: pge3e} z<(d" 6XTI OND 011 50696 PCT/ US00/ 21754 METHOD AND APPARATUS Fogu PR 2004
BUFFERI NG DATA SAMPLES I N A SOFTWARE BA ’Imm” M TECHNI CAL FI EL é _RL(;
15 20 20 wBR: & The present invention rally to nodem

communi cationS) and, more particularly, to asmgihod and aptfea/ei0031%6,
buffering data sanples in a software-based Asymmetric Digital Subscriber

Li ne (ADSL) npdem Wm@ﬂﬂ%gﬁ@#ﬂ%@%ﬁf@ﬁ%@?ﬁ;;;: particularly

tel ephony, it is conmon practice to a subscri ber
station and a central sw tch A§OBFWARE BASED ADSLMOREM bi - di r ect i onal

communi cation channel. The Plain O d Tel ephone System (POTS), designed
primarily for voice conmunication Lde | nadequat e data transm ssion
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APR 2004y voice band signal from the data tones. Tones 8-32 are used to transmit data upstream (i.e., from the user), and

tones 33-256 are used to transmit data downstream (i.e., tothe user). Alternatively, all the data tones 8-256 may be
used for downstream data, and upstream data present on tones 8-32 would be detected using echo cancellation.

40 Because more tones are used for downstream communication than for upstream communication, the transfer is said
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and re i ‘ er.. The present invention i s difecte
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plurglity of ﬁgg%%a{st%%ﬁgﬁor :tor(évﬁrgon'{ms' ioﬁqg“ﬁtﬁgﬁﬂ%ﬁthe g@’ﬁ‘ﬁfif'g"‘ef’f'é’°'§t°5%d in
a buA% erProblems seforthab@¥eni ned if there is an absence of a data synbol in the
buffer: In 25 response to det MISCLBSURE GPANVENGION @ data synbol in the

buffer, an i QQLQ I.s transmtted. | ot her aspect of _the
present inv_e?y%ﬁe)n, aﬁ?g’gg'%f‘é‘t%s‘“ﬁ%' apnr‘eg'\?f’(?é’&"#ﬁ:%-d‘ﬁ%f“ﬁ des genpratipg datg, for

pr ocess SRR R fremgte §urrs angkreodulating the data to fam o plusadiiyofidgasymbolefmitassmissiol, (The  The
?ppar at w%mi)ur;b_blh&'é stored linl£] e It!i§ AofeSrilin Miﬂfhe:ﬁ@!ﬁﬂh%ﬂn&%f le byaie6l ih E.@fbgﬁka o

or rsa r e data s qQls in uffer,

det re]2 rsm' ﬁ%bl{g% “a%%‘étﬁ%g&j 0 g%\ég@.s@%%&esﬁ&?’%%%ﬁ? @%‘T‘T’Pldﬁ?“ﬂ'ﬁ‘ﬁsm t an idle
data symbol THABPHRRE ATPRQ of the presgnt inveatipm gn spRaratissie provideds The appdratussnciubesla pReesion t he
buf f er . aBiRcER DEBERPTOF iisiifsion kia ERAVONGS TiRQppalie fithe e/l 2 Rhsiing

&90d
by ref eneissiak Qe iddfio fiih b Qidal; LD i n_in conjunction w E&?h
acconpanyl n%&g{ 21%0 i gmav\ﬂlg gﬂﬁ??){{&ebg%'es@ %r%%%gsyr%” &e?’ﬁ%“ﬁ"&é‘ﬁ%‘"f?ﬂs’fekﬁ of
el ement &9RHR i fiF> and transpit an, idie data,symbe] dncregppnse odateasing anpbskBSiof DR symbol
conridni dmthé twffe. system i n accordance with one 35 enbodi nent of the present
I nvention; Figure 2 is a hfﬁlﬁ)lﬁcftﬁf‘ﬁ systemthat fornms a
part of the gommunij cation? syst em of E}V%ﬁ’g"'gf’ﬁéﬁ@ﬁ% 3 is a block diagram
of a nodemc GRtoR May be ypisritoog hyteferengeig the, folering dsicriptin takeminmoniunction withthe
syst em @fcompagyingadratvings} th Whid) likesre féreics nuinebilisadelitifyl i@ lembit) finddn WKi@AST t  buf f er
unit of the pRdem &AL &tk N s | ...and Fiqure | S bl ock
di agram.of .a reﬁﬁi ve huffer unﬁ%o%b%lhfghﬁlo%’em T VTR TR o AW e AR LI 1?']'I9Fegure
3. em tment of the present mvention;

Figure 2 is a block diagram of a processor system that forms a part of the communications system of
Figure 1;

Figure 3 is a block diagram of a modem communication unit that forms a part of the communications
system of Figure 1;

40 Figure 4 is a block diagram of a transmit buffer unit of the modem communication unit of Figure 3; and
Figure 5 is a block diagram of a receive buffer unit of the modem communication unit of Figure 3.
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are herein descrl bed in detail. It should be understood, at the
description herein of specific enbodinments is not i ntended tolimt the

i nvention to Whik paintentonl mﬁus&ﬁibIE&o dérﬁQJ H&ﬂﬁauopsl’:{nd Qlﬂmtam S0 5 X é’ﬁ%&‘f“@'}éﬁ

. to, and's are
o P R RS i B I o s v s sy
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e onbire el T8 SRRk fon s 20 ned psbessrsor sy 140 v s comecion
comuni 3‘5* Uins'“ the {ilustyated empodimants thponddérn gemmuaicaisn enibI0i e DIMT ADSL modem. The
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vari ati gns are considered within the scope and spirit of the inventi QNAPR 2004

Accor di n dgogd! Ot ecti on sought herein is as set forth | ins
bel ow. Ig%%% 03-2002 Z 0 ' APR 2004 US0021754 ( .-. . ~9 %@’”& | VS 1.

conprising: generating data for transm ssion to a renote source
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synch symbRhomhinfhiocfuit186l€t er m ned nunber of data synbol's, store the data
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r esphs esample effee 805 trangfest the adyapds digectf toaheyigatent S da@ilizibd unkt 6D ek hge iscS Al
loss. However, when a latency problem occurs in the receiver 310, and the sample buffer 505 cannot hold all of
the samples, the buffer control 510 will delete some of the samples. In accordance with one embodiment, the
buffer control 510 may delete samples in contiguous blocks at the head, end, or middle of the buffered data within
the sample buffer 505. The buffer control 510 will store the precise starting and ending location of any deleted

20  samples and transfer this location information to the receive software running on the control unit 315 along with
the remaining samples from the sample buffer 505 such that the deleted data may be reconstituted. Alternatively,
the buffer control 510 may delete the samples of the sample buffer 505 corresponding to every nth sample. The
buffer control 510 would also record the exact start, stop, and step used, and transfer this information to the receive
software running on the control unit 315 along with the remaining samples.

25 . In another embodiment, the data in the sample buffer 505 may be compressed. To accomplish this, the
buffer control 510 may employ a rounding or truncation method to reduce the resolution of samples, and, hence,
permit the samples to be stored in fewer buffer memory locations (not shown) of the sample buffer 505. The buffer
control 510 records the exact location where the rounding or truncation occurred, and transfers this information to
the receiver software so that the compressed samples may be expanded and restored.

30 In yet another embodiment, the buffer control 510 may employ a piecewise linear compression scheme to
compress the data in the sample buffer 505. The samples compressed and later restored has typically less noise
added than with the truncation or rounding methods discussed previously.

The receive software running on the control unit 315 is configured to comprehend that it is part of a
software modem operating in a non-real-time environment. The software checks if there is any lost or partially lost

35  samples as it transfers data from the receive buffer 355. If there are any lost samples, the control unit 315 may
insert zeros, average data, or use other known techniques to estimate the missing samples. If the samples were
compressed by the buffer control 510, then the control unit 315 appropriately decompresses the samples.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the teachings

40  herein. Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below. It is therefore evident that the particular embodiments disclosed above may be

7



TT307?6 ~ a filed Md~ 70QL AMENDED SHEET  13-03-2002 10 Z 0 APR 2&({]4 p L
S0021754 JT3026 5. The apparatus of claim4, wherein the transmtt 6%@9
is furthe d to ~~ determ ne the absence of a synch synbol in the

buf f er (BMQ‘Z@E@ounti ng the data and synch synbols as t hefCAfiS0QR1334d in
the buffer (340); and wherein the transmtter (305) further conprises
generati N, r n. ol.. based. upon the count of the data
and syncﬁmgn%oléﬁgga%’ﬁgg sgélé S .oorﬁseéxingr?lmst' 56 B‘Gﬁ"e °f?ﬁb)a9£é?'"t1?{e'£%5‘ﬁ%?f‘% us

of cl ai mAFeordiislyy tas Roteqtign opghtheriny aspel forth by theclpimsrtelows passi ng i nf or mati on

back to the renote source (140) about the insertion of the idle data 10
synbol . TI'3VS6 Gei~ as 41a0 Murk 1003 AMENDED SHEET

. Ah3. Ah. AU. Al . A. Ar. A, . A . AFYR A3l Lk{}etlxzyrlfa\VPU] cal] ca]ca] caU cal] ca

UV] cal] ca] cal] cal] caU] cal] caU] cal] cal] cal] caU] ca] caU] cal] caU] cal] cal] cal] ca °*
U] ca] cal] ca]c<aU]ca. 2GY{/q s v '

V' T#$Y% }wgke™ ZTNU] calU] caU] ca] caU] cal] cal] cal] ca] ca] cal] cal] calU] cal] cal] caU

] cal] cal] caU] cal] cal] cal] cal] cal] cal] caU] cal] caU] calU caUca "' ()s,,--}.0000 *
003334d7z78899V: @=>>>?zt nhb] WQU] U] caU] ca] cal] caU] caU] cal] cal] ca] cal] cal] caU

] cay] cal] caU] cal] cal] ca] cal] ca] ca] caU] cal] ca] c*aU] cal] cal] cal] calU] ca] ca?0Aq
At AAAABBBBb CC>Dj DgDGGK HHHHI

K} KKcLLONN OQ~xsmhb] WR] U] cal] ca] calU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] c
aU] ca '

WV] cal] ca] cal] ca] caV] ca] cal] ca] caU] cal] ca] ca] cal] cal] caQQcRhRURRW XZ9\ \ bbbb
ccddhhhkkl | ' ooEpsss~xsnga[ VQ ] ca] caU] cal] cal] cal] ca] cal] ca] cal] ca] cal] cal] c
a] caU] ca] cal] ca] ca] cal] cal] caU] cal] caU] caU] caU] caU] ca] ca] ca] cal] cassstttttu
Fuuv. wsxXxxz{{*{-{{J{-||}}}} | wgl ~xsnga[ VQ ] ca] cal] cal] caU] ca] cal] c

a] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] cal] cal]
caU cal ca Lk{}i K-3s10%¢& () -, _

GlO%& ()-10%& ()- 10%& ()-!10%& ()-10%& ()-9L10%& ()-}eteC 3s10%! " y#
1098 Z 8 Z

& ()-s!y#10%b& ()-s' 3mM0%& ()-10%& ()-310%& ()-10%& ()-t/z[<-3s10 310%
b& ()-,10%& ()-S&10%& ()-!" >+10%bé& ()-! >+10%b& ()-!>+10%b& () -



f 0! h10%& () h 10b 10b - : |
"?o(?%%g%cz%& ()-1"h"",10%b& ()-z!'h ", 10%b& ()-z 20 AR 2004 Us0021754
910%& () - uzX9g\ =3° ZT 109%& () -1 ZT- 10%b9b& ()-1="2ZT- 10%3b3b&' by Bk 10% b
b& ()-E 109%& ()-! "f&10% b: b& ()-Z. 2aBgV=3" 109%& () -

109%& () - MLO%& () - #10%& ()- ZT- 10%& ()-! " ZT- 109@h3b&: ()-GY{} 29\ =3

3. 10%8& ()-, 10%8& ()-!h' (10%b& ()-S&y 10%& ()-!1". 10%b& ()-t !
10%8&! () - { A 2X8g\fd 7! 10%0bOb&! ()-|&4#10°/dob& ()--s3
10%& ()-!"0(ZL ()-110(10%c& ()-!& z#10%b& ()-q st u v

= =11)0, 91099000%' ()- G | 10%% ()- 10b 10b
L0bY=s10%¢ ();1): §10048 8810%& () -
eiod <obpgng

" THYBS) [ <~ = % DRBBROOL () - sy 10%0&( )-1q
Z 109%&x& () -! é@ﬂ@a&t&&rﬂ:ﬂﬂ@&siﬁhtﬂ/&n{o}es’% &‘V&O%& () Z!, &%10%308
Q&' ()-Z! @940%30608 ()-!( %0% O Q& ( I0/<100/ ) Z#10%0& ()-ss,,-}../0{Y

7~ =111 4P ( 109medndating the datatg f m@motﬁatvsymbols or transmission;
Tovst (- ooubaHEEL A IER il YRR e ordtring s of o

'(Y- 100 100 symbols;

100="109%% () ;O@Iﬁ% ZA<~\:oisandsy?4 OREHIE, (e BBy Ku& () - Y %0% u& () -5

F(%40%Julu& ()-s
. 10% u&' () - d7z 7dctpaming<an’als sénaééﬂa@&lﬂ@ﬁfwrm&w(ﬁuﬁb%yo and

L0455 g b ki 6 e o S

N/(lO%{{& () - )syhibbIR AR B16) - oAqArAsAtAAAABrSl' 1Y94.09B8CBQO% () - m
" 10%08! ()-'c S&10% O O% ()-ms' mMLO%O& ()- 10[u[u 10[u[u
10[ u[ u! . F=10% u[ u& () - BEEGEI } KMMU3r S11 | xy&( 10%00& () - ! (° Yd0% O O& ()-m Y%

L09BVOR () - Mgt YOurioiiod o
Rf RthRle(v)Bw Iﬁlooq?o of kiath 1, WHEH@ER dfindo-aif'ab&nde 80 S HEH Rymivbr HVOP

100=" 10%08: () quymfﬂpmiowm ()-1"y& 109008 ()-!  y&( 10%00& () -

25%282) b 0/<100/ t?é&/ﬁ‘ N o%&yz?‘"f 8B5S StPye in s (40 900 0 e, OB

Z9\ \ >ANA<\VBT! |gegg-atmg)mm;x( symbobbased upon the count of the data and synch
& () - 2& 0009?,@,0‘{3 tH stored IX%%Q)({@&- Aoy, #YYL0% O Q& ( ) "% Pbbbbbbb} r g\ :
o1l " 109600& Bf WQ& é )
3. Themethod of claim 1, further comprising:
20 passing information back to the remote source (140) about the insertion of the idle
data symbol.

4, An apparatus, characterized in that the apparatus comprises:
a processor (110) adapted to generate data for transmission to a remote source (140);
25 and

a transmitter (305) adapted to modulate the data to form a plurality of data symbols,
insert one of a plurality of synch symbols after a predetermined number of data
symbols, store the ldam symbols and synch symbols in a buffer (340), determine an
absence of a synch symbol in the buffer (340), and transmit an idle data symbol in

30 response to detecting an absence of a synch symbol in the Buﬁ’er (340).
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