 2, DSP 110 performs the desired signal

transformation upon the received digital signals to produce
one or more output digital signals. Coupled to receive the
output digital signals is a digital signal transmitter 304.

10 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

15 resulting output digital signals to the digital transmitter
304. The digital transmitter 304 then causes wvalues of the
output digital signals to be transmitted to the display
driver 130 to produce a video image on the display 125.

The pipeline illustrated in Figure 4 includes

20 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

one clock cycle and then operated on and executed in the



304. The digital transmtter 304 then causes values of the output digital
signals to be transmtted to the display driver 130 to produce a video

i mge onwa@exstizepl ay 125. The pipeline illustrated in Fi geerUdot/4ssicudes 20
ei ght stages, which may include instruction fetch 402-403, decode 404,
address cal cul ati on 405, execution 406-408, and wite-back 409 stages. An
instruction i may be fetched in one clock cycle and then operated on and

execut ed il gleh@ neB 1 WO Rs3RR6 tPCH/JRO L AG 336 c Rickelrehe 1k w¥hsequent cl ock

cycles concurrently with the fetching of new instructions, e.g., i+1 and
i +2. Pi peldping iRy, d RPduee 244 Hnanals ¢oor dijnatian ; ,probl ems and hazards

to processor perfornmance. Junps in 5 the %ﬁogranl ow nmay create enpty

slots, or "bubbles, " .in..the %F cause a,conditional
ep

el i.ne. Situations.which
branch to be taken ¢Fan ex %%ﬂ%é%xé%f%ﬁfﬁbl%ﬁgnﬁé GEREFAPEE Pay al ter

the sequential flow of .instructions. After such an occurrence, .an new
instructi Qﬁo%mﬁe af“é{ HREFTEIT SiUETECeESOT RETLEFTERECRal T8RS | ow,
maki ng the remaining instructions in the pipeline irrelevant. Methods such
as data FOPWREGIIFGT Hrlent Mapt EdicciticosMPaNd sded6ei &L N§Wpllied , "bills wi t h
instruction addresses in the pipeline may be

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
an occurrence, an new instruction may be fetched outside of

10 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
employed to deal with these complexities.

15 Figure 5 is a block diagram illustrating an
emulation system 500 according to one embodiment of the
present invention. The emulation system 500 includes the
connection of an in-circuit-emulator (ICE) 502 to the DSP 110
through a JTAG (Joint Test Action Group) system 504. In-

20 circuit-emulation is a system which includes a peripheral
device referred to as an in-circuilt-emulator (ICE) 502 that
is embedded within a target processor system which is

implicitly aware of the target processor's coperations and



enpl oyed to deal with these conplexities. 15 Figure 5 is a bl ock di agram
illustrating an emnulation system 500 according to one enbodi nent of the
present iweensizecq. The emul ati on system 500 i ncl udes the PCDUR@GtBIIN of an
in-circuit-emulator (1CE) 502 to the DSP 110 through a JTAG (Joint Test
Action Group) system504. In 20 circuit-enulation is a system which

i ncludes a peripheral device referred to as an in-circuit-emulator (1CE)
502 that cies grbedddd wetdli-time drgete pndoessdi osy Stoemnshicnts tirsictinp@ i citly
aware of the target processor's operations and -9 WO 02/ 37266

PCT/ USOL/ 46336 s seah cgeieitdicn riedlant igi® drinade hiodfoleimilia@bf.0r Thecarmst r uct i ng
processor execution in an external host emulator. The ICE 502 may control

the procesgor raRd JRAIAAr @nRd grdidis rhans e tofr bhel hedishersaM thin the
processor. An | 502 5 may include its own | CE bus, separaté from norm

data, addiess Qfr ¢t nly;huysses ufi%ﬁl’l% Qe E;%P%%%%%ﬁsﬁor AnRer aled

circuit, so as not to interfere with proces behavior while the | CE 502
generates_trace i.nfor i on,

dich £ 10" BEVIaBAN o Hariiard Ve oS HEER 6T T26 W8 te S apment  usi ng
a JTAG system 504 as defined by the standard specified _
address or control busses found on the processor integrated
circuit, so as not to interfere with processor behavior
while the ICE 502 generates trace information.
Emulation may be performed during procedures such
10 as debugging, hardware development, or software development
using a JTAG system 504 as defined by the standard specified
by IEEE 1149.1. Instructions that are to be executed
during emulation may be scanned in from the JTAG system 504
to the emulation instruction register (EMUIR) 505. The
15 instructions may be scanned serially from the ICE 500 to
the JTAG system 504. After the JTAG system 504 is loaded
from the ICE 500, the JTAG system 504 loads either of the
instruction registers 515, 520 in the EMIUR 505 in
parallel. For example, a first 64-bit instruction may be
20 loaded from the ICE 500 to the first instruction regiéter
515 and a second 64-bit instruction may be loaded from the

ICE 500 to the second instruction register 520. Of course,

each of the 64-bit instructions may include a single

_10_



by I EEE 1149.1. Instructions that are to be executed during enulation may
be scanned in fromthe JTAG system 504 to the emulation instruction

regi ster Wa&MBRp6 505. The 15 instructions nmay be scanned BeT/wabl46336r om t he
|CE 500 to the JTAG system 504. After the JTAG system 504 is |oaded from
the I CE 500, the JTAG system 504 | oads either of the instruction registers
515, 520 in the EMUR 505 in parallel. For exanple, a first 64-bit

i nstructi anstayidid on20 droaded dradmitvher i G FOhidtd drye f iFat dxasdglect i on
regi ster 515 and a second 64-bit instruction nmay be | oaded fromthe |CE

500 to thehseeansiitnstydtotican Jreginglier mAhddda coMse imachdafidhe 64-bit
instructions may include a single -10 WO 02/ 37266 PCT/ USO1/ 46336

instructigng or @ Rhural ity ofe instryctd;ons, For exanple, the 64-bit
instructions mag? incl'ude a 32-bit instruction and 2 paral l el 16-bit

instructions. The fiJst 64-hit.instructi.on y be loaded 5 serially into
the JTAG system 504 T{hﬁe 6%161”5[%0&4 (]:ofcﬁ élélsé:ﬁdlcr{?lhoél SE o%c? gzﬁabc%setc{i nstruction

may be | oaded serially into _the JTAG system 504 in an additional 64 cl ock
cycl €s.  RGkevdery I TFPAG 4Pt Em B4 % 9% iBIF ST A% st - and

second instruction, the JTAG system 504 may load in
the second 64-bit instruction may be loaded serially into

the JTAG system 504 in an additional 64 clock cycles.
However, after the JTAG system 504 is loaded with the first
and second instruction, the JTAG system 504 may load in

10 parallel the first 64-bit instruction into the first
instruction register 515 in a single clock cycle. The JTAG
system 504 may also load in parallel the second 64-bit
instruction into the second instruction register 520 in a
single clock cycle. The first instruction and the second

15 instruction also remain in the JTAG system 504 so they may
be re-loaded into the EMUIR 505 if necessary.

After the instructions are loaded into the

instruction registers 515, 520, the JTAG system may enter a
run—-test idle (RTI) state to tell the instructions to go

20 down the pipeline. After entering the RTI state, the first
instruction goes down the pipeline to write-back, and then
the second instruction goes down the pipeline to write-

back. After the second instruction reaches write-back, the

_11_.



10 parallel the first 64-bit instruction into the first instruction
register 515 in a single clock cycle. The JTAG system 504 may also load in
paral | el whe2/3reéond 64-bit instruction into the second i PETNUSECH4663%
register 520 in a single clock cycle. The first instruction and the second
15 instruction also remain in the JTAG system 504 so they may be re-|oaded
into the EMJUR 505 if necessary. After the instructions are |oaded into the
i nstruct i oTAGegiysttets 5BU5 waia(, fidre thEAGesytstiemtneny-téminer £ rolwe- tT€st i dl e
(RTI) state to tell the instructions to go 20 down the pipeline. After

entering the RE tef alepedthaHd fSirst AsistieidtaRpngees ttews ddaadpi peline to
write-back, and then the second instruction goes down the pipeline to

write- baghsiAlien dihe $eeand dmitiveld e HeRChes dMd ebatioaldag - 11 VO
02/ 37266 PCT/US01/46336 JTAG system 504 waits for the next instruction. |f

the 1 CE 9024 3o JuARedl, dih st LS UGLIOR0te Lhesa6000d sty uct i on,

the instructions do not 0 be réloade into th tem 504.

Trus, e JTAG Systom ey Load £ e ot ong o pacall o i th

nstructighy Wagh 408 igid AP AT A 00 e the
When the first or second instructions are repeated, the
clock cycles necessary to load the instructions into the
JTAG system 504 are saved.

10 The RTI state allows certain operations to occur
depending on the current instruction. Entering the RTI
state consumes a clock cycle, and thus, slows down the
emulation of the DSP 110. By allowing the emulation
instruction register 505 to provide multiple instructions

15 in a single cycle, the DSP 110 may not need an RTI after
every instruction is executed, thus saving time.

The emulation system 500 according to one
embodiment of the present invention also includes emulation
control logic 522, a state machine 523, a multiplexer 525,

20 a register 527, and a decoder 530. The emulation control

logic 522 includes the state machine 523 and provides

control signals to the instruction registers 515, 520, the

multiplexers 525, and the register 527. The control

_12_



cl ock cycles necessary to load the instructions into the JTAG system 504
are saved. 10 The RTI state allows certain operations to occur depending
on the cweoens72shistructi on. Entering the RTI state consuP€pUS0IE4663K cycl e,
and thus, slows down the enulation of the DSP 110. By allow ng the

enmul ation instruction register 505 to provide nultiple instructions 15 in
a single cycle, the DSP 110 nmay not need an RTI after every instruction is
execut ed, stilus lsavirmgn tihe.emfe e atoinar oSy Stoemdb b nacedrdithg tFd cane
enbodi nent of the present invention also includes enulation control |ogic

522, a st affe tRChimMe BRdi chaild iHeeXRheadDe 4@ 3 1NQGHTEEP3AH and a
decoder 530. The enul ation control logic 522 includes the state machi ne

523 and pryQygdes 4 conty SISttt he st yctisen regi 1 15, 520,
t he rrulti%\gexers 525, arllqcfst he reé[feste'r 557 u‘hceélttc:lg%t rlo%t?‘%eft%%oz/ 37266

PCT/ US01/ 46336 tesi g_nsal S 11;12qu@ the enul ati.on contr %I r: q_i c c?lgtc ols the flow

of the instrdétions S § tife pllptellinnse rc'lilsm_’lllc>lrlusrtergz:iL e @i’gﬁ” In one

enmbodi nent,, the enul at.i on _.instructio register is a 128-bit instruction
regi ster S3PGLUANSCR ®i9rAlddes of St YIS TS HO8r HEISSEESi SN egi sters

such
as the 64-bit first and second instruction registers 515,

520. Typically, the instruction registers 515, 520 may
supply one instruction at a time, with the instruction
being up to 64-bits in length. Howe?er, according to one
10 embodiment of the present invention, multiple instructions
may be supplied simultaneously from the 64-bit instruction
registers 515, 520. As shown in Figure 5, the first
instruction 515 and the second instruction 520 may‘be
loaded in the 64-bit instruction register. Of course, the
15 size of the first instruction 515 and the second
instruction 520 must not exceed 64-bits. Thus, the first
instruction 515 may be a 32-bit instruction and the second
instruction 520 may be a 32-bit instruction. The first and
second instructions 515, 520 may also be 1l6-bit or other
20 size, provided the combined size of the instructions fit
into the 64-bit instruction register 510.
The emulation instruction register 505 provides

the contents of the instruction registers 515, 520 to the
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as the 64-bit first and second instruction registers 515, 520. Typically,
the instruction registers 515, 520 nay supply one instruction at a tine,
with thew@asts1zeéi on being up to 64-bits in | ength. HowereT/US@ewmassdi ng to
one 10 enbodi nent of the present invention, nultiple instructions nay be
supplied simultaneously fromthe 64-bit instruction registers 515, 520. As
shown in Figure 5, the first instruction 515 and the second instruction
520 may bewlkaadecern Sdte 64dvidusenshaldstructgiost efegi@teaqurss, the 15
size of the first instruction 515 and the second instruction 520 nust not

exceed 64gbiot guayThidsit dike of ig18tra1iiRSE IHCHIQR B3 iR, Pe R JrRidtion
instruction and the second "instruction 520 may be a 32-bit instruction.

The first e j j , Olﬂﬁx e .16-hit .ar her 20
si ze, pro&?&ggo?hg%%gﬁkgﬁgé%gbégﬁﬁ¥§%ﬁét?%%truct?%ﬁgﬂ%tég%%%ﬂgﬁ(%£%4-bit
instruction reqist 51Q. The l.atiaon instruction r.eqi ster 505 provides
the cont eRESar “thd HORS (R (1B T gPs LOEE TR L 08y GG SRS 203 WA/ 37266
PCT/ US01/ 46336  .nmul ti pl exer 525. Because the instructjon registers 515,
520 nfay c&AMERR IQTPICRHRAEAYY 1G94 td2udicdnsie st HE JiuldaSicaiPeCo @Y | ogi ¢
522 may control the flow of the instructions

to supply the instructions to the decoder 530. The state

machine 523 may determine if multiple instructions are
present, and whether the instructions are valid. The state
machine 523 may then provides these instructions to the
10 decoder 530 via the register. This may provide the
instructions to the decoder 530 while reducing the
disruption to the decoder 530.
The present invention is described using a 64-bit
instruction register providing multiple instructions of 32-
15 bits or smaller. Of course, the invention may be
accomplished on any size instruction register (N-bit)
providing multiple instructions of (N/2)-bits or smaller.
The process 600 for processing instructions by
the emulation control logic 522 is shown in Figure 6. The
20 process 600 begins at a start block 605. Proceeding to
block 610, the process 600 waits for an RTI to begin the
flow of instructions. The RTI may come from the JTAG

system 504. Proceeding to block 615, the process
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received fromthe enulation instruction register 505. The 5 enul ation
control logic 522 includes |ogic described below to supply the

i nstruct ivome2/8126¢ he decoder 530. The state machi ne 523 npgT/AstIRGRINE | |
mul tiple instructions are present, and whether the instructions are valid.
The state rmachine 523 may then provides these instructions to the 10
decoder 530 via the register. This may provide the instructions to the
decoder 53twhinlimasedicitng:d han Riisriuptdaredted.he Meerd®T53¢ The present
invention is described using a 64-bit instruction register providing

mul tiple idRsldtEd, 0ntheOfprdzesks dUd et |Blon Ot HOWES &k idant i on
may be acconplished on any size instruction register (N-bit) providing
mul ti pl e iRSEIued Q% Ao (N33 -t S sl | ae JThe U 0GeRs 60 far
processing instructions by the enmulation contro Fioglc 522 1s shown in
Figure 6. .The, .20 .process .600Q begi-ns, at st.art block 605. Proceeding to
bl ock 610,lnt %éllpsr olc?é) S qvvé_’llnt gﬁi‘lgrlsarg%ﬁcqeé'begi n the flow of

i nstructions. The RTI nmay co fromthe JTAG system 504. Proceeding to

bl ock® 615, the pr oc&e?u-%%‘}% /bgﬂcé% BSr/ 9866 #6336 L det SetisrdSdnhet her

an RTI is detected. If no RTI .is
the process proceeds along the YES branch to block 620. 1In

block 620, the validity of the first instruction is
determined. An instruction may include a corresponding set
of width bits defining the validity and size of the

10 instruction. In one embodiment of the invention, the width
bits are a 2-bit signal. With a 2-bit signal, there are 4
possible values for the 2-bit width signal. For example,
width bits of 00 indicates the instruction is invalid,
width bits of 01 indicates a 16-bit instruction, width bits

15 of 10 indicates a 32-bit instruction, and width bits of 11
indicates a 64-bit instruction. By reading the width bits,
the DSP 110 may determine both the wvalidity and size of the
instruction.

If the instruction is wvalid, the process 600

20 proceeds along the YES branch to block 625. 1In block 625,
the first instruction flows down the pipeline until write-
back for execution by the decoder 530. Following execution

of the first instruction, the process 600 proceeds to block
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detected, the process 600 proceeds along the NO branch back to block 610
to wait for the RTI. The process 600 remains in this loop until an RTI is
det ect ed WO 0RER266 ni ng to bl ock 615, once an RTI is detectPdT/USUIM®3Ir OCceSS
proceeds along the YES branch to block 620. In block 620, the validity of
the first instruction is determned. An instruction may include a
corresponding set of wdth bits defining the validity and size of the 10
i nstructi @30.l n Rere renibaditrent] cafk tde® ,i dvfentheodnsthecwidinh iits are a
2-bit signal. Wth a 2-bit signal, there are 4 possible values for the

2-bit wi dtihvei19m! 0K Y €600 Wrdde it $10h @ Hendice 385 dhhe o

instruction is invalid, wdth bits of 01 indicates a 16-bit instruction,

Wi dth bi t $7ic%.0f6380 | ndi AL LS 131325, bi (tng;stiqlléct&iu%&Pﬁ%gﬁay %tﬂ},obiéﬁérg%fllll

indicates a 64-bit instruction. By reading the w t he 0 may

determ ne th.t val.i di ty d si of ; t. i.nstruyctio f the
instructig%%ignﬁa%wéﬁhfﬁégﬁ}g%%é%“é%ﬁxibggﬁggéggs g&bﬁg%¥ﬁé YES branch to

bl ock 625., In block 625, . the first instruction flow down the pipeline
until® wri tlél-Stlfélcc%eré’r l&gced-‘ﬁc&?({ly e BEEEETEr %§§O.malyolﬂr8\ﬂeﬁ& execution of

the first instruction, the process 600 proceeds to block -15
without the NOP being processed in the pipeline.

Therefore, the second instruction may be processed
immediately.
In block 630, the second instruction is received

10 by the DSP 110. Because the first and second instructions
are stored in the emulation instruction register at the
same time, the second instruction may be retrieved without
having to enter another RTI state. The DSP 110 may have
previously determined the size of the first instruction

15 using the width bits. Based upon the size of the first
instruction, the DSP 110 may determine the location in the
emulation instruction register of the beginning of the
second instruction. For example, if the first instruction
was a 32-bit instruction, the DSP 110 may find the first

20 bit of the second instruction at the 33" bit of the
emulation instruction register. The width bits of the
second instruction may also provide information on how many

bits to retrieve from the emulation instruction register.
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WO 02/ 37266 PCT/ US01/ 46336 630. Returning to block 620, if the instruction
is invalid, the process 600 proceeds along the NO branch to block 630. A
no- oper atw@n2/§78&F) i nstructi on may al so cause the instruPCT/OR4B3i%e
declared invalid. If a NOP 5 instruction is detected, the process 600 may
proceed wthout the NOP being processed in the pipeline. Therefore, the
second instruction may be processed immediately. In block 630, the second

i nstructi ahuss feeeDsad 1110 rayy e aBSR 110 reBegawse thhe sfkddosid and second
instructions are stored in the enulation instruction register at the sane

tine, the is@eeondtidst 4G OhITRNAG tidh! 1eked uittiRoUt-c aVAg to enter
anot her RTI state. The DSP 110 nay have previously det'erm ned the size of

the first Ciog%tari&lﬁtnigoghigsll%gl%%é; %gy\gl dth Ritis, Based upon the size of the

first instruction, etermne the location in the

enul ation instructiqn register of . the.beginni of .t.the second instruction.
For exanple, if the R ES qslﬁlsgt rtlfctbltléyﬁk %gg’atg‘%- Efiatlli%r%tyr %tfC , the DSP
110 may find the first 20 bit of the second instructign at the 33rd bit of
the Temul &EFORY ASSHEFOGTIRTY dgi SEECT™EREMWI dfRSpiVed 168 tWhet $8cond

instruction may al so provide informtion on how man%
second instruction may also be determined by examination of

the width bits as described above. If the instruction is
valid, the process 600 proceeds along the YES branch to
block 635. 1In block 635, the second instruction flows down

10 the pipeline until write-back for execution by the decoder
530. Following execution of the second instruction, the
process 600 proceeds to block 640. Returning to block 630,
if the instruction is invalid, the process 600 proceeds
along the NO branch to block 640.

15 In block 640, the process 600 determines whether
the DSP 110 should exit the emulation mode. The
determination to exit the emulation mode may be provided by
the emulation control logic 522. 1If further emulation is
indicated, the process proceeds along the NO branch back to

20 block 610 to wait for the next RTI. Returning to block
640, if the emulation control logic 522 provides
instructions to exit the emulation mode, the process 600

proceeds along the YES branch to an end block 645.
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bits to retrieve fromthe enulation instruction register. -16 WO 02/ 37266
PCT/ US01/ 46336 Thus, the DSP 110 may be able to retrieve the second

i nstruct ivomot/saee t he enul ation instruction register contBCHURQU@3P urality
of instructions. Proceeding to block 630, the validity of the 5 second
instruction is determned. The validity of the second instruction may al so
be determ ned by exam nation of the width bits as described above. |If the
instruction is val iNimdteprooess 600G pmet eeds fAlong die ESHy anch to

bl ock 635. In block 635, the second instruction flows down io the pipeline

until wri tieriaek Jrofwiexeld ok heddia Yegrdalentb3Q thldOwing 1exeGuy i on of
the second instruction, the process 600 proceeds to block 640. Returning

to bl ock 3@ A, tf)@:d&gr L OHS i CESS ceeds
al ong the NO l?r anch to olcdlfacé,io 151I n blﬂ&gjlgtért%,q{eﬁe pr Oag%gstL 00

determ nes, 0 at| on rmd

determ natl onq{ %%exﬁ"tﬂl% r&ﬁlqil?%no rJrCD artlb(—:'q provi d‘etd'S 5 te Oerrml ation
cont roI C | f further, emulation is indicated, the process proceeds
al ong’ the %éeﬁlr&r‘?é‘n Pt e“rﬁ Sck 610 to wait for the next RII.

Returning to bl ock
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640, if the emulation control logic 522 provides instructions to exit the
emul ati on node, the process 600 proceeds along the YES branch to an end

bl ock 6430023720 02/ 37266 PCT/ USOL/ 46336 Numer ous var i aPCOOS01a6636

nodi fications of the invention will becone readily apparent to those
skilled in the art. Accordingly, the invention may be enbodied in other
specific fornms without departing fromits spirit or 5 essential

char act er walATC IS CIAMBRIOAS37266 PCT/ US01/ 46336 WHAT IS CLAIMED IS 1 1. A
met hod of providing instructions to a 2 processor froman enul ati on
instruction register 3 conprising: 4 receiving a plurality of instructions

5 sinultaneously framthe emimid &F igiVikGidPnR HLG&HElonH tdeter mi ning the
validity of a first instruction 7 of the plurality of instructions; 8

pr ovi di ng hhe Sddst A ratfpténgﬂacﬁlotmqrp;w@elto\ﬁ 2 Afstidistructions to a

decoder if the first instructionis io val
3 comprising:
4 receiving a plurality of instructions
5 simultaneously from the emulation instruction register;
6 determining the wvalidity of a first instruction
7 of the plurality of instructions;
8 providing the first instruction of the plurality
9 of instructions to a decoder if the first instruction is
10 valid;
11 determining the validity of a second instruction
12 of the plurality of instructions; and
13 providing the second instruction of the plurality
14 of instructions to the decoder if the second instruction is
15 valid.
1 2. The method of Claim 1, further comprising
2 determining the size of the plurality of instructions.
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11 determning the validity of a second instruction 12 of the plurality of
instructions; and 13 providing the second instruction of the plurality 14
of instrwobysmet o the decoder if the second instruction PET/USGI/463d6i . 1 2.
The nethod of Claim1, further conprising 2 determining the size of the
plurality of instructions. -19 WD 02/37266 PCT/US01/46336 1 3. The net hod
of Caiml, further conprising 2 storing the plurality of instructions in a
single 3 instructiadn redihst erethbdd ofTidd atet Aod fofrtGeal moinp rfiwritker
conprising 2 |loading the second instruction of the plurality of 3

i nst ructi efs rahige i hdetdifaniing U¥e ihiskStudtishisuhi @nsisigl4 invalid. 1 5.
The nmethod of Claiml, further conprising 2 providing the plurality of

i nstructi engthQthedecrdere? during one RTI. 1 6. The nethod of daiml,
further conprising 2 loading the plurality of instructions in parallel into
the 3 enulation instruction register. 1 7. The nethod of Caim1, further

Coqprising 4. The method of Claim 1, further comprising
2 loading the second instruction of the plurality of
3 instructions after determining the first instruction is
4 invalid.
1 5. The method of Claim 1, further comprising
2 providing the plurality of instructions to the decoder
3 during one RTI.
1 6. The method of Claim 1, further comprising
2 loading the plurality of instructions in parallel into the
3 emulation instruction register.
1 7. The method of Claim 1, further comprising
2 providing instructions to a digital signal processor.
o1 8. A method of processing instructions within a
2 processor comprising:
3 loading a plurality of instructions into a single
4 instruction register;
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2 providing instructions to a digital signal processor. 1 8 A nethod of
processing instructions wwthin a 2 processor conprising: 3 |loading a
pluralityw@b2/am2eé ructions into a single 4 instruction reBCBU801/46330 WO

02/ 37266 PCT/ USO1/ 46336 5 receiving an RTl; 6 simultaneously providing the
plurality of 7 instructions to the processor; and 8 processing the
plurality of instructions. 1 9. The nmethod of Claim8, further conprising

2 |soadi ng the pl uraldelogiofingnsty ®ItT;on into an N-bit 3 enulation
instruction register. 1 10. The nethod of Caim@8, further conprising 2
determning the validity of each of the plurality of 3 instructions before
pracessing. 1 11. Thammtdwee @fs1G groviQiidqurthkern1eamaritsi g 2 aborting
the processing of any invalid instructions and 3 | oading a next instruction
of the plyralddytQfons dtH GRS sok ;1%ndlhe method of Caim8, further
conprising 2 loading a next instruction of the plurality of instructions

8 processing the plurality of instructions.

1 9. The method of Claim 8, further comprising
2 loading the plurality of instruction into an N-bit

3 emulation instruction register.

1 10. The method of Claim 8, further comprising
2 determining the validity of each of the plurality of

3 instructions before processing.

1 11. The method of Claim 10, further comprising
2 aborting the processing of any invalid instructions and

3 loading a next instruction of the plurality of

4 instructions.

1 12. The method of Claim 8, further comprising
2 loading a next instruction of the plurality of instructions
3 if a no-operation instruction is loaded.
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3 if a no-operation instruction is |oaded. -21 WD 02/ 37266 PCT/ US01/ 46336

1 13. The nmethod of A aim8, further conprising 2 providing the plurality
of instrwOolwsReé o a digital signal 3 processor. 1 14. APQT/OSEHS636
conprising: 2 an instruction register adapted to store a 3 plurality of
instructions; 4 enmulation control |logic adapted to control the 5 flow of
the plurality of instructions to a processor 6 pipeline follow ng detection
of 1a single RTlI; and37. a TWecoderhashiath Geyinr égeifine tthiee plampadiistiyngpf 8
instructions for processing. 1 15. The processor of Caim 14, wherein the 2
i nstructi erovegiisigerches pEruemiltat ich dmsidudatiions negisstErigitall k.gnHie
processor of Claim 14, wherein the 2 control logic determnes the validity
of 4§ he pl wra)ddasaf. 3 instructions and discards any invalid instructions.
1 17. The processor of Claim 14, wherein the 2 control |ogic |oads a next
instruction immedi ately after 3 detecting a no-operation instruction. -22

1 14. A processor comprising:

2 an instruction register adapted to store a

3 plurality of instructions;

4 emulation control logic adapted to control the
5 flow of the plurality of instructions to a processor

6 pipeline following detection of a single RTI; and

7 a decoder which may receive the plurality of

8 instructions for processing.

1 15. The processor of Claim 14, wherein the

2 instruction register is an emulation instruction register.
1 16. The processor of Claim 14, wherein the

2 control logic determines the validity of the plurality of
3 instructions and discards any invalid instructions.

1 17. The processor of Claim 14, wherein the

2 control logic loads a next instruction immediately after
3 detecting a no-operation instruction.
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WO 02/ 37266 PCT/US01/ 46336 1 18. The processor of Claim14, wherein the 2
processor is a digital signal processor. 1 19. An apparatus, including

i nstruct ivoa82/2726€si di ng on a nmachi ne-readabl e st orage nmedPOMUSIIIG336se i N a
3 machine systemto handle a plurality of instructions, the 4 instructions
causing the machine to: 5 load the plurality of instructions into a single
6 instruction register; 7 receive and RTI; 8 provide the plurality of
instructions to thel8 prlbcessorcessed ¥ pPrledesd 4t hehglredal ithy of
instructions. 1 20. The apparatus of Claim19, wherein the 2 instruction
regi ster pbsosgesemd dlsd @n diRstualctsigmalegirsieissorl 21. The apparat us of
Claim19, wherein the 2 validity of each of the plurality of instructions
is 3 determ ned before processing. -23

1 19. BAn apparatus, including instructions
2 residing on a machine-readable storage medium, for use in a
3 machine system to handle a plurality of instructions, the
4 instructions causing the machine to:
5 load the plurality of instructions into a single
6 instruction register;
7 receive and RTI;
8 provide the plurality of instructions to the
9 processor; and
10 process the plurality of instructions.
1 20. The apparatus of Claim 19, wherein the
2 instruction register is an emulation instruction register.
1 21. The apparatus of Claim 19, wherein the
2 validity of each of the plurality of instructions is
3 determined before processing.
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