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(57) ABSTRACT 

An ADSL physical transmission layer retrieves data to be 
transmitted from either a transmit data buffer, or a dummy 
cell buffer in the case When no actual data is being trans 
mitted to maintain a continuous data stream in an ADSL data 
link. The ADSL physical transmission layer and an associ 
ated ATM protocol layer are implemented as an interrupt 
service routine and delayed procedure call respectively in an 
ADSL softWare modem application. Because the ATM pro 
tocol layer does not ?ll the transmit data buffer With dummy 
cell data, it is simpler and faster. Moreover, latency is 
minimized, and overall system throughput enhanced since 
the maximum latency is independent of any operating sys 
tem latency, and is no greater than the siZe of the cell stored 
in the dummy cell buffer. The invention has signi?cant 
potential for bene?cial use in an ADSL based softWare 
modem Where Wide variations in performance and latency of 
computing systems pose engineering challenges in main 
taining a continous data link betWeen a real time transceiver 
and a non-real time operating system. 

1 
1 125/4 Applications 1 

1 Asynchronous " 1 
lTraf?c 1 
l 120-," ATM Protocol Layer 1 

1 ...................... . .1 ........... . .1 

I Tx Data Rx Protocol 1 I 116 [ 
Buffer Queue 

“0 1 115 ~115 Water 1 

I g?flfygiso 117 Mark 1 
1 | 
1 x v p 1 
1 110’ ADSL Physical Layer | 
1 1 
1 l 
1 I 
| 105 106 1 

1 1 
' 1 l 

Lsl?‘EriMidil _ _ _ _ _ _ _ _ _ __ __ _1 

Transceiver 
1 03 '’ Front End 

102/‘ Channel 

101/1 Upstream 
Transceiver 



Patent Application Publication Jun. 28, 2001 Sheet 1 0f 3 US 2001/0005367 A1 

I 
105» Y 106w ‘ 

I 
I 125.» Applications I 
I I 
l Asynchronous _ $ T I 
ITraf?o I 
l 120% ATM Protocol Layer 1 

I + I 
: TX Data 116 Rx Protocol : 

_ Queue 

110—’——\ I B??? 4-- I 
Dummy 115] Water 

I Buffer 130 117 Mark I 
I I 
| V I 

| 110'” ADSL Physical Layer I 
I I 
I I 
I I 
I I 
I I 

I 
Lsl?‘E'iM£d§T_______________1 

Transceiver 
1 03 ‘A Front End 

@ 
102/‘ Channel 

1? 
101m Upstream 

Transceiver 



Patent Application Publication Jun. 28,2001 

FIG. 2A 

ATM Protocol Layer Routine 

205/‘ Invoke Routine 

210 

Yes 

Convert to ATM 
220” Cell 

Sheet 2 0f 3 US 2001/0005367 A1 

No————> End N215 



Patent Application Publication Jun. 28, 2001 Sheet 3 0f 3 US 2001/0005367 A1 

FIG. 2B 

ADSL Physical Layer Routine 

Invoke 
225A Routine 

Dummy 235 Data 
Buffer Transmit 

Buffer 

Head Until End of Current Cell Read Until End of Data Buffer 

F X y 255 

1 
N0 \—~ Set Current Buffer = Dummy Buffer 

L— t 
260 

YES 
I 

Set Current Buffer = Data Butter 

8 
245 



US 2001/0005367 A1 

XDSL MODEM WITH ASYNCHRONOUS 
TRANSFER MODE (ATM) LAYER & LATENCY 
REDUCTION IMPLEMENTED IN SOFTWARE 

FIELD OF THE INVENTION 

[0001] The invention relates generally to asynchronous 
data transfer over a high-speed synchronous transmission 
system, such as those utilizing ATM transport over a Digital 
Subscriber Line (DSL). More particularly, the present inven 
tion is directed to latency minimization betWeen a host 
computing system and an ADSL transceiver. 

BACKGROUND OF THE INVENTION 

[0002] In a high-speed synchronous transmission system, 
modulated symbols are sent continuously in time. When it is 
implemented by a computer host processor (so called soft 
Ware modem), it is extremely critical to maintain a continu 
ous bit stream output betWeen the real time transceiver and 
the non-real time host system (such as a local host comput 
ing system running an operating system such as Microsoft 
Windows@ NT or the like). To reduce transport delay, 
latencies betWeen each interface located in the data path 
(i.e., betWeen the upstream transceiver to operating system) 
must be kept to a minimum. 

[0003] There are a number of such interfaces in such data 
path, and various mechanisms have been proposed to ensure 
a continuous stream of demodulated/modulated data. First, 
an analog channel interface portion of a doWnstream ADSL 
transceiver is responsible for receiving, transmitting, pro 
cessing analog data signals, and maintaining a synchroniZed 
data link through a channel to an upstream transceiver 
interface. This is a real-time link, and accordingly a modu 
lated signal must be present (at some level, even in reduced 
poWer management modes) at all times. An example of a 
prior art approach for ensuring that the data link is kept 
synchroniZed, even When one end is connected to an asyn 
chronous source, is US. Pat. No. 5,003,558. This reference 
teaches sending an “idle” signal to keep the link active even 
When there is no real data, but, notably, does not address the 
problem of hoW to cure latencies Which may be present in 
such asynchronous source. 

[0004] Next after the channel interface portion in the data 
path lies a physical layer transport circuit. This portion of the 
data link is responsible for modulating and demodulating 
data symbols. To reduce latencies betWeen the channel 
interface and the physical layer, Receive/Transmit FIFO 
buffers are used. This technique is Well knoWn in the art, and 
an example of this type of technology is depicted in US. Pat. 
Nos. 4,823,312 and 5,140,679 assigned to National. Accord 
ingly, there are reasonably Well developed solutions to the 
problems of latency and transport delay betWeen a channel 
interface and physical layer in an ADSL transceiver, and this 
portion of the data path can be maintained as real time 
Without undue cost and/or complexity. 

[0005] A larger challenge is posed, hoWever, by the data 
path located betWeen the physical layer and the logical layer, 
in this case, an ATM protocol layer. The ATM protocol layer 
is required to interface both With the physical layer (a real 
time data path) and With the operating system (an asynchro 
nous data path). To reduce latencies betWeen these tWo 
interfaces, one approach Would be to use the same kinds of 
Receive/Transmit FIFO buffers as explained earlier betWeen 
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the channel interface and physical layer. In this respect, on 
the receive side of the data path, it is possible to use a 
suf?ciently large Receiver buffer to compensate for latencies 
inherent in the operations of the ADSL physical layer and 
ATM protocol layer When the latter are implemented in a 
softWare modem. Such latencies arise from the fact that, in 
a softWare modem context, both such functions are per 
formed by the host processing device executing routines of 
different priority. For instance, in a WindoWs operating 
system, the ADSL physical layer is con?gured as an Inter 
rupt Service Routine (ISR), While the ATM protocol layer is 
set up as a loWer priority Delayed Procedure Call (DPC). 
The ADSL Physical layer is con?gured as a high priority 
task in the operating system, because, in this manner, latency 
betWeen this layer and the channel interface is reduced, and 
the buffers betWeen such interfaces can be reduced as Well. 

[0006] Because a DPC is a loWer priority task than an ISR, 
hoWever, there is an inherent latency betWeen the physical 
layer and ATM operations, and a Receiver buffer must be 
employed betWeen the tWo to handle such disparity. Nev 
ertheless, When a buffer is used, a transport delay is intro 
duced, Which, of course, is undesirable. To reduce this delay, 
the buffer siZe must be correspondingly reduced. This design 
goal of course must be tempered by the fact that the buffer 
must be at least large enough to accommodate expected 
latencies caused by the difference in priorities of the ADSL 
Physical Layer and the ATM protocol layer. One proposed 
solution Would be to make the ATM protocol an ISR as Well, 
so that there is no latency betWeen the ADSL Physical Layer 
and the ATM protocols. This approach is unattractive for the 
plain fact that ATM protocols require many system calls that 
cannot be accommodated in an ISR routine, because such 
routines must be executed in a very short period of time. 

[0007] Consequently, in most ADSL softWare modem 
systems, it is expected there Will be a buffer interface 
betWeen the ADSL physical layer and the ATM protocol. 
The siZe of the buffer can be varied, of course, depending on 
the expected channel data rate, expected operating system 
latencies, etc. In a typical PC using Microsoft WindoWs, a 
latency time of about 10 to 30 msec is contemplated. It is, 
of course, extremely critical to reduce this latency as much 
as possible to ensure efficient data transmissions across the 
entire data link. 

[0008] One approach suggested in the prior art (such as 
described in the aforementioned references above) is to 
include some kind of threshold ?ll point, or “Water mark” for 
the receive and transmit buffers. In the transmit direction, a 
transmit buffer Water mark is set to some value that is close 
to the full capacity of the buffer siZe. When the data in the 
buffer drops beloW this mark, an ATM protocol layer routine 
is activated and more data is loaded (poured in) in the 
transmit buffer. Accordingly, at any moment in time, an 
amount of data equal to the transmit buffer Water mark level 
is available to sustain continuous data transmission due to 
system latency. In the receiving direction, a receive buffer 
Water mark is set to some value close to the empty capacity 
of the buffer siZe. When the buffer ?lls With data above this 
level, the ATM protocol layer routine is again activated and 
more data is extracted (poured out) from the receive buffer. 
Accordingly, at any moment in time, an amount of data 
equal to the capacity above the receive Water mark level is 
available for the synchronous receiver to store received data 
due to system latency. 
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[0009] The problem With this approach is the fact that 
there is often no real data to be transmitted by the operating 
system to the upstream transmitter, yet the data link on the 
upstream side must be maintained. As a result, after verify 
ing from the operating system that there are no applications 
transmitting data, the ATM protocol layer routine must load 
the buffer With “dummy” data corresponding to a ?xed 
pattern recognizable by the upstream transmitter as such, in 
a manner similar to that noted in US. Pat. No. 5,003,558 
discussed above Performing this extra task, hoWever, con 
sumes valuable processing time, and reduces system ef? 
ciency. Moreover, by loading the transmit buffer With 
“dummy” ATM cells, overall data transport latency 
increases because such data must be ?ushed in serial fashion 
through the channel to the upstream transceiver, even When 
neW transmit data is available from the operating system. 

[0010] Accordingly, the commonly suggested techniques 
for handling latency in an ADSL softWare environment 
While maintaining a synchronous link are impractical, and, 
in many cases, inef?cient. 

SUMMARY OF THE INVENTION 

[0011] An object of the present invention, therefore, is to 
provide an improved system and method for maintaining a 
continuous and uninterrupted ADSL data bit stream betWeen 
an operating system implementing a doWnstream trans 
ceiver, and a remote upstream transmitter; 

[0012] A further object of the present invention is to 
provide an improved ATM protocol system and method 
Which is simpler to implement in an ADSL softWare trans 
ceiver; 
[0013] A related object of the present invention is to 
provide an improved system and method for reducing over 
all data transport latency in a data path betWeen an operating 
system implementing a doWnstream transceiver, and a 
remote upstream transmitter. 

[0014] A further object of the present invention is to apply 
the above methods in any high-speed synchronous transmis 
sion systems Which must include a source of asynchronous 
traf?c transport. 

[0015] A system of the present invention therefore elimi 
nates latencies caused by asynchronous data transport 
requirements associated With a synchronous data channel, 
Which, in a preferred embodiment, carries ADSL signals in 
accordance With knoWn protocols and standards. The system 
?rst includes a logical data layer, Which is coupled to the 
asynchronous operating system, Which can be a personal 
computer. This logical layer receives data blocks corre 
sponding to actual data to be transmitted by applications 
running on an asynchronously running operating system. 
These data blocks are converted into actual data logical 
blocks. A transmit data buffer is coupled to the logical data 
layer, and stores the actual data logical block after it is 
processed by the logical data layer. A dummy data buffer is 
used for storing a dummy data logical block corresponding 
to a logical data block containing no actual operating system 
data, i.e., a ?xed data pattern that can sent on the synchro 
nous data link as ?ll data to maintain synchroniZation. A 
physical data layer is also coupled to the transmit data buffer, 
the dummy data buffer, and the synchronous data channel. 
The physical data layer converts the actual data logical 
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blocks into actual data digital signals for transmission in the 
synchronous data channel. It also converts the dummy data 
logical blocks to dummy data digital signals for transmission 
in the synchronous data channel to maintain synchroniZation 
as noted. Thus, the physical data layer transmits real data 
digital signals to the synchronous data channel When there is 
an actual data logical block in the transmit data buffer and 
otherWise transmits the dummy data digital signals. The 
dummy data logical block is selected to be equal in siZe to 
a single actual data logical block to facilitate handling by the 
physical layer. 

[0016] The advantages of this approach are many, and 
include the fact that the latency is reduced because dummy 
data is not stored in the transmit buffer, and the fact that the 
logical layer does not Waste time storing such dummy data 
in the ?rst place. Furthermore, the latency in the synchro 
nous data channel is limited to be no more than the time 
required to transmit a single dummy data logical block. 
More importantly, it can be seen that the latency is substan 
tially independent of any latency caused by the asynchro 
nous operating system. 

[0017] In a preferred embodiment, the latency reduction 
system is used Within a softWare modem environment. 

[0018] In this regard, the logical data layer is implemented 
as an ATM protocol layer, Which has a transmit routine for 
converting the asynchronous data block into an actual logi 
cal data block corresponding to an ATM cell. Such protocol 
layer can be implemented in hardWare, or preferably, as an 
ATM protocol routine executed by a processing device 
Within the asynchronously operating computing system. The 
transmit portion (subroutine) of the ATM protocol routine is 
speci?cally con?gured, therefore, so that When no actual 
operating system data is available for transmission, it does 
load any data (or dummy data cells) into the transmit data 
buffer. The transmit portion of the ATM protocol routine is 
preferably activated or invoked Whenever the transmit data 
buffer contains an amount of data less than a transmit 
threshold value (or Water mark). Further in a preferred 
embodiment, the physical data layer is an ADSL physical 
layer routine executed by the processing device. Such physi 
cal layer can be implemented in dedicated front end trans 
ceiver hardWare, or preferably as an ADSL physical data 
layer routine Which is executed With a higher priority (or 
loWer latency) than the ATM protocol routine. The ADSL 
physical layer transmit routine sends a dummy data digital 
signal When there is no data, but does not load such data 
from the transmit data buffer. At the end of such operation, 
it checks the transmit data buffer to determine if any actual 
data logic block should be converted and transmitted. If yes, 
it does not send any further dummy data, and goes on to send 
real data. This operational feature ensures the maximum 1 
dummy cell maximum latency length. 

[0019] A preferred embodiment of an ADSL transceiver 
implemented in accordance With the present invention 
includes the aforementioned latency reduction system, as 
Well as a number of additional transmit and receive com 
ponents. In particular, a doWnstream transceiver front end 
circuit is coupled to the physical data layer and converts the 
real data digital signals and the dummy data digital signals 
into real data analog signals and dummy data analog signals 
respectively for transmission through the synchronous chan 
nel to a second upstream transceiver. As part of this front 
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end, a second transmit data buffer is coupled between the 
physical data layer and the downstream transceiver front end 
circuit for storing data corresponding to the real data digital 
signals and the dummy data digital signals. Such front end 
also includes a ?rst receive data buffer coupled betWeen the 
physical layer and the doWnstream transceiver front end 
circuit for storing data corresponding to received data digital 
signals from the upstream transceiver. In addition, a second 
receive data buffer is coupled betWeen the physical data 
layer and the logical data layer for storing data correspond 
ing to received data logical blocks from the upstream 
transceiver. This latter structure helps minimiZe latency on 
the receive side of the transmitter. 

[0020] The latency reducing system of the present inven 
tion, including the physical layer and logical layer routines, 
can also be implemented in a computer program executable 
Within the aforementioned operating system. Alternatively, 
the system can be embedded in silicon form such as in a 
programmed ROM or the like Which can be executed by a 
dedicated hardWare DSP. 

[0021] Apreferred method of transmitting data betWeen a 
synchronous data channel and an asynchronous operating 
system based on the present invention accomplishes this 
objective by generally performing the folloWing steps: (a) 
determining if there is actual data to be transmitted by the 
asynchronous operating system; (b) converting any such 
actual data into an actual data logical block; and (c) buff 
ering the actual data logical block; and (d) determining 
Whether an actual data logical block has been buffered; and 
(e) When an actual data logical block has been buffered, 
converting the actual data logical block into actual data 
digital signals for transmission in the synchronous data 
channel; and When no actual data logical block has been 
buffered, converting a dummy data logical block to dummy 
data digital signals for transmission in the synchronous data 
channel. 

[0022] As noted above, the actual logical data block 
preferably corresponds to an ATM formatted cell. Again, 
too, only actual data logic blocks are buffered, Which 
reduces latency signi?cantly. When the number of actual 
data logical blocks falls beloW a predetermined threshold 
value, steps (a) through (c) are repeated. Since only actual 
data is stored in the transmit buffer, the use of the Water mark 
or threshold provides signi?cant performance advantage 
because it noW more accurately re?ects transmit data status. 
As also alluded to above, the aforementioned steps are 
preferably performed by various routines executed by a 
softWare modem. As such, these steps are performed by a 
number of routines executed by a processing device Within 
the asynchronous computing system. Also, as noted earlier, 
the logical layer routine is executed With a loWer priority 
than the physical layer routine. The same latency improve 
ment advantages as outlined above are possible With the 
disclosed method therefore. 

[0023] A method of implementing an ADSL transceiver, 
therefore, includes the aforementioned latency reducing 
process, as Well as further necessary steps. These include, 
generally, a step converting the real data digital signals 
and the dummy data digital signals into real data analog 
signals and dummy data analog signals respectively for 
transmission through the synchronous channel to a second 
upstream transceiver. Again, an additional step (g) can also 

Jun. 28, 2001 

be employed of buffering data corresponding to the real data 
digital signals and the dummy data digital signals. On the 
receiving side, the preferred method includes a step (h): 
buffering data corresponding to received data digital signals 
from the upstream transceiver. An additional step (i): buff 
ering data corresponding to received data logical blocks 
from the upstream transceiver is also executed. 

[0024] Although the inventions are described beloW in a 
preferred embodiment involving an ADSL transceiver, it 
Will be apparent to those skilled in the art the present 
invention Would be bene?cially used in many environments 
Where it is necessary to minimiZe latencies in a real time data 
transmission path for non-real time traf?c transport. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a block diagram illustrating an embodi 
ment of a system implemented in accordance With the 
teachings of the present invention; 

[0026] FIGS. 2A and 2B depicts in How chart form the 
general method of operation of a ATM Protocol Layer and 
an ADSL Physical Layer of the present invention as iden 
ti?ed in FIG. 1. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] A preferred embodiment of a system 100 of the 
present invention is illustrated in FIG. 1. With the exception 
of some of the details of the transmit buffer logic used in the 
present system, the other components shoWn in FIG. 1 are 
Well-knoWn ADSL transceiver circuits, and hence Will not 
be explained in detail herein. System 100 is a doWnstream 
ADSL transceiver coupled through a channel 101 to an 
upstream transceiver 102. A continuous data stream is main 
tained in both a doWnstream and upstream direction betWeen 
such transceivers. This is done so that synchroniZation is 
maintained, and overall data transport latency is minimiZed. 
An analog front end 103 of transceiver 100 includes 
conventional telephone line interface, an optional splitter, 
various ?lters, and an analog to digital converter circuit for 
converting a received ADSL signal to a series of digital 
samples. Corresponding circuitry on the transmit side con 
verts a series of digital samples into analog data signals for 
transmission through channel 101. The speci?cs of AFE 103 
are Well-knoWn in the art, and as they are not material to the 
present invention, a detailed explanation of the same is not 
necessary to an understanding of the present teachings. 

[0028] An ADSL Physical Layer 110 is coupled to AFE 
103 through a ?rst receive buffer 106. As mentioned above, 
ADSL Physical Layer 110 is preferably an ISR implemented 
on a personal computing system using the Microsoft Win 
doWs operating system. This ISR, as is apparent, performs 
both receive and transmit functions in receive and transmit 
routines respectively. Generally speaking, both of these 
routines have a high priority and are responsible for, among 
other things, demodulating/modulating the received DMT 
digital samples and converting them into a received/transmit 
data stream. 

[0029] The other side of ADSL Physical Layer 110 is 
coupled through a second receiver buffer 116 to ATM 
Protocol layer 120. As noted earlier, ATM protocol layer 120 
is preferably a DPC implemented on a personal computing 
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system using the Microsoft Windows operating system. The 
functions and operations performed by ATM protocol layer 
120 include generally, among other things, conversion of 
received ATM data cells into Internet Protocol (IP) packets, 
Which can be handled by IP applications Within the com 
puting system, and conversely, conversion of any transmit 
data from such applications into ATM cells before ADSL 
Physical layer 110. This routine (including a receive and 
transmit portion) has a loWer priority (or higher latency) 
than the routines associated With ADSL Physical Layer 110. 
Second receiver buffer 116 preferably includes a Water mark 
(data receive threshold) 117, Which is set to a value Which 
takes into consideration a variety of data path and trans 
ceiver considerations, including eXpected operating system 
latencies, the siZe of buffer 116, etc. Accordingly, such value 
Will vary from application to application, but in general, 
such value is set to a point usually near an “empty” buffer 
condition so that data can be continuously loaded Without 
over?oW When the system is busy and the receive sub 
routines associated With ATM Protocol Layer cannot be 
activated. When a data level in buffer 116 goes above Water 
mark level 117, the receiver part of the ATM protocol layer 
softWare routine is triggered by the host system. This routine 
removes data in the buffer 116 until its cell occupancy level 
falls beloW the Water mark, or until such routine is inter 
rupted by a higher priority task. Note that, as indicated With 
the dotted lines in FIG. 1, all the data How up until this point 
involves interfaces that handle a time sensitive (synchro 
nous) bit stream. ATM protocol layer 120 is also interfaced 
to an asynchronous communications path in the operating 
system and/or other applications 125 Within a host comput 
ing system. As is apparent from FIG. 1, this is also the last 
leg of the receive side data link to the upstream transceiver 
101. From the perspective of the upstream transceiver, it is 
imperative, of course, that the entire receive leg of the data 
link operate in a synchronous manner, and the aforemen 
tioned con?guration discussed above can accomplish this 
objective in an ADSL transceiver 100 With minimal latency 
problems. 

[0030] On the ?rst leg of the transmit side, a transmit 
portion (routine) of ATM protocol layer 120 converts asyn 
chronous input data traffic from the operating system and/or 
other applications into ATM cells. These ATM cells are then 
loaded into a second transmit buffer 115. As With second 
receiver buffer 116, second transmit buffer preferably 
includes a Water mark 118, Which is set to a value Which 
takes into consideration a variety of data path and trans 
ceiver considerations, including eXpected operating system 
latencies, the siZe of buffer 115, etc. Accordingly, such value 
Will vary from application to application, but in general, 
such value is set to a point usually near a “full” buffer 
condition so that data is continuously loaded and emptied 
When there is activity on the transmit side. When a data level 
in buffer 115 goes beloW the Water mark level, this triggers 
the transmit portion of ATM protocol layer 120, Which adds 
cells to the buffer until the cell occupancy goes above Water 
mark level 118, or until such routine is interrupted by a 
higher priority task. The data from the ATM cells in second 
transmit buffer 115 is modulated by a transmit portion 
(routine) of ADSL Physical Layer 110 into digital data 
samples. Such digital samples are then communicated to a 
?rst transmit buffer 105, and are retrieved by AF E 103 Where 
they are further converted into an analog data signal that is 
transmitted through channel 101 back to transceiver 102. 

Jun. 28, 2001 

[0031] The aforementioned description is fairly typical for 
implementation in an ADSL softWare modem. The speci?cs 
of such implementation of ?rst receiver buffer 106, ?rst 
transmitter buffer 105, second receiver buffer 116, second 
transmit buffer 115, AF E 103, and ADSL Physical Layer 110 
are again not important to the present invention, and there 
fore any combination of computing hardWare and softWare 
routines can be employed Which can perform the tasks 
required of such transceiver elements. In a preferred 
embodiment, both second receiver buffer 116 and second 
transmit buffer 115 are implemented as softWare FIFOs, 
meaning they are set up and maintained Within a regular 
system memory by ATM Protocol Layer 120 and/or ADSL 
Physical Layer 110. This approach has an advantage over 
pure hardWare FIFOs, hoWever, in that such structures can 
be dynamically re-siZed as necessary, based on receive and 
transmit requirements, system performance, etc. Further 
more, a buffer pointer indicating the starting item of data in 
a data buffer can be reset as needed, Which avoids the latency 
issues associated With a hardWare FIFO Where, if “idle” data 
is present in the queue before real data, such idle data must 
still be transmitted to ?ush the buffer. 

[0032] The important distinction is that the present inven 
tion overcomes the latency problems of the prior art through 
the use of an improved ATM protocol layer 120, and a 
“dummy” cell buffer 130 as noW explained more fully. As 
noted earlier, at many times, there is no real data traf?c on 
the transmit side coming from applications 125; in such 
cases, the transmit portion of ATM protocol layer 120 must 
insert “dummy” cells into second transmit buffer 115. This 
is because, as also eXplained above, an overall constant data 
stream bit rate meeting the ADSL standard must be main 
tained on this side of ADSL transceiver 100. In other Words, 
the return leg of the ADSL link must be kept synchronous as 
Well, despite the fact that there is an asynchronous data 
source at one end. These dummy cells are inserted into the 
bit stream, but are discarded at the other end of the data link 
by upstream transceiver 102 because they carry no infor 
mation. Unlike other systems, hoWever, the transmit portion 
of ATM protocol layer 120 of the present invention does not 
load second transmit buffer 115 With dummy cells, even 
When there is no data traf?c forthcoming from applications 
125. Instead, the transmit portion of ATM protocol layer 120 
only loads actual data cells to second transmit buffer 115. 
Accordingly, second transmit buffer 115 is never loaded With 
dummy cells, and only contains actual transmit data. To 
handle the problem of stuf?ng the bit stream With dummy 
cells to maintain synchroniZation, a separate dummy buffer 
130 is employed. This dummy buffer contains a prede?ned 
cell pattern for the dummy cell that Would otherWise be 
generated, retrieved or transmitted by the transmit subrou 
tine portion of ATM protocol layer 120. Like second trans 
mit buffer 115, dummy buffer 130 is also coupled to ADSL 
Physical Layer 110, and therefore can provide the dummy 
cell pattern data as required during a transmit operation. As 
With second transmit buffer 115, dummy buffer can be 
implemented as a softWare structure in system memory of 
arbitrary siZe, or in hardWare since the cell pattern data is 
?Xed. It is conceivable, of course, that dummy buffer can 
contain patterns other than dummy cells Which may be ?Xed 
data patterns that must be transmitted to an upstream trans 
ceiver during portions of a data transmission. Again, as With 
other systems Which utiliZe a transmit buffer “Water mark,” 
(or transmit data threshold) a transmit portion of ATM 
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Protocol Layer 120 can be activated When transmit data 
buffer 115 falls below the transmit Water mark. 

[0033] FIGS. 2A and 2B are How chart forms of the 
operation of an ATM Protocol Layer 120 routine, and an 
ADSL Physical layer 110 routine, respectively, as imple 
mented in a preferred embodiment of the present invention. 
For the ATM Protocol Layer 120 transmit routine shoWn in 
FIG. 2A, the following steps are executed: ?rst, at step 205, 
the routine is invoked When the cell occupancy level in 
second transmit data buffer 215 falling beloW a Water mark 
level value 218. Then, at step 210, an examination is made 
to determine if there is additional data from applications 225 
that needs to be transmitted. If not, the routine ends at step 
215; i.e. no dummy data blocks (ATM siZed dummy cells) 
are loaded into second transmit data buffer 215. If there is 
data that needs to be sent, it is processed at step 220 using 
any one of a number of Well-knoWn techniques so that data 
is converted into a logical data block (i.e. ATM cells) of any 
suitable length and format for the particular data link. 

[0034] Thus, second transmit data buffer 115 only contains 
actual logical data blocks to be transmitted, and not dummy 
cell data, Which means that latency is reduced and system 
performance is improved. This can be seen from a simple 
example; in a conventional approach, if dummy cells are 
loaded into second transmit data buffer 115, they Will ?ll 
such buffer, causing a data level to rise, and potentially 
exceeding the Water mark level. This means that ATM 
protocol routine 120 Will not be invoked, even though there 
is no real data in the transmit queue. In fact, it is conceivable 
that second transmit data buffer 115 may contain no real 
data, and that a large amount of time Will be spent ?ushing 
this buffer of dummy cells before real data can be processed 
by ADSL Physical layer 110. Thus, the present invention 
signi?cantly enhances the value of a transmit buffer data 
Water mark in a synchronous data link that includes 
“dummy” data cells as data stream “?ller,” because such 
Water marks, When used With a buffer containing only real 
data, can noW accurately represent the status of the amount 
of transmit data ready for transmission. 

[0035] In FIG. 2B, the operation of transmit portion 
(routine) of ADSL Physical Layer 110 is shoWn. At step 225, 
the routine is invoked by the periodic transmit opportunities 
of ADSL modulated symbols. In T1.413 and G.992 stan 
dards, the period for each invocation is approximately 250 
psec. The routine then continues at step 230 to read data 
from Whichever of second transmit data buffer 115 or 
dummy cell buffer 130 is designated as the “current” buffer, 
until reaching the end of a current ATM cell. Then, if at step 
235 dummy cell buffer 130 is the current buffer, at step 240 
it Will read such dummy cell, and, at the end of reading such 
cell, check second transmit data buffer 115 at step 242 to see 
if contains any real transmitted data cells from applications 
225. This is done by setting a buffer pointer to the head of 
second transmit data buffer 115. If there is any such data, 
ADSL Physical Layer 110 then sWitches at step 245 to 
reading data from second transmit data buffer 115, and 
designates such buffer as the current buffer. If not, it sets a 
neW buffer pointer to the start of the dummy buffer, and 
continues to read from dummy cell buffer 130 as before. 

[0036] On the other hand, if at step 235 second transmit 
data buffer 115 is the current buffer, it Will continue reading 
from there at step 255 until it reaches the end of such buffer. 
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Once it reaches the end of such buffer, it Will then sWitch at 
step 260 to reading from dummy buffer 130, and designates 
such buffer as the current buffer. 

[0037] It can be seen from the above description that at 
any moment in time, the Worst case maximum latency, from 
a data transmit perspective, is at most one ATM cell in 
duration. The best case minimum latency, conversely, is 0. 
Thus, the average expected latency With the present inven 
tion is only half of an ATM cell siZe. Moreover, such latency 
is completely independent of the operating system latency, 
Which is a signi?cant bene?t for an ADSL based softWare 
modem, because of the Wide variation in performance and 
latency of computing systems incorporating the same. 
Accordingly, the present invention can be advantageously 
employed in any synchronous transmission link Which uti 
liZes a prede?ned “idle” signal pattern to compensate for 
sources of asynchronous data transport. 

[0038] Although the present invention has been described 
in terms of a preferred embodiment, it Will be apparent to 
those skilled in the art that many alterations and modi?ca 
tions may be made to such embodiments Without departing 
from the teachings of the present invention. It Will also be 
apparent to those skilled in the art that for purposes of the 
present discussion, the block diagram of the present inven 
tion has been simpli?ed. The microcode and softWare rou 
tines executed by the host processor to effectuate the inven 
tive methods may be embodied in various forms, including 
in a permanent magnetic media, a non-volatile ROM, a 
CD-ROM, or any other suitable machine-readable format. 
Accordingly, it is intended that the all such alterations and 
modi?cations be included Within the scope and spirit of the 
invention as de?ned by the folloWing claims. 

What is claimed is: 
1. A system for transmitting data betWeen a synchronous 

data channel and an asynchronous operating system, said 
system comprising: 

a logical data layer coupled to the asynchronous operating 
system, said logical data layer being capable of receiv 
ing a data block corresponding to actual data to be 
transmitted by the asynchronous operating system, and 
further being capable of converting said data block into 
an actual data logical block; and 

a transmit data buffer coupled to said logical data layer for 
storing said actual data logical block after it is pro 
cessed by said logical data layer; and 

a dummy data buffer for storing a dummy data logical 
block corresponding to a logical data block containing 
no actual operating system data; and 

a physical data layer coupled to said transmit data buffer, 
said dummy data buffer, and the synchronous data 
channel, said physical data layer being capable of 
converting said actual data logical block into actual 
data digital signals for transmission in said synchro 
nous data channel, and said physical data layer further 
being capable of converting said dummy data logical 
block to dummy data digital signals for transmission in 
said synchronous data channel; and 

Wherein said physical data layer transmits said real data 
digital signals to the synchronous data channel When 
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said transmit data buffer contains an actual data logical 
block, and otherwise transmits said dummy data digital 
signals. 

2. The system of claim 1, further Wherein said logical data 
layer converts said asynchronous data block into an actual 
logical data block corresponding to an ATM cell. 

3. The system of claim 1, further Wherein said logical data 
layer is con?gured such that When no actual operating 
system data is available for transmission, said logical data 
layer does not load any actual data logical blocks in said 
transmit data buffer. 

4. The system of claim 1, further Wherein said transmit 
data buffer includes a data transmit threshold value, such 
that When said transmit data buffer contains an amount of 
data less than said data transmit threshold value, said logical 
data layer is activated to determine if additional actual 
operating system data is available for transmission. 

5. The system of claim 1, Wherein said dummy data 
logical block is the same siZe as a single actual data logical 
block. 

6. The system of claim 1, Wherein said logical data layer 
is an ATM protocol routine executed by a processing device 
Within a computing system. 

7. The system of claim 6, Wherein said physical data layer 
is an ADSL physical layer routine executed by said process 
ing device. 

8. The system of claim 7, further Wherein said ADSL 
physical data layer routine is executed With a higher oper 
ating system priority or loWer latency than said ATM pro 
tocol routine. 

9. The system of claim 7, Wherein after sending a dummy 
data digital signal, said ADSL physical data layer routine 
checks said transmit data buffer to determine if any actual 
data logic block should be converted and transmitted. 

10. The system of claim 1, further Wherein a latency in 
said synchronous channel is no greater than a time required 
to transmit said dummy data logical block. 

11. The system of claim 1, further Wherein a latency in 
said synchronous channel is substantially independent of 
any latency inherent in said asynchronous operating system. 

12. The system of claim 1, further including a doWnstream 
transceiver front end circuit coupled to said physical data 
layer and being capable of converting said real data digital 
signals and said dummy data digital signals into real data 
analog signals and dummy data analog signals respectively 
for transmission through the synchronous channel to a 
second upstream transceiver. 

13. The system of claim 12, further including a second 
transmit data buffer coupled betWeen said physical data 
layer and said doWnstream transceiver front end circuit for 
storing data corresponding to said real data digital signals 
and said dummy data digital signals. 

14. The system of claim 13, further including a ?rst 
receive data buffer coupled betWeen said physical layer and 
said doWnstream transceiver front end circuit for storing 
data corresponding to received data digital signals from said 
upstream transceiver. 

15. The system of claim 14, further including a second 
receive data buffer coupled betWeen said physical data layer 
and said logical data layer for storing data corresponding to 
received data logical blocks from said upstream transceiver. 

16. The system of claim 1, Wherein said real time data 
channel is a data link transmitting data symbols in accor 
dance With ADSL transmission protocol standards. 
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17. A machine executable program for transmitting data 
betWeen a synchronously operated high data channel and an 
asynchronously operated operating system, said program 
comprising: 

a ?rst priority routine, said ?rst priority routine being 
con?gured such that: 

(a) said ?rst priority routine determines Whether there 
is actual data to be transmitted by such operating 
system; and 

(b) When actual data is to be transmitted: 

[1]said ?rst priority routine converts any such actual 
data into an actual data logical block; and 

[2]said ?rst priority routine buffers said actual data 
logical block; and 

[c] When no actual data is to be transmitted, said ?rst 
priority routine performs no further data transmis 
sion operations; 

a second priority routine, said second priority routine 
being con?gured such that: 

(a) When actual data is to be transmitted said second 
priority routine converts said actual data logical 
block into actual data digital signals for transmission 
in the high speed data channel; and 

(b) (b) When no actual data is to be transmitted, said 
second priority routine alternatively converts a 
dummy data logical block to dummy data digital 
signals for transmission in said real time data chan 
nel. 

Wherein latencies associated With the operating system 
transferring data to the data channel are substantially 
eliminated. 

18. The program of claim 17, Wherein said ?rst routine 
converts said actual data into ATM cells. 

19. The program of claim 17, Wherein said second routine 
converts said actual data logical block and said dummy data 
logical block into discrete multi-tone modulated signals 
compatible With an ADSL protocol used in said high speed 
channel. 

20. The program of claim 17, further Wherein said ?rst 
priority routine is activated When a number of actual data 
logic blocks to be transmitted falls beloW a predetermined 
threshold value. 

21. The program of claim 17, further Wherein said second 
routine has a higher priority for execution Within the oper 
ating system than said ?rst routine. 

22. The program of claim 17, further Wherein a latency in 
said high speed channel is no greater than a time required to 
transmit said dummy data logical block. 

23. The program of claim 22, further Wherein a latency in 
said high speed channel is substantially independent of any 
latency caused by said operating system. 

24. A method of transmitting data betWeen a synchronous 
data channel and an asynchronous operating system, said 
method comprising the steps of: 

(a) determining if there is actual data to be transmitted by 
the asynchronous operating system; 

(b) converting any such actual data into an actual data 
logical block; and 
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(c) buffering said actual data logical block; and 

(d) determining Whether an actual data logical block has 
been buffered; and 

(e) When an actual data logical block has been 
buffered, converting said actual data logical block 
into actual data digital signals for transmission in 
said synchronous data channel; and 

[ii] When no actual data logical block has been buffered, 
converting a dummy data logical block to dummy 
data digital signals for transmission in said Synchro 
nous data channel. 

25. The method of claim 24 Wherein actual logical data 
block corresponds to an ATM cell. 

26. The method of claim 24, further Wherein only actual 
data logic blocks are buffered. 

27. The method of claim 24, further Wherein a plurality of 
said actual data logical blocks are buffered; and further 
Wherein When a number of said plurality of actual data 
logical blocks falls beloW a predetermined threshold value, 
steps (a) through (c) are repeated. 

28. The method of claim 24, Wherein said dummy data 
logical block is the same siZe as a single actual data logical 
block. 

29. The method of claim 24, Wherein steps (a) through (c) 
are performed by a ?rst routine eXecuted by a processing 
device Within a computing system. 

30. The method of claim 29, Wherein steps (d) and (e) are 
performed by a second routine eXecuted by said processing 
device. 

31. The method of claim 30, further Wherein said second 
routine is eXecuted With a higher priority or loWer latency 
than said ?rst routine. 

32. The method of claim 29, Wherein after sending a 
dummy data digital signal at step (e)[ii], step (d) is repeated, 
and if no actual data logic block eXists, step (e)[ii] is 
repeated. 

33. The method of claim 24, further Wherein a latency in 
said synchronous channel is no greater than a time required 
to transmit said dummy data logical block. 

34. The method of claim 24, further Wherein a latency in 
said synchronous channel is substantially independent of 
any latency caused by said asynchronous time operating 
system. 

35. The method of claim 24, further including a step converting said real data digital signals and said dummy data 

digital signals into real data analog signals and dummy data 
analog signals respectively for transmission through the 
synchronous channel to a second upstream transceiver. 

36. The method of claim 35, further including a step (g): 
buffering data corresponding to said real data digital signals 
and said dummy data digital signals. 

37. The method of claim 36, further including a step (h): 
buffering data corresponding to received data digital signals 
from said upstream transceiver. 

38. The method of claim 37, further including a step (i): 
buffering data corresponding to received data logical blocks 
from said upstream transceiver. 
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39. The method of claim of claim 24, Wherein said 
synchronous data channel is a data link transmitting data 
symbols in accordance With ADSL transmission protocol 
standards. 

40. Amethod of reducing latency in a softWare transceiver 
betWeen an operating system and a high speed data channel 
both coupled to such transceiver, said method comprising 
the steps of: 

(a) executing a ?rst priority routine running in the oper 
ating system to determine if there is actual data to be 
transmitted by such operating system; 

(b) When actual data is to be transmitted said ?rst 
priority routine: 

[1] converts any such actual data into an actual data 
logical block; 

[2] buffers said actual data logical block; and 

[ii] When no actual data is to be transmitted, said ?rst 
priority routine performs no further data transmis 
sion operations; 

(c) executing a second priority routine running in the 
operating system such that: 

[i] said second priority routine converts said actual data 
logical block into actual data digital signals for 
transmission in the high speed data channel; 

[ii] said second priority routine converts a dummy data 
logical block to dummy data digital signals for 
transmission in said real time data channel to main 
tain a continuous data stream in said high speed data 
channel. 

Wherein latencies associated With the operating system 
transferring data to the data channel are substantially 
eliminated. 

41. The method of claim 40, Wherein said actual data 
logical blocks include ATM cells. 

42. The method of claim 40, Wherein said actual data 
digital signals are discrete multi-tone modulated signals 
compatible With an ADSL protocol used in the channel. 

43. The method of claim 40, further Wherein said ?rst 
priority routine is activated When a number of actual data 
logic blocks to be transmitted falls beloW a predetermined 
threshold value. 

44. The method of claim 40, further Wherein said second 
routine is eXecuted With a higher priority than said ?rst 
routine. 

45. The method of claim 40, further Wherein a latency in 
said high speed channel is no greater than a time required to 
transmit said dummy data logical block. 

46. The method of claim 45, further Wherein a latency in 
said high speed channel is substantially independent of any 
latency associated With said operating system. 

* * * * * 


