: KLe3e: 7, "N66T' , r, 24 April 2003 MODEM ARCH TECTURE AND METHOD OF DATA
‘I’RANSFER FI ELD OF THE INVENTION 5 The present invention relates to nodem

architecture and a nmethod of data transfer for reducing on-chip Random
Access Menory in mm ' essor of a mpdem BACKGROUND Qi ApHi A09¢ENTI ON
10 Typi cal Modem mwmmmﬂg consist of a Controller, a Datapunp and
hardware circuits y alsp.called the Direct Access Arrangenent (DAA), to
connect to a tel ephone network. The Controller inplenments Error Control,
Dat a Conpression and digital term nal equipnment (DTE) Cornmand/ Response
interface. 15 The Datapunp is arranged to performa Data function which is

usual |y specifie Fﬁ?mﬁg@@gm L TR9rRX N

Rati onal /inter naflm%% ﬂgf*gné ardi sat1on bodi es, %ngP'?gghen)élngF referred
to as a Modul ation function. The specific Datapunp function in operation in
a nodem can o] f Modul ati on functions. The Mdul ati on
functions aﬁggﬁifbﬁh&%@ﬁ{qb&o phases cal |l ed the Handshake phase and

t he Data phase. The Handshake 20 phase pertains usually to protocol

negotiation (like V.B, V.Bbis), channel probing (nmeasurenment of channel
char act er b sThe presenainviengerofelaipsd @niradep trohdesie nasd tas ednd odatmasser &r of

rodem par aeLer s AR RODRLELLAR Gtk b6, HAANKE BIAT 8. i, modem ent er's

the Data ph%l These ‘phases dre usuall'y se y Tnactivity intervals.
25 The Dat apunp function (Mdul ation function in operation)

transm ts/recej f dern. The Datapunp function usually
requires a %gﬁowgg%wgﬁ) to performthe various nunerical
operations required for signal generation and reception. Sone applications

use the DSP power to accommpdate the Controller Function. 1 24 April
2003 DSRObZxwien! Kedear epaciusesitoRiser ¢ EenTolpre p &taapwrap ant kpad sara sucyiy also
optim sed fgiue%“%@ l?iré’c?ep[c%és%&mdén@gt @f&)”QS Kokl BG4 B&%Qﬁ?"l‘ﬂém
performance™ s thé Timtatiron i nposed by aécess tinmes to nenory. isils .
usual |y ci r ConwrelidreichpemaneoZirdi Wgnool; dhitp CRnAMsROMiid digitppleeniznl equigmbasi c
DSP core. ROM bhased sol ytions preclude upgradabilty. 5 Downl oadabl e Modem
archi t ect ur&Tg}éPW%ﬂ&éFﬁoﬁSP&ﬁﬂ#ﬂB?' easy upgradability. This on

15 The Datapump is arranged to perform a Datapump function which is usually specified by one
of the modem standards ratified by national/international standardisation bodies, which is
henceforth referred to as a Modulation function. The specific Datapump function in operation
in a modem can be one of a number of Modulation functons. The Modulation functions are
usually divided into phases called the Handshake phase and the Data phase. The Handshake

20 phase pertains usually to protocol negotiation (like V.8, V.8bis), channel probing
(measurement of channel characteristic), training of modem adaptive elements, an&
communication of modem parameters. Upon completion of the Handshake Phase, the modem

enters the Data phase. These phases are usually separated by inactivity intervals.

[R8]
n

The Datapump function (Modulation tunction in operation) transmits/receives data from a
remote modem. The Datapump function usually requires a Digital Signal Procassor (DSP)
to perform the various numerical operations required for signal generation and reception.

Some applications use the DSP power to accommodate the Controller function.
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chip RAMis expensive conpared to sl ower external nenories |ike SDRAM

%l ash etc. A typical Datapunp function has significant internal nmenory
requirenents. A straightforward inplenentation |eads to an expensive single
chip solution for Downl oadable t"'-'., 10 Modem architectur o8 Agrilizposnpl i es
a Large on-chip RAMrequirenent if all the program code corresponding to

t he Handshake and Data phase of the Mdul ation function were | oaded in
on-chip RAM An alternative is to proyide programcode for the Mdul ation
function in external RAM in | S orderf to tree up on-chip nenory and

m nimse costs for a single chip DSP Figure 1 is an exanple of such an

oo o UEssn Bk SO RAET PR3 80, SHEL GBI, OGP Lo

Modul at i on cperagbisONA BSERkndu i 4XgraatinFie Makiomine péiferfnagad Bise limimué e mpgdse®RAM
2. A slow external nmenory 3 Sﬁ]or,es the program code for the whql e nodem
appl i cat i oRY 24IFFSIEESIQTERLTr nHS (SRRl crcraventeh Py proyisting en-akip RaMRYM  and
i s provided,ag ?Letrfcﬁ% Uhe thQl BOEQoYET SRORT URMHAdAREddst YreclRBP ARG RELOIRY t he
Modul ati on fung Ion used, the programcode for the Datapunp function s

| oaded i rit ®cowiaadridg Medevn 2rchifraressreplyy pr-qiuiprRoiinios ewt uphiadalbioul Bhis on-

funct i on | S pokas S RER o d il B L LR R RN b B ur o

of Figure 1 is that execution of the nodul ation function is slowed, as 25
conpared to an on-chi p DSP RAM ar chi tectfur e, due to the external RAM being
general |y % oR@Hahnda PR fHeGUE ARy SpRifsaRndBA™Rh MEBR Y HE LR She A

external RaMiohdorwarddmARhbhaddi08ads 3o aPBHehdivEkindEnipNYENGh @ bbwhaddble ™

object of the invention to provide an architecture and data transfer nethod "~
to reduce dfedsn gciiapmises qiihis irpdin & largs ca-chBFR WY eimeicamzant {f)allobie pragram code

PAVENT O koD e Wkl Hauod A0 Bl B (BN AU AN AR 1 S L

I NVENTI ON I'n"accor e I nvention a nodem architecture-
i s present ed-onip RAMLO significantly reduces on-chip RAMrequirenents. The
Downl oadabl e architecture proposed subdivides the Mdul ation function into
phases separated by inactivity intervals. The program code segnents

cor r espondi {}gaifefhatiPe G0 BRASRDrAEn YA 6@ Mbasiausl fRasesh fhx@iing HOVRAM

during the inactivity intervals wthout affecting the perfornmance of the
nodem 1155 orderpa et oploarchiponemery gad minifniselrosts dyvehsingla cpipdSReSirgdtiharl of
data transfer_far . i : ] r. Faof i.ng. | i-shi a
or ogr am codsre oL iR hiBeRley B bl PR MR Hn S0, I L

di vi ded i ntigpepfoasethe Dytapurag finetidry Thd grogmahscodarfor thhepqeiftogMadulanete fuinndéridi ng
code segnents, associ ated with each phase; 0 downl oadi ng each _code
Segent Ut o St B g TS TNSE S50 BATiAL AV 2o S GBI SHeTiTg 3 Stores

respecti ve jphiagrafQdeie HetoiRR thd¥emaPplicadon. This slow external memory 3 is usually
20 a FLASH memory, and is provided as a feature for code-version upgradability. Depending_ ¢
on the Modulation function used, the program code for the Datapump function is loaded into
external RAM 2. The memory requirements of this Modulation function code is high because
the entire code corresponding to this function is loaded. A significant problem associated
with the architecture of Figure 1 is that execution of the modulation tunction is slowed, as
25 compared to an on-chip DSP RAM architecture, due to the external RAM being generally

slower and interfacing delays between the DSP chip and the external RAM.



referably, each successively downl oaded segnent overwites a previously
downl oaded segment. 25 In another aspect, there is provided a nmbdem
architecture including: a signal processor with a first nenory; a second
menory external of the signal processor, wherein the second IR RBFiN2003
arranged to hold a program code divided into code segnents, tor executing
phases of a 30 nodul ation function with inactivity intervals therebetween
and the first nenory is configured r, 24 April 2003 -4 to sequentially
recei ve the segnments downl oaded Fromdithe second nmenory to a current
segnent portion or the first menory for executing sane; and an event
arbiter for nonitoring conpletion of each phase and requesting a subsequent
, code segrmemiEdoOFergRwIl/BRdedNi nto the current segment portion, during an
associated 5 interval, for execution thereof. Prefer ably, the signal
processor is a Datapunp and the first nenory is provided as on-chip RAM o f
the Dat apurip .1} BRICEE. BESCRL BT QM doFan T DRAW DRI Ral AU SALLAN Saflr @
fully descrlbeaa) y way o non-? mting exanple only, wth reference to the
acconpanyi ng-chipRiAN sequinemets ¢ha DSPSpdrigulary, 1but sonediustieminta modem whilst
representation of a prior art Mddem Datapunp inplenentation; Figure 2 is a
di agr ammat i BAPEPESEHESPYon of a subdivision of a Mdul ati on Function into
phases; 20 Figure 3 is an exenplary diagramof a single chip DSP

downl oadabl e architecture, in accordance with the invention; and Figure 4
is a detai | EIMHAABYA SHERVENREN chip DSP downl oadabl e architecture of

Fi gure 3. 25 DETAI LED DESCRI PTI ON OF AN EMBODI MENT OF THE | NVENTI ON The
invention utilises a Mdul ation function which is subdivided into different
phases as showoid wiihgtieeotifect Hiethe iphensios ameodswbdichitedresiscpresdnsad whishe i s

? Ergﬁgﬁm |%ﬂp}1§% &e?%&-‘c’:‘ﬁﬁ%‘{(lﬁrgﬁui:?&%ﬁéﬁ esﬁgx\vlv\snlotacg]a%let %’Qt'u&%ltur Brao?agssed

subdivides the Modulanon function into phases separated by inactivity intervals. The program

code segments corresponding to these phases are dynamically downloaded to on-chip RAM

during the inactivity intervals without affecting the performance of the modem.

15 In pardcular, one aspect of the invention provides a method of data transfer for use with a
signal processor, including:
establishing a program cede for execuring a data transfer function, the function being
divided into phases by inactivity intervals, and the program code including code segments
associated with each phase; and
{ 20 downloading each code segment to a memory of the processor prior to commencement

of the respective phase for execution thereof.

Preferably, each successively downloaded segment overwrites a previously downloaded
segment.
25
[n another aspect, there is provided a modem architecture including:
a signal processor with a first memory;
a second memory external of the signal processor, wherein the second memory s
arranged to hold a program code divided into code segments, tor executing phases of a

30 modulation funcuon with inactivity intervals therebetween and the first memory is contigured



24 April 2003 -5 through. The arrowheads 5 indicate the start of the
Inactivity interval. The program code for executing each phase is |ikew se
separated into code segnents (not shown), associated with each respective
phase. The code segnments are downl oaded dynami cal ly dependig%kﬁgifiﬁqa
current phase of the Mdul ation function, to a DSP on-chip F a Modem 5
Figure 3 illustrates the proposed single chip DSP Downl oadabl e Modem
architecture. It consists of a DSP with on-chip program RAM 6. The
different program segnents which are tp be downl oaded into the on-chip RAM
are stored in the slow external second nenory 7. 10 Figure 4 presents a
detail ed view of the proposed Downl oadabl e Modem architecture. A Bootl| oader
13 which is resj [ - §ibiP. REM te a nt
Arbiter Segorrétﬁ cqggl\t}% r{!:(ga ec?lp§g"grrent ?ggﬁgﬁ%g%}ﬁ %é‘%ﬁgg%@%% aféhor!r%\llgl aw
external mesgateyt pdrtiontad thedhBrsomembiyptoRAkéchiing Jdme:;iand ti al i sations of the
nodem system are perforned. by code executin&,fro t he Common Modul es
Segment 10. The2EG¥H LRIH; PRPOBIGRE COrppIsuansot $36 iRt ant regHELAS 3rUbKa Hbdem
connect i on aRd st 6§ B8 SdoknisuaBP b I BN c@Hred: N RBASH £ WLFE Sart RGodPAMN
Loader 9 to downl oad the program code segnent for the next phase from sl ow
ext er nal Smimevel, 1ar gxeeeriany@ereat.r ent Phase Segment portion 11. The Current
Phase Segnent code for the next phase is downl oaded into on-chip DSP RA; vl
and executed. The sequence of events that occur is further detail ed using
an exanpl e Pedterablyp denigah pectdson aZlaramnfpodrdains firdDmestoay ts-pupvitidieas on-chip
Boot - Loader_ 1.3, Loads the nodul es conmon to all phases into the Conmon
Modul es 10RAMLTit PREPYERt i on for the nodemis then per formed. Dependi ng
upon the nodul ation function sel ected, Phase 1 of that nodul ation function
is downl oaded fromslow 2~ external nenory |4. After successful conpletion
of Phasel01 PRIRE DE&ERRIPAION: @F T3E PRIHINGS he Down Loader 9 to downl oad
Phase 2 fromexternal nenory into 14 the Current Phase Segnment portion 11.
The copi ed code corresponding to Phase 2 of the Datapunp function overl ays
t he exi sti Mye aoveedaois tresp fudlgideseribed Phvasey df ofn-lineinPakappiepnfyunctireferendd e
downl oad operation takes place during the inactivity interval which exists
bet ween t h&® HErAFHAPTEH S a?ﬁ‘g?h’ﬁég“%'and the commencenent of Phase 2 Phase
2 is then executed. After successful 24 April 2003 _6_ conpletion of
Phase ? the Event Arbiter 8 requests the Down Loader 9 to downl oad Phase 3
from sl ol§ &igues has a isgtAmmate fepresenEasion ofia pant apierismslagiamIaep Tpler@nsaticnr r ent
Phase Segnent 11 thus has Phase 2 replaced by Phase 3. The downl oad
operation takes place ~ during the inactivity interval which exists between
t he term n&quoa 2ofs PhiagemZnagindeprrentaionofresudienion@f aRMaddarn Hirerigr mgr am
for Phase 3, is then executed. This nethodology is followed for the
subsequentpﬁﬁ§§es of the Datapunp function. The total on-chip RAM 12
requi renents includes that which is required by the Event Arbiter 8, Down
Loader 9, Common Moddul es 10 and the Current Phase Segnent 11. The nenory 10 .
requi r er@dhFsgurer3 tihanxemeliry Pigssn SEgnangle sbint DSR downlepdatie arsbiteommn of the (.
Menory requj - e Ladi.vi.dual phases. Thus subdivi si on of the
Nbdulationgéﬁﬁc |%§m?%?%m§ﬁg§%g%§gd overlaying of the code corresponding to
the different Phases |eads to a substantial reduction in on-chip RANT

[ [ i ngl hi p_DSP. | . d hi t ect .. 15 Thi
o1 ocedur 6 GHRHT§ 5 HEkTISOALBEE PHiCT HOF BATBID SR ARV AHAP ST BHAR) FIB6F fyi ng

t he Event

".‘

25
DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION

The invenuon ualises a Modulation function which 1s subdivided mto difterent phases as
shown in Figure 2. These phases are subdivided such that there s an mactivity interval

30 berween them. Figure 2 shows the typieal phases through which a Modulation function passes



Ar biter 8 The new application can be |oaded into the Current Phase Segnent
11 when necessary. Hence a provision for integration of multiple
applications which can be non concurrently executed by the DSP is provided
by this scheme. This ease in integration 20 increases the D3y Aprc3go3 RAM
requirenents marginally by follow ng the code overlay ' procedure for these
mul tiple applications. The nmandatory requirenent for this code overlay
procedure which | eads to a substantial decrease in DSP on-chip nmenory is
the existence of inactivity intervals.sA so the tine 25 required for the

| ar gest program code downl oad should be within the duration of the
inactivity intervals. Hence appropriate external slow nmeno rtes which neet
the |atency, regyl Frﬁér%eaéhéahpyhﬁdl@ﬁe 30! 26t §dne Ihbﬁ,xaysnemﬁpbhé hﬁ%rﬁé{c&cﬂe
equations giveh bel ow. 4 April 2003 The nmenory size of Current
Phase Segméot exkuBjg-each pgmemhbtywwamtmmo@d; segirens, (NS, Shpsml hesoslami of

the i’ Phase in wrds 5 | owi, n nequal atisfi.ed:
the b PhaSky ol Biedge PRy e B0 ShebiRE AR ot 3B R T R R s ar
menory aCC@feScdrfdﬂiepﬂQeEEfme Modulamhhenmanphl@Dm%ampmwcjfmmm&n.ex~ is the

DSP instructi ons execution overhead for each word transfer , T~~ is the
overhead Sfor executing the Down Loader T, is the inactivity interval for

the i "~ Phasg, l3 Jﬁlkéatés%@%?dﬁ&@e@%%b s @sﬂ@wnmm R1ddoRl SOBRLAL Of for

nodem ar chi tectures which are anena or inplenentation of these downl oad
pr ocedur escordexro® a4 DSK withosshibpeogran A év el hsldq:fﬂrffnt QEagram éemdnisowhicin atehe

-chi d
i oni 11 cant® PEARELPBRS ECHE P Fip REv G ERGRE A BEAN RihPAR S8 e 7

downl oadabl e nodem applications. It outlines the procedures for
downl oadabl e i npl ementati on of the | ow cost sinble chi R DSP sol utions for
modem appl FEREe drivesents patyled doy @€ sheepreposad haoraioadably Mogemgrchyesmre. A

appl i cati 0BgoMhMIE CRRCPR EXRAULS Adg, DSR.RQ opmwwaem xv?n%%rﬁ?&

d
above nmodem architecture and net ho_ccfhﬁas been des bed by way o
non- | i miti AggesetnpPevo hbogydeanggmeny amddCcpmmamMmlearﬁt:mm fomosiswnayerbd made

EAB?: let (2) Oémé%%%try ‘ilf b Ie%ﬁctu'inmhﬁ Sﬁl'erxxlug’xahszgxons ocfczt%emgjer& sr}/%telrnnz}./r(ea rﬁ;[:rlrgé]ned 24
by code executing from the Common Modules Segment 10. The Event Arbiter 8 monitors
15 the current phase of the modem connection and on successful completion of the phase,
requests the Down Loader 9 to download the program code segment for the next phase from
slow external memory 14 into the Current Phase Segment portion 11. The Current Phase
Segment code for the next phase is downloaded into on-chip DSP RAM and executed. The
sequence of events that occur is further detailed using an example of a modem connection,

20 as follows.

On start-up the Boot-loader 13, loads the modules common to all phases into the Common
Modules 10. The initialisation for the modem is then performed. Depending upon the

modulation function selected, Phase 1 of that modulation function is downloaded from slow

(18]
in

external memory 14. After successful completion of Phase 1, the Event Arbuter 8 requests
the Down Loader 9 to download Phase 2 from external memory into 14 the Current Phase
Segment portion {1. The copied code correspanding to Phase 2 of the Datapump function
overlays the exisung code corresponding to Phase 1 of the Datapump tunction. The download
operation takes place during the inacuvity interval which exists between the termination of

30 Phase 1 and the commencement of Phase 2 Phase 2 is then executed.  After successtul



f_$_ THE CLAIMS: 1. A nethod of data transfer for use with a signa
processor, including: establishing a programcode for executing a data
transfer funcuon, the function being 5 divided into phases by inactivity
intervals, and the program code including code segnents assog,qucho@g,t h
each phase; and downl oadi ng each code segnent to a menory of the processor
prior to comrencenent of the respective phase for execution thereof. 10 2.
A nmethod as clainmed in claim1) wherein each successively downl oaded
segment overwites a previously downloaded segnent. 3. A nethod as clai ned
inclaiml or 2, wherein the data transfer function is a nodem nodul ati on.
function. 15 4. A nethod as clained in any one of clains | to 3, wherein

t he program cpde i eld in.a second rY,.6e rnal, . of ot he si .
processor %P cROPn?? ﬁgﬁsea“stlh% F&?‘ﬁéﬁgﬁteﬁ Sgrﬁ@:é%em copggparllaor%gé)rlg Eoo&dfv,”h 8% the
si gnal pr gces&0flowsexkdind Ondmtvey fi Prind @fe Gurbat 2RLsEsegBentAl INDTRENCAFEH RiesE ur e

including: a signal processor with a first internal rrertury; a second
menory extSeEmERt bt thuschagiPhas2 prheeksBoPhaspter Eht dpBload CBHAUAR FM5ES Plage 25

arranged tdgriﬁgﬁvf RGP AR SAAEHidh ‘éhigt?q)e.lv@eﬂ. GRAESAMIENG B prlQr 2 8XEGHE | NY

phases of atron function wth inactivity intervals rherebetwen and
the first coemonyement o6 Rhisgur thetpoogsay ferithiasd B ys thew ekegpethel wegrindgogy

downl oaded_f.rom the second mempry to.a.current.s nt portion of the first
mermory for® L‘%%@'SSE‘G %‘5:’?295“1“3%4%3\%6 ioﬁmf p—‘l@parrllmggoemﬁt arbuer tar monitoring
conpl eti on of each phase and requesting a subsequent code segnent to be

downl oaded into the current segnent portion) dunng an associ ablned i nterval,

for executiigroRRrehy RAN & requiremgaisingiuges ‘Péf)c‘t’%iFE iqrearired b e Fyegl Aties,
wher ei Nt e ol onal, B PESI5 V5 TRtARWIC Atk (PhSsel dekSlen TBITONY LS provi ded
as on-chip RAI~t of the Datapunmp. | A AAAAA%ALAY . AY{ ?AX?QR"*
10 requirements for the Current Phase Segment portion 11 is the maximum of the memory
requirements of the individual phases. Thus subdivision of the Modulation Function
into phases and overlaying of the code corresponding to the different Phases leads to a
substantial reduction in on-chip RAM requirements in single chip DSP downloadable modem
architectures.
15
This procedure easily incorporates inclusion of other applications by modifying the Event
Arbiter 8. The new application can be loaded into the Current Phase Segment 11 when
necessary. Hence a provision for integration of multiple applications which can be non-
concurrently executed by the DSP is provided by this scheme. This ease in integration

20 increases the DSP on-chip RAM requirements marginally by following the code overlay ° (,-,

procedure for these multiple applications.

The mandatory requirement for this code overlay procedure which leads to a substantial
decrease in DSP on-chip memory is the existence of inactivity intervals. Also the time
25 required tor the largest program code download should be within the duration of the inactivity
intervals. Hence appropriate external slow memories which meet the latency requirements

should be selected. This is exemplified by the equations given below.
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" eftt #x$) W08 &&&&() ** +V+} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca]ca]ca]ca
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Tiase_exee 15 the DSP instructions execution overhead for each word transfer
Thiarg 1S the overhead for executing the Down Loader

T, is the inacuvity interval for the i® Phase

15 This invention outlines a downloadable implementation for modem architectures which are
amenable for implementation of these download procedures. Hence it is possible to achieve

significant reduction in the DSP on-chip memory requirements.

The present invention provides a significant reduction in cost for single chip DSP solutions
20 for downloadable modem applications. It outlines the procedures for downloadable
implementation of the low cost single chip DSP solutions for modem applicauons. It also
provides easy downloadability for other applications which can be executed by the DSP non-

concurrently.
25 The above modem architecture and method has been described by way of non-limiting

example only and many modifications and variations may be made thereto without departing

from the spirit and scope of the invention.
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10G THE CLAIMS:
1. A method of data transfer for use with a signal processor, including:

establishing a program code for executing a data transfer funcuon, the function being

S divided into phases by inactivity intervals, and the program code including code segments
associated with each phase; and

downloading each code segment to a memory of the processor prior to commencement

of the respective phase for execution thereof.

10 2. A method as claimed in claim 1, wherein each successively downloaded segment

overwrites a previously downloaded segment.

3. A method as claimed in claim 1 or 2, wherein the data transfer function is a modem
modulation function.

15
4. A method as claimed in any one of claims 1 to 3, wherein the program code is held

in a second memory, external of the signal processor.

5. A method as claimed in any one of claims 1 to 4, wherein the signal processor is in

20 the form of a Datapump. ‘ (.

6. A modem architectre including:
a signal processcr with a first internal memory;
a second memory external of the signal processor, wherein the second memory is
25 arranged to hold a program code divided into code segments, for executing phases of a
modulation function with inactivity intervals therebetween and the tirst memory is configured
to sequentially receive the segments downloaded from the second memory to a current

segment poruon of the first memory for executing same;

- .
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