
ADAPTIVE RECEPTION TECHNIQUES FOR  OVER-SAMPLED
RECEIVERS 5 FIELD OF INVENTION [001] The invention
pertains in general to data reception over digital
transmission  links, and in particular to digital
receivers that offer robust and adaptive operation in
the presence of deterministic and non-deterministic
jitter. 10 BACKGROUND OF THE INVENTION [0021
High-speed digital communication represents an
increasingly important  technology. An increasing
number of analog communication links are replaced with
high-speed serial links offering reliability, link
quality (e.g. low Bit Error Rate  (BER)), simplicity
of use and low cost to end users. 15 [003] For
example, modem computer displays and High-Definition
Television  (HDTV) displays often employ high-speed
serial links based on industry standards  such as
Digital Visual Interface (DVI) and High Definition
Multimedia Interface  (HDMI). The aggregate data rate
for such links is generally in the Gigabits/second
ranger For example, the DVI link baud rate approaches
5 Gigabaud, with many  20 vendors offering products
exceeding this limit by non-trivial margins. [004]
Another example is a serial Advanced Technology
Attachment (ATA) interface  for connecting storage
devices in computer systems. This application also
requires  data rates of about 2 Gigabits/second and
above. [005] Still other examples are high-speed Local
Area Network (LAN) applications  25 such as Gigabit
Ethernet (such as 1000Base-T) as well as emerging
10-Gigabit  Ethernet (1OGBASE-T)standards. [006] The
links underlying these and similar examples have many
common  requirements. They require high-speed
operation, an ability to tolerate substantial
deterministic and/or non-deterministic data jitter, an
ability to tolerate substantial 30 frequency offset
and/or frequency modulation (FM), good effective BER,
an ability to  operate with small horizontal eye
openings (for example a 0.4 unit interval (UI) eye
width specification is not uncommon), high tracking
bandwidth, fast phase acquisition  l and good tracking
range, to name a few. [007] One popular implementation
of a receiver for such a high-speed serial link is  



based on receiver data over-sampling combined with so
called `Phase picking' to  select 'good' sample
streams. Common DVI link implementations use an over 5
sampling factor of L 3, and data sampling is often
done without any phase tracking.  Once the
over-sampled data stream is available, the phase
picker retains one sample  out of L samples by using
some type of phase tracking approach (such as
transition  phase averaging) in order to select the
optimal sample. 1 [008] While such a technique is
relatively simple and inexpensive to implement, it  10
suffers from a variety of problems. For instance, some
line codes employed today  have very wide frequency
spectrums (i.e. poor run length (d,k)-constraints).
This  problem is especially acute for DVI/HDMI links
which can have runs from 1 to 14  symbols. For reasons
of stability and robustness, phase pickers have to
operate with  relatively narrow tracking bandwidths.
The downside of such an approach is an 15 inability to
track deterministic jitter present in the over-sampled
data. Narrow  tracking bandwidth also places
limitations in settling speeds (i.e. phase acquisition
times), causes poor transient performance and
sometimes narrows the capture range.  [009] One
fundamental problem of the phase picking approach is
its inability to use  all available over-sampled data
in the detection process. Common phase picker 20
implementations simply discard L-1 samples for each
symbol, retaining just one out  of L received samples.
Hence, the over-sampled data is used only for phase
tracking  and not for data detection. Thus, the phase
picker discards many data samples which  carry useful
information about the symbol which is being decoded.
In common  DVI/HDMI implementations, about 2/3 of the
information available to the receiver is  25 simply
discarded. [0010] If the data rate is moderate and the
eye opening is adequate, such as when the  link
employs a short high-quality Shielded Twisted Pair
(STP) cable, the loss caused  by such a phase picking
approach is tolerable and makes for an inexpensive
receiver  implementation. However, once the data rate
is increased and/or a longer or lower 30 quality cable
is used, such as an Unshielded Twisted Pair (UTP)
cable, the available  eye width becomes smaller and
receiver performance begins to degrade rapidly.
[0011) For example, it can be shown that such a
traditional phase-averaging phase  picker requires an
eye opening that is greater than 2 sampling intervals
in order to 2 



reliably detect data symbols. In case of a common
implementation using L=3  samples, this implies that
the eye width should be at least 0.7UI if data errors
due to  phase picking are to be avoided. Such a
limitation is quite acceptable at low speeds  and/or
short transmission distances, but becomes an expensive
luxury at higher data 5 rates and often requires good
equalization and pre-emphasis techniques which are
relatively expensive. [00121 In addition, many
traditional phase picking approaches are difficult to
implement at high speeds and/or high over-sampling
factors because they generally do  not provide an easy
way for parallel-processing of the samples. From a
receiver 10 implementation standpoint, it is often
desirable to have the receiver complexity  depend
linearly on the over-sampling factor, thus providing
for narrower eye  specification. Many existing phase
picking methods do not exhibit such a linear  increase
in complexity and instead grow with the square of the
over-sampling factor  or even more. 15 [00131 An
alternative class of receivers well known in the art
is represented by so  called `Majority Voting'
over-sampled receivers. This technique was widely used
in  the past for low speed links and offers some
linear and/or non-linear filtering of the  data, often
improving the robustness and BER of the link, provided
a good eye  opening is available, such as an eye
opening of 0.9UI or wider. Such receivers are 20 also
inexpensive to implement, which is an important reason
for their popularity in the  pasta However, once the
eye opening begins to shrink, as is common is today's
high- speed serial links, the performance of such a
`Majority Voting' receiver quickly  becomes
unsatisfactory. Furthermore, in general such a
receiver has difficulty  handling data streams with
high frequency offset and frequency modulation, as
well as  25 data streams with high non-deterministic
jitter. [00141 Compared to traditional 'analog' clock
and data recovery (also known as  CDR) techniques,
data detections and/or phase tracking in the digital
domain often  have the advantages of portability
between different fabrication processes, simple
design and low cost. In addition, many non-linear
detection and/or filtering methods 30 that might be
unavailable for analog implementation are often
inexpensive to  implement in the digital domain.
Furthermore, even though conventional analog  CDR
often provides good phase tracking performance, it
seldom contributes to  



improved data detection per se; most analog CDRs have
a simple sampler for data  3 detection that takes just
one sample per symbol. Thus, if substantial eye
closure due  to high deterministic jitter is present,
analog CDR performance becomes  unsatisfactory. [0015]
In general, the best receiver operation performance
may be achieved if every  5 symbol is detected (i.e.
sampled) at the point of maximum eye opening height.
However, such a sampling point is difficult, and often
impossible, to find. In order to  determine an
`optimal' sampling point, a receiver usually consults
data transitions for  guidance. However, such data
transitions generally do not occur right at symbol
boundaries. Their position is affected by
deterministic jitter (caused by inter-symbol 10
interference (ISI) determined by the history of
preceding symbols), non-deterministic  jitter
introduced by noise in various components of the
transmission system (such as s i  clock generator
phase noise, imprecise slicing of signal by sampler
resulting in [ amplitude and time offsets, additive
and multiplicative channel noise, etc.), crosstalk-
induced jitter and frequency offset and frequency
modulation often present in such a  15 link. In
addition, the link often suffers from nonlinear
distortions that further  complicate reception. [0016]
Because the location of transitions may not provide
reliable information  regarding an optimal sampling
point for the current symbol, the receiver may attempt
to filter the sampling phase information derived from
the observation of the 20 transitions in order to
arrive at some acceptable sampling phase. For
instance, many  existing implementations apply either
a linear filter with low-pass transfer
characteristics or some nonlinear filter with noise
suppression properties (e.g. a  median filter).
However, the sampling phase position obtained with
such a method is  often non-optimal in the
symbol-by-symbol sense. This is because it is
difficult to 25 separate deterministic components
(such as ISI and crosstalk) from pure non-
deterministic phase noise and frequency offset. While
non-deterministic phase noise  should be filtered out
(i.e. suppressed), the deterministic part as well as
the frequency  offset should be tracked in order to
provide good receiver performance. A filtering
approach is often unable to make such a distinction
and thus, overall detection  



30 performance suffers. [0017] There are other
well-known methods that attempt to improve the
performance,  such as sequence detection method based
on the Viterbi Algorithm (VA) and its  modifications,
as well as feedback detection schemes and Decision
Feedback  4 Equalization (DFE). These approaches work
well and allow to account for ISI and  other
deterministic components, thus improving overall
performance and simplifying  the sampling phase
tracking task (since it now only needs to handle
non-deterministic  parts as well as frequency
offsets). However, sequence-detection based methods
often 5 are complex and expensive to implement,
generally requiring multi-bit sampling (i.e.
analog-to-digital conversion (ADC)) and extensive
computations on a symbol-by- symbol basis. Once the
data rate starts to approach the Gigabit/second range,
sequence detectors quickly become impractical. Even at
low rates, VD (Viterbi  Decoding) and DFE based
receivers are prohibitively expensive to implement. 10
[0018] Therefore, what is needed is a simple yet
efficient way to build a data receiver  with
over-sampled data reception which doesn't suffer from
the problems which  plague traditional phase pickers,
`Majority Voting' and analog CDR receivers. SUMMARY OF
THE INVENTION 15 [0019) A method performed by an
over-sampled sequence detector is disclosed that
operates on sampled data by tracking the detection
reliability of the sampled data. The  detector
separately analyzes sample sequences for different
sampling phases and then  picks a sample sequence that
allows for the most reliable detection. For the
different  sampling phases, the detector inspects some
amount of look-behind and look-ahead 20, information
in order to improve upon simple symbol-by-symbol
detection. In  addition, the over-sampled information
is used to further improve the detection  performance.
[0020] In another embodiment, an apparatus for
receiving data over a digital  transmission link
having a receiver for receiving a sequence of samples
generated  25 to represent an over-sampled sequence of
symbols, detecting a first and second symbol from the
first and second sample streams, and estimating a
channel response  length is disclosed. [0021] In still
another embodiment, an apparatus for receiving data
over a digital  



transmission link having a receiver for receiving a
sequence of samples generated to  30 represent a
sequence of over-sampled symbols, the sequence of
samples comprising a first and second sample stream
according to a first and second phase of the sequence
of samples, detecting a first and second symbol from
the first and second sample 5 streams, and examining a
first synchronization data field in the first sample
stream  and a second synchronization data field in the
second sample stream in order to  estimate a first and
second detection reliability of the first and second
symbols is  disclosed. 5 [0022] In still another
embodiment, an apparatus for receiving data over a
digital  transmission link having a receiver for
receiving a sequence of samples generated to
represent a sequence of over-sampled symbols, the
sequence of samples comprising a  first and second
sample stream according to a first and second phase of
the sequence  of samples, detecting a first and second
symbol from the first and second sample 10 streams,
wherein the detecting proceeds according to a
dynamically updated table  associating one or more
detection patterns Pattern, to one or more flags Flag;
, wherein  Flag, has a value indicating a difference
between a width of the symbol associated  with
Pattern, and an over-sampling rate L used to produce
the sequence of samples,  and adjusting one or more
equalizer parameters in order to reduce the flag
values is 15 disclosed. [0023] A computer-readable
medium having computer-executable instructions
recorded thereon for enabling a processor of a
computer system to process incoming  data over a
digital transmission link, the computer-executable
instructions including  receiving a sequence of
samples generated to represent an over-sampled
sequence of 20 symbols, detecting a first and second
symbol from the first and second sample  streams, and
estimating a channel response length. [0024] A
computer-readable medium having computer-executable
instructions  recorded thereon for enabling a
processor of a computer system to process incoming
data over a digital transmission link, the
computer-executable instructions including 25
receiving a sequence of samplesgenerated to represent
a sequence of over-sampled  symbols, the sequence of
samples comprising a first and second sample stream
according to a first and second phase of the sequence
of samples, detecting a first and  



second symbol from the first and second sample
streams, wherein the detecting  proceeds according to
a dynamically updated table associating one or more
detection 30 patterns Pattern; to one or more flags
Flag;, wherein Flag; has a value indicating a
difference between a width of the symbol associated
with Pattern; and an over- sampling rate L used to
produce the sequence of samples, and adjusting one or
more  equalizer parameters in order to reduce the flag
values. 6 BRIEF DESCRIPTION OF THE DRAWINGS [0025] The
present invention is illustrated by way of example,
and not by way of  limitation, in the figures of the
accompanying drawings and in which like reference  5
numerals refer to similar elements and in which:
[0026] Figure 1 is a top-level block diagram
illustrating a method and system for  reception of
data over a digital transmission link, in accordance
with an embodiment  of the present invention. [0027]
Figure 2 is a flow chart illustrating a method for the
reception of data over a  10 digital transmission
link, in accordance with an embodiment of the present
invention.  [0028] Figure 3 is a top-level block
diagram illustrating a data detector, in accordance
with an embodiment of the present invention. [0029]
Figure 4 is a block diagram illustrating the Pattern
Analyzer, in accordance  with an embodiment of the
present invention. 15 [0030] Figure 5 is a block
diagram illustrating a Pattern Analyzer Element, in
accordance with one embodiment of the present
invention. [0031] Figure 6 is a block diagram
illustrating the Elastic Buffer, in accordance with
one embodiment of the present invention. [0032] Figure
7 is a block diagram illustrating the Stream Switcher,
in accordance  20 with one embodiment of the present
invention. [0033] Figure 8 is a block diagram
illustrating the Elastic Buffer Controller, in
accordance with one embodiment of the present
invention. [0034] Figure 9 is a block diagram
illustrating an exemplary computer system  employed to
implement an embodiment of the invention. 25 DETAILED
DESCRIPTION OF THE INVENTION 



[0035] Reference will now be made in detail to a
particular embodiment of the  invention, examples of
which are illustrated in the accompanying drawings.
While  the invention will be described in conjunction
with the particular embodiments, it will 30 be
understood that it is not intended to limit the
invention to the described  embodiments. To the
contrary, it is intended to cover alternatives,
modifications, and  7 equivalents as may be included
within the spirit and scope of the invention as
defined  by the appended claims. [0036] When
over-sampled data is sent over a digital transmission
link, it is desirable  to use a digital receiver that
offers robust operation in the presence of
deterministic  5 and non-deterministic jitter. Due to
ISI, even though the over-sampled data repeats more
than one sample per bit (e.g. 3 times with an
exemplary over-sampling factor of  L=3), a bit value b
may not reach the receiver as a perfectly repeated
sample sequence  bbb, but may instead comprise values
in the sample sequence that are not equal to b.  For
example, a bit value of 0 may arrive unambiguously as
000, or it may arrive as 10 001, 100, 101, or any
other combination, depending on jitter. Hence, the
challenge is  to infer the symbol from a number of
samples which do not unanimously indicate the  symbol.
[0037] As noted above, one obvious approach is to use
a majority vote of the  samples. Unfortunately it does
not work in many cases, because it assumes  15
knowledge of symbol boundaries in the transmitted
stream of samples, which in itself is a challenge to
determine and keep track of. Another approach tracks
the phase of  the signal by examining transitions and
in some instances by implementing a tracking  loop.
However, phase tracking does not distinguish between
phase shifts which result  from non-deterministic
jitter affecting the ideal sampling g position (the
position of the 20 sampling clock with respect to the
symbol boundary) and therefore should be tracked,  and
phase shifts which are due to channel memory and do
not affect the ideal  sampling position and therefore
need not be tracked. A variant on phase tracking
involves an attempt desensitize the tracking loop to
changes in the channel by  modifying the bandwidth of
the tracking loop, based on the observation that
boundary 25 shifting due to ISI is a high-speed
process and happens at a rate higher than the
bandwidth of the tracking loop. While this approach
works well when dealing with  



low-frequency instabilities, such as problems related
to generator frequency or radio  link Doppler effects,
wide noise spectrums due to cable cross-talk and
high-frequency  jitters caused by slicers and Phase
Lock Loops (PLLs) limit the performance of phase  30
trackers. Therefore, it is desirable to improve the
performance of receivers. [0038] Figure 1 is a
top-level block diagram illustrating a method and
system for  reception of data over a digital
transmission link, in accordance with an embodiment
of the present invention. Transmitter 51 transmits
sampled data over channel 52.  8 Over-sampled sequence
Detector 100 (hereinafter also referred to as
"receiver")  receives and decodes the transmitted
signal. Detector 100 is based upon tracking the
detection reliability of the sampled data, instead of
tracking the optimal sampling  phase of the data. For
simplicity of illustration only and not by way of
limitation, one 5 or more exemplary embodiments are
disclosed having a link which employs a binary
alphabet, wherein each symbol assumes one of two
values, such +1 and -1, or 0 and  1. Therefore, one or
more embodiments are disclosed to operate at the rate
of one bit  per sample, and the over-sampling factor
is kept low and in many cases can be o- between 2 and
4 samples. However, these are not necessary conditions
for the  10 operation of the disclosed embodiments and
the invention is equally applicable to a  link with
more complex (non-binary) alphabets, and samples
comprising more than  one bit of information, as well
as higher over-sampling factors, can be handled
analogously. [0039] By way of example and not by way
of limitation, the operation of a detector  15 100 is
shown herein using an over-sampling factor of L = 3
and using single-bit  sampling. Unlike traditional
sequence detectors, the present detector 100
separately  analyzes sample sequences for different
sampling phases (with a nominal phase offset  of Ul)
and then picks a sample sequence that allows for the
most reliable detection.  For the different sampling
phases, the detector 100 inspects some amount of look
20 behind and look-ahead information (i.e. precursor
and post-cursor data) in order to  improve upon simple
symbol-by-symbol detection. In addition, the
over-sampled  information is used to further improve
the detection performance. This is in contrast  to
conventional `Phase Pickers' which often discard the
over-sampled data once the  sampling phase has been
decided upon. 



25 [0040] In terms of detection performance the
present invention is computationally  efficient, and
therefore can be successfully applied at data rates
and/or cost constraints  well beyond those currently
possible for traditional sequence detectors. [0041]
The detection performance can be further improved by
combining one or  more embodiments of the present
invention with transitions-driven phase tracking  30
(analog or digital). For example, phase noise and
frequency offset can be reduced by a tracking loop
while the ISI and large `phase hits' can be dealt with
by one or more  embodiments of the present invention.
In effect, slow phase variations as well as non- 9
deterministic phase noise are tracked by the narrow
bandwidth feedback loop, while  the over-sampled
detector 100 of the present invention handles
remaining phase  deviations (such as ISI). [00421
Figure 2 is a flow chart illustrating a method for the
reception of data over a  5 digital transmission link,
in accordance with an embodiment of the present
invention.  Starting at 12 with decoding the first
symbol, the method can be described in the  following
steps: }  For each sampling phase (out of a total of L
phases and starting at 14 with the  first phase), at
16, examine the samples over an observation window W.
This  10 window typically includes L samples
corresponding to the current symbol, as well as some
samples from the previous and next symbols. For
instance, for a  system with an over-sampling factor
of L = 3, a typical observation window W  may comprise
5 or 6 samples. In an example case of W = 5, one
.look-ahead  sample and one look-behind sample can be
used in addition to the L = 3 samples 15 from the
current symbol. In an example case of W = 6, two
look-behind samples  and one look-ahead sample can be
used in addition to the L = 3 samples for the  current
symbol, and similarly for other values of L and W.
Next at 18, perform detection of current symbol value
for each possible sampling  phase using the samples
selected above. Look-ahead and look-behind samples, as
20 well as past decisions for sample streams and/or
detector 100 output streams, may  be used to improve
the detection performance, as described below.  At 20,
estimate the detection reliability for each sampling
phase (i.e. assess the  decision uncertainty). 



At 22, select the sampling stream with the highest
detection reliability (i.e. having  25 the lowest
decision uncertainty). As described below, one or more
linear and/or  nonlinear filters can control the
selection process in order to avoid unnecessary
stream switching. Alternatively, symbol-by-symbol
switching without filtering  can be employed if needed
for a particular embodiment.  At 36, adjust 36 an
Elastic Buffer if it is determined at 32 that the
switching  30 process crosses symbol boundaries. In
general, a symbol boundary is crossed if  the absolute
value of the difference between the old and the new
phase is larger  than I UI. For example, for an
over-sampling factor of L = 3, such a crossing  10 '
occurs when a 0"-, 2 or 2 -* 0 transition has taken
place. For a larger over sampling factor such as L =
5, any of the following transitions will cause symbol
dropping or duplication: 0 4, 1 -* 4, 0 -* 3, 4 0, 4
-1, and 3 -4 0, since in  all these cases the
difference between the old and the new phase is 3 or
4, i.e. 5 larger than 2 UI (which is 2.5 in this
case). The Elastic Buffer is described below.
Alternatively, the current symbol pointers can be
adjusted for each sampling  stream in order to account
for boundary crossing.  At 38, repeat the above steps
for the remaining symbols in the stream.  [0043] The
above steps are described in more detail below. 10
[0044] The approach of the present invention is to
assume that the sampling phase is  correct and to try
to guess the value of the current symbol as well as to
estimate the  reliability of such a guess. Quite
often, every possible sampling phase will yield the
same symbol value. For instance, if the symbol stream
has a long run of symbols with  the same value (e.g.
with the value of 1) and the detector 100 is in the
middle of such 15 a run, the sampling phase is not of
concern because the detected value will be 1,
regardless of the phase. Furthermore, such a guess is
very reliable, i.e. the uncertainty  associated with
such a guess is zero. Although this is a trivial
example, it does  illustrate the fact that the
detector 100 does not always need to know the sampling
phase in order to correctly detect the symbol value.
20 [0045] As another example sequence having
phase-invariant detection results,  consider the
following example (in this example L = 3 and W = 5 ): 



Phase 0: 000.111.101.111.000, which is decoded as
01010 (see below).  Decoded Data:
--0-----0-----1----0-- Phase 1: 001-111.011.110.0,
which is also decoded as 01010. 25 Phase 2:
011.110.111.100.0, which is decoded as 1010x (i.e. 1
symbol early). [0046] In the above example, it was
possible to make the correct detection decision
regardless of the selected sampling phase, because all
three streams of detected data  are identical over the
four symbols shown. [0047] However, in the above
example, the detection reliabilities differ for the
30 different phases. For instance, the Phase 0 data
can be decoded reliably because all  symbols have a
pattern of samples which could represent only one
possible symbol  value. All but one symbol for Phase 0
have cleanly defined symbol boundaries. The  11
samples pattern 1.101.1 can also be decoded without
ambiguity because two adjacent  symbols of 1 are
separated by a single 0 sample. This corresponds to a
case with  relatively high ISI, which causes a rather
shallow zero peak, thus producing and  narrow symbol.
Thus, the sequence corresponding to Phase 0 is decoded
reliably and 5 has a cumulative "detection metric" of
0, indicating a low level of uncertainty. The  idea is
to assign decision metrics (hereinafter also referred
to simply as metrics) to  symbol sequences in order to
indicate their level of uncertainty, and to use these
decision metrics when decoding symbols from incoming
samples sequences. [ [00481 In contrast, the
reliability of guessing the data for the Phase 1 and
Phase 2  10 streams is lower than for the Phase 0
stream. Some samples patterns can appear  confusing
and ambiguous, and even if the sequence can be
detected without  ambiguity, the detection might be in
error in the presence of severe ISI combined with
phase jitter and/or frequency modulation of the data.
Thus, the metrics for the Phase 1  and Phase 2 streams
are set higher than for the Phase 0 stream, thereby
indicating the 15 increased uncertainty (or reduced
reliability) of the detection process for the Phase I
and Phase 2 streams. For example, both Phase 1 and
Phase 2 streams can be given a  metric of 2, as
compared to the 0 metric of the Phase 0 stream. [0049]
By way of illustration and not limitation, the
following section illustrates  some example detection
patterns proposed for an example implementation of the
20 receiver. 



Example data detection patterns for L=3 and W=5 [0050]
Among other embodiments, two embodiments of the
detector 100 will be  illustrated herein: one
implementation which uses a previously detected value
(i.e. a  value decided for a previous symbol), and one
implementation which does not use 25 such a previously
detected value. A scheme wherein a previous value is
used to  reduce uncertainty of detection of the
current symbol is herein called Decision  Feedback
Detection, or a DF scheme. Such a scheme improves
reliability of detection  (i.e. reduces BER) in some
cases at the expense of additional hardware. [0051]
The following table presents proposed detection
patterns for a DF detector.  30 Please note that in
order to conserve space (both here and in real
hardware), only the  first half of the table is
explicitly provided. Inverting the pattern bits as
well as the  detected values produces the second half.
Other compression schemes may be used in  order to
more succinctly represent the table data. 12 Pattern
Previous Value Metric Phase Value Pattern numbers  0
000 0 0 0 0 0 0/63 0 000 0 1 0 0 0 1/62  0 000 1 0 0 0
0 2/61  0 000 1 1 0 0 0 3/60  0 001 0 0 0 -1 1 4/59  0
001 0 1 0 -1 1 5/58  0 001 1 0 1 1 0 6/57 F i 0 001 1
1 1 1 0 7/56  00100 0 0 0 1 8/55  0 010 0 1 0 0 1 9/54
0 010 1 0 1 0 0 10/53  0 010 1 1 1 0 0 11/52  0 011 0
0 1 -1 1 12/51  0 011 0 1 0 1 0 13/50  0 011 1 0 1 -1
1 14/49  0 011 1 1 1 1 0 15/48  



01001 0 0 1 1 16/47  0 100 1 1 0 1 1 17/46  0 100 1 0
1 0 0 18/45  0 100 1 1 1 0 0 19/44  0 101 0 0 1 0 1
20/43  0 101 0 1 1 0 1 21/42  0 101 1 0 1 0 1 22/41
01011 1 1 0 0 23/40  0 110 0 0 0 1 1 24/39  0 110 0 1
0 1 1 25/38  01101 0 1 1 1 26/37  01101 1 1 -1 0 27/36
01110 0 0 0 1 28/35  01110 1 0 0 1 29/34  01111 0 0 0
1 30/33  0 111 1 1 0 0 1 31/32  Table 1 [0052] In
Table 1, note that only the 4 patterns 0 0110, 0
011:1, 0 101 1and 0 110 1  (06, 07, OB and OD in
hexadecimal notation) are dependent upon the DF value
(shown  5 in the column named "Previous Value").
Therefore, it can be concluded that a  13 simplified
non-DF detector can be implemented with a reasonable
degradation of  detection quality for such patterns.
Stream selection [0053] Once the metrics are
calculated for the current symbol in each stream, the
5 stream selection can be made. Typically, some type
of filtering (such as Finite  Impulse Response (FIR),
Infinite Impulse Response (IIR) or nonlinear) can be
used in  order to maintain some desired amount of
phase coherence and in order to prevent  rapid
switching between detection streams, since such
switching can degrade  detection reliability. 10
[0054] The detector 100 can be made more accurate if a
past detection history of a  specified length is taken
into account before arriving at a decision to switch
to another  



stream. This is because several independent processes
such as ISI, phase jitter,  frequency modulation
and/or clock frequency offset, or other processes
affect the  symbol boundaries, as described
previously. Some processes such as jitter, and to a 15
certain extent ISI, have short phase coherence, i.e. a
high rate of change on a symbol- by-symbol basis. The
pattern decoder in each stream handles such short-term
shifts.  [0055] Other processes, such as frequency
offset or frequency modulation, generally  have a much
longer phase coherence period and thus are not
suitable for handling by  pattern detectors alone. In
such a case, stream switching is performed, thus  20,
accomplishing (indirectly) a sampling phase tracking.
[0056] In one embodiment for a DVI/HDMI application,
the filter can be simply  implemented as a moving
average taken on per-stream basis (i.e. L of 1- D
filters),  which is then followed by non-linear
thresholding. This prevents stream switching,  unless
the difference between the metrics of the current
stream and the candidate  25 streams is above a
specified application-dependent threshold. [0057] In
one embodiment, the candidate stream with the smallest
metric is selected.  However, other strategies might
be used as well. [0058] Before the symbol value is
finally selected, some adjustments of candidate
streams may have to be made with the help of an
Elastic Buffer, as described below.  30 Stream
switching and the role of the Elastic Buffer [0059] If
in the process of selection of a new candidate stream
the phase difference  between current and proposed
streams is greater than 2 (i.e. greater than a
one-half  14 UI phase jump), the detection process
crosses the symbols boundary. Unless the  detector 100
takes additional steps, erroneous detection may result
because of  duplication or dropping of one symbol (as
determined by the phase jump direction).  [0060] For
instance, when using a stream that is close to the
beginning of a UI (e.g. 41 5 the Phase 0 stream in a
system with an over-sampling factor of L = 3) and
selecting a  stream at the end of a UI (e.g. the Phase
2 stream in this case), the symbol boundary  will be
crossed and, unless necessary steps are taken, one
symbol will be lost (i.e.  dropped) in the detected
stream. [0061] Conversely, if the phase moves by
one-half of a UI or more in a backward  10 direction
(e.g. from the Phase 2 stream to the Phase 0 stream in
the above example),  



the symbol might be sampled twice, thus causing symbol
duplication in the detected  stream. [0062] One
possible solution to the above problem comprises
adding an Elastic  Buffer (EB) or, more generally,
adding a variable symbols delay, before the stream  15
selection is performed. In the case of a forward phase
move (e.g. from the Phase 0 stream to the Phase 2
stream in the above example) the length of the Elastic
Buffer  (i.e.the amount of delay) is reduced by one
symbol. Conversely, in the case of a  phase retardment
(e.g. from the Phase 2 stream to the Phase 0 stream in
the above  example), the length of the Elastic Buffer
is increased by one symbol. 20 [0063] Note that an
abstract Elastic Buffer (and variable delay) is used
in the above  discussion for the purpose of
illustration the concept only and is not intended as
limitation. Inpractical implementations, various
approaches can, used. For  instance, parallel
implementations can be used which are based on
multiplexers and  common shared registers that hold
several symbols worth of data. However, the 25
following description continues to use the notion of
an Elastic Buffer with the  understanding that a
practical receiver may use any implementation that
serves to  buffer and/or delay the data sufficiently.
[0064] The timing is such that the decoder calculates
the metrics and makes the  switch decision after the
detection of the current symbol is done. At this
point,  30 optionally, the length of the Elastic
Buffer is adjusted as well. However, the new candidate
stream is selected during the next symbol interval. In
other words, the  phase switching process can be
visualized as occurring in-between the symbol
detections, namely after the previous symbol has been
detected and before the next  15 symbol is processed.
Other implementations are possible. For instance, the
switching  can be done on the fly for the current
symbol, without any delay. However, such an  approach
may increase hardware complexity without significantly
improving the  detection quality in many practical
cases. 5 [0065] During an unsettled period of the
receiver operation, such as at startup or  when
establishing a new link connection, the Elastic Buffer
may reach an adjustment  { limit. In such a case, the
buffer (i.e. the amount of delay) may have to be
forcibly re centered, resulting in possible data loss.
Such re-centering prevents error propagation  



phenomena caused by the Elastic Buffer bouncing
against the adjustment limit and  10 causing multiple
errors due to an inability to compensate for
duplicated or dropped  symbols in case of crossing the
symbol boundary. [0066] The re-centering process works
by detecting a decrement of the Elastic Buffer  length
below zero (i.e. a request for a negative delay) or an
increment of the Elastic  Buffer length beyond the
maximum length limit. In both cases, the buffer length
(i.e. 15 the delay) is set to a pre-defined value.
This value maybe fixed or may optionally be
adaptively adjustable. [0067] In a simple
implementation with an ElasticBufferhaving a length
denoted  EBIeegtn EB1e,g,h , a fixed center value of 2
may be used. For example, for an EBIengh  of 7
symbols, the center value can be set to 3 symbols. 20
[0068] Alternatively, more elaborate implementations
can track the tendency of the  Elastic Buffer to
overflow and re-center it in order to provide more
space for buffering  in the direction of most likely
boundary crossings. For instance, if there is a
momentary positive frequency offset and the receiver
sampler lags behind the phase  of the incoming data,
the sampling phase may likely be advanced and
potentially 25 bump against the zero delay limit. In
such a case, the buffer can be re-centered to 3  of
the maximum delay in order to decrease the probability
of reaching the limit again  and causing data error.
Overall Architecture [0069] The architecture of an
exemplary implementation of the present data detection
30 method and system is now described. Figure 3 is a
top-level block diagram  illustrating a data detector
100, in accordance with an embodiment of the present
16 invention. Data detector 100 comprises a Pattern
Analyzer 110, Metrics Filter 130,  Stream Switcher
140, Elastic Buffer 120 and candidate stream selector
150. [0070] The incoming L -times over-sampled data
101 is fed into Pattern Analyzer  110. In this block,
the incoming data patterns are analyzed on a per-phase
basis, and  5 L candidate streams of values together
with detection metrics are produced. In addition, this
block may produce additional streams of side
information 152, such as  } sampling phase
estimations, quality of equalization measurements,
etc. The present  



discussion is limited to value (V) streams 111 and
metrics (M) streams 112. [0071] A total of L per-phase
metrics streams, hereinafter also called "raw
metrics",  10 are further processed by a Metrics
Filter 130 so as to suppress short-term instabilities
of the metrics values and exploit intrinsic coherence
of the metrics. The detector 100  in general attempts
to follow stable trends in the change of the candidate
streams'  quality, instead of selecting the streams on
a per-symbol basis. This is because the  metrics
estimation may not be reliable for every symbol in the
stream, and attempts to 15 track them on a per-symbol
basis (i.e. with symbol rate) may cause erroneous
and/or  unnecessary stream switching. The Metrics
Filter 130 block accomplishes these goals  and largely
determines the tracking dynamics of the entire
detector 100. [0072] Once the metrics streams have
been filtered (hereinafter also referred to as
"cooked" metrics), the L cooked metrics 131 are sent
to Stream Switcher block 140  20 which decides which
stream to select. Stream Switcher block 140 also
controls the length of the Elastic Buffer 120 in order
to adjust the buffering delay in the case of  symbol
boundary crossing. The candidate stream selection data
is sent by the "Phase- Select" signal 142 and the
Elastic Buffer 120 delay value is sent by the "Symbol-
Select" signal 141. 25 [0073] The Elastic Buffer block
120 delays candidate streams by the amount  specified
by the Stream Switcher 140. The L candidate streams
are delayed by the  same number of symbol intervals.
In a practical hardware implementation, the Elastic
Buffer block 120 can be implemented as a multi-tapped
shift register shared between  the candidate streams
and an array of multiplexers for selecting the
appropriate tap. 30 Other implementations are possible
as well, such as a shift register of variable length
for each stream. [0074] The delayed candidate streams
are applied to Candidate Stream Selector  (CSS) 150,
which retains one of the L streams and discards the
remaining data. The  17 retained stream represents the
output data stream 151 of the detector 100. An
important and advantageous aspect of the present
invention is the lack of feedback  loops in the
overall detector 100 topology. This facilitates highly
parallel detector 100  implementations and makes the
technology suitable for very high-speed operation,  5
such as Gigabit/second data rates and higher. 



Pattern Analyzer [0075] Figure 4 is a block diagram
illustrating the Pattern Analyzer 110, in  if
accordance with an embodiment of the present
invention. The incoming data samples  201 are sent
into Shift Register 210 having a specified delay. The
Shift Register 210  10 is long enough to hold LSR
samples, wherein: LSR =2L+NLB+NM-1 and wherein L is
the over-sampling factor, N" is the number of Look
Ahead (LA)  samples required for pattern analysis, NLB
is the number of Look Behind (LB)  samples, and LSR is
the minimum length (in samples) of the Shift Register
210. 15 [0076] For instance, in the example case of 3x
over-sampling and 5 samples pattern  analysis (i.e.
one LA and one LB sample, not including decision
feedback (DF)  samples), the Shift Register 210,
produces 7 samples in parallel. However, while this
particular exemplary embodiment using Shift Register
210 makes the operation easier  to understand, other
implementations are possible. For example, parallel
registers 20 with multiplexers can be used to
facilitate parallel processing of data (which might be
necessary at high data rates), and to reduce
complexity and/or power consumption.  [0077] From the
Shift Register 210, the samples 211 are sent to an
array of Pattern  Analyzer Elements 220, 230 ... 240.
For purposes of clarity, only the first two and the
last Pattern Analyzer Elements are shown in Figure 4.
Each Pattern Analyzer Element 25 220 ... 240 observes
the appropriate collection of samples presented to it
on a per- symbol basis, and estimates the most likely
detection value as well as estimation met- rics and
other side information (as required). As a result, L
pairs of candidate values  and their metrics are sent
out on lines 202 and 203, respectively. Pattern
Analyzer Elements 30 [0078] Figure 5 is a block
diagram illustrating a Pattern Analyzer Element, in
accordance with one embodiment of the present
invention. An incoming collection of  a total of LPA
NLB +L+NL,4 samples are received from the Pattern
Analyzer 110 on  18 line 301 and applied as an input
to Look Up Table (LUT) 310. In addition, the
previously decided upon value 321 is received from a
Register 320. The Register 320  is updated on a
per-symbol basis, i.e. once per detector cycle. [0079]
The Look Up Table 310 produces a value "V" 312, a
metric "M" 331, as well  



5 as additional side information 313 about phase,
equalization, etc. The Look Up Table  310 can be
implemented using a Read Only Memory (ROM) or using
random logic.  The candidate value "V" 312 is stored
in Register 320, to be used during the  E processing
of the next symbol. Elastic Buffer 10 [0080] Figure 6
is a block diagram illustrating the Elastic Buffer
120, in accordance  with one embodiment of the present
invention. A total of L candidate streams are
received on line 401 and shifted into an array of L
Shift Registers 410, 420 ... 430,  on a per-symbol
basis. Under the control of delay signal 402, the
appropriate tap of  each Shift Register 410, 420 430
is selected by a corresponding total of L 15
multiplexers 440, 450 ... 460. The outputs 441, 451
... 461 of the multiplexers 440,  450 ... 460 comprise
a collection of L candidate streams, appropriately
delayed and  sent out via signal 405. Other
implementations of the Elastic Buffer 120 are
possible,  such as a parallel load register shared
between the L streams using appropriate  multiplexers,
or other such implementations. 20 Stream Switcher.
[0081] Figure 7 is a block diagram illustrating the
Stream Switcher 140, in  accordance with one
embodiment of the present invention. Appropriately
filtered  (cooked) metrics M," are received from
Metrics Filter 130 on line 501. The cooked  metrics
are sent to an L -way Comparator 510 which compares
the incoming metrics 25 on a per-symbol basis and
determines which one of the L candidate streams
currently  has the highest likelihood of being
correct. In the present embodiment, the lower the
metric, the higher the probability that the decision
is correct regarding the candidate  value. Thus, in
such a case, the Comparator 510 may determine the
stream that has  the lowest cooked metric. The number
of such a stream is sent to Switch Filter 520  30 on
line 511. [0082] The Switch Filter (SF) 520 performs
linear and/or non-linear filtering so as to  avoid
switching the candidate streams for small short-term
changes in the metrics.  This generally improves
system operation. The filtering algorithm is dependent
on  19 the operational environment. Simple non-linear
schemes such as fixed or adaptive  thresholding work
well in many cases (such as DVI/HDMI implementations).
For  



example, stream switching can be done only when the
difference in metrics between  the currently used
stream and the proposed stream is bigger than a
specified   5 implementation-dependent value. f i  [
[0083] The currently determined candidate stream
selector "Phase-Select" is then sent out to the
Candidate Stream Selector block 150 on line 521. In
addition, the  Phase-Select signal is also sent to the
Elastic Buffer Controller (EBC) 530. The  Elastic
Buffer Controller 530 observes the changes in the
selected candidate stream 10 and adjuststhe Elastic
Buffer delay if the selection crosses the symbol
boundary in  any direction. The current amount of
necessary delay is sent out to the Elastic Buffer  120
on line 531. Elastic Buffer Controller [0084] Figure 8
is a block diagram illustrating the Elastic Buffer
Controller 530, in  15 accordance with one embodiment
of the present invention. The proposed candidate
stream number "Phase" 601 is received from Switch
Filter 520 and is delayed in  Register 610 by one
symbol, and the difference between current and
previous stream  numbers is determined by Subtractor
circuit 620 and Absolute Value circuit 630.  [0085]
The absolute value of the selector difference is the
sent on line 631 to two 20 way Comparator 640, which
determines whether the difference is greater than - ,
i.e.  larger than one-half of a symbol interval. If
so, the boundary crossing condition is  flagged on
line 641, enabling the adjustment of the value in
Delay Accumulator 680  with the help of AND-gates 660
and 670. [00861 The direction of the delay adjustment
is determined by two-way Comparator  25 650, which
determines whether the sampling is leading or lagging
the input data. In  the case of a boundary crossing,
the Delay Accumulator 680 value is incremented or
decremented, according to the results of the
comparison done by Comparator 650.  Re-centering Logic
690 checks for out-of-range delay values and resets
the value of  the Delay Accumulator 680 in such cases.
See above for a discussion of the re- 30 centering
process. 20 Adaptive Techniques and Extraction of
Adaptation Data [0087] While above-described
embodiments of the detector comprise tracking data  



detection reliability of the incoming over-sampled
data stream and offer ways of  implementing adaptive
receivers, there are further steps which can be taken
in order to 5 extend the adaptive behavior of such a
detector by using information available during  the
data detection process and adjusting receiver and/or
transmitter parameters in  order to further improve
the overall link performance. [0088] During their
operation, above embodiments of the detector analyze
the data  sample patterns and attempt to estimate
(i.e. guess) the data stream value, as well as  10
estimate the reliability of the guessed data value. It
is possible to extend the detector in such a way as to
estimate additional information about the data stream.
Examples  include estimating the sampling phase of the
data sample, as well as using the filtered  estimate
to adjust the static phase offset of the sampler in
order to minimize the offset.  Thus, the data
detection reliability can be improved by reducing the
amount of 15 uncertainty in one or more of the sample
patterns. Since the rate of change of the  static
phase offset is generally low, it is possible to
effectively track and eliminate the  phase offset, for
example using simple hardware or partially or even
entirely in  software. This approach represents just
one example of an adaptive technique which  { can be
used in an over-sampled receiver. 20 [0089] In
addition to the above examples, other pieces of
information can be  extracted by the detector during
its pattern analysis phase. In one embodiment, the
detector can form an estimate of the channel response
length by analyzing the  minimum and/or average symbol
width (in terms of the number of samples per  symbol).
For example, detecting a large number of narrow
symbols (i.e. symbols 25 which comprise fewer than L
samples, wherein L represents the oversampling
factor) may indicate that the channel response is not
properly equalized. In such a  case, the detector can
use this information to change one or more equalizer
parameters  in such a way as to reduce the number of
narrow symbols at the input of the detector.  Even
though the detector may not necessarily be able to
infer the sign of the mis 30 equalization, i.e. to
infer whether the channel response is over equalized
or under- equalized, the equalization curve often has
a well-defined minimum which can be  reached by making
small adjustments in both directions and determining
in which  direction the overall equalization improves.
21 



[0090] In another embodiment, the detector may attempt
to optimize the overall data  reception performance.,
For example, as long as the detector can estimate the
data  value reliably, i.e. with an acceptably high
probability of the value being correct, the
equalization can be traded for a reduction in the
amount of noise. In other words, [ 5 even if the
number of narrow symbols is large (indicating
substantial amount of ISI),  when the
non-deterministic jitter and/or frequency offset is
small, the detector may  detect the data with
acceptable reliability even in the presence of
mis-equalization.  Instead of boosting the equalizer
gain at higher frequencies in order to reduce the F i
channel response length, for example by adjusting the
response zero location of the 10 equalizer, the
receiver may instead avoid noise enhancement and keep
the channel  response long. In such a case, the
objective is the optimization of the overall receiver
performance rather than the optimization of its
separate components (such as the  equalizer). [0091]
In another embodiment, the detector may construct a
histogram of the symbol  15 lengths and use it to
distinguish narrow symbols caused by mis-equalization
from  narrow symbols caused by other factors such as
frequency offset and/or non- deterministic phase
jitter. Furthermore, since the estimated data value is
known to the  detector and therefore available for use
in the detection of post-cursor symbols (i.e. in  a
detection feedback architecture), a variety of
data-assisted adaptation methods can 20 be
implemented. As an example, in one embodiment the
detector may examine one  or more synchronization data
fields (such as a retrace interval in a DVI or HDMI
implementation) in one or more candidate streams and,
once detected, use such  synchronization information
to separately estimate the reliability of guessing the
values in the individual candidate streams. Note that
this is possible since the 2S transmitted data pattern
is known to the detector, thereby enabling the
detector to  discover incorrect guessing simply by
observing code violations and/or invalid sync
patterns. [0092] In other embodiments, the detector
may use techniques that are based on more  informative
metrics for the candidate streams. While single-bit
metrics are typically  30 used in non-adaptive
receiver implementations, multi-bit metrics may be
employed in an adaptive detector, making the
estimation of data detection reliability more precise



and using minimization of cumulative metrics for a
selected channel (or all candidate  channels) as an
adaptation criterion. 22 An Adaptive Decision Feedback
Detector Example [0093] To illustrate some of the
proposed adaptive techniques, an exemplary decision
feedback data detector will be now described. As
described above in an embodiment  of the detector, an
analysis table (such as Table 1) can be used to
provide data values 5 and metrics. While such a table
is sufficient to build a simple adaptive detector as
described above, the adaptation criterion is a minimum
filtered metrics value (over a  certain observation
window, for example 30 symbols) for the selected
candidate  stream. The detector may further attempt to
adjust the channel equalization and/or  impedance
matching in order to get the smallest accumulated
metrics. However, 10 although such a scheme might work
well enough for certain applications, more  elaborate
approaches offer better results. [0094] For example,
in one embodiment, in addition to metrics and data
values the  Pattern Analyzer table may provide phase
information as well as narrow symbols  indicators. As
previously, please note that in order to conserve
space herein as well as 15 in hardware, only the first
half of the following table is explicitly provided.
The  second half of the table is readily produced by
inverting the pattern bits as well as, the  detected
values. 23 Pattern Previous Value Metric Phase Value
Flag Pattern numbers  0 000 0 0 0 0 0 0 0/63 00000 1 0
0 0 0 1/62  0 0001 0 0 0 0 0 2/61  0 000 1 1 0 0 0 0
3/60  00010 0 0 -1 1 2 4/59  0 001 0 1 0 -1 1 2 5/58
0 001 1 0 1 1 0 0 6/57  0 001 1 1 1 1 0 0 7/56  00100
0 0 0 1 2 8/55  00100 1 0 0 1 2 9/54  



00101 0 1 0 0 2 10/53  00101 1 1 0 0 2 11/52  0 011 0
0 1 -1 1 1 12/51  00110 1 0 1 0 1 13/50  0 011 1 0 1
-1 1 0 14/49  0 011 1 1 1 1 0 0 15/48  0 100 1- 0 0 1
1 2 16/47  01001 1 0 1 1 2 17/46  01001 0 1 0 0 2
18/45  01001 1 1 0 0 2 19/44  01010 0 1 0 1 2 20/43  0
101 0 1 1 0 1 2 21/42  0 101 1 0 1 0 1 2 22/41  01011
1 1 0 0 2 23/40  0 110 0 0 0 1 1 1 24/39  0 110 0 1 0
1 1 1 25/38  01101 0 1 1 1 2 26/37  01101 1 1 -1 0 2
27/36  01110 0 0 0 1 0 28/35  01110 1 0 0 1 0 29/34
01111 0 0 0 1 0 30/33  0111 1 1 0 0 1 0 31/32 Table 2
- Adaptive DF detector patterns (L 3, W 5 ) 10095] In
Table 2, the narrow symbols are flagged If the symbol
is 2 samples wide,  5 the flag value is set to 1 (e.g.
see pattern 0 110 0); if the symbol is only 1 sample
24 wide, the flag value becomes 2 (e.g. see pattern 0
001 0). In general, the flag value is  set as follows:
Flag = L - Symbol Width [0096] The adaptive receiver
uses the filtered flags from a selected stream (or
from  5 all candidate streams) as an adaptation
criterion. Optionally, the equalizer can be  adjusted
until the filtered flag values become minimal. This
condition corresponds to  



good horizontal eye opening at the input to the data
detector and thus indicates good  equalization. [0097]
The Phase column can be used to adaptively compensate
for phase offset in  10 the samplers. For instance, a
filtered phase value (such as a moving average) can be
used to drive a delay line in the sampler's clocking
mechanism in order to adjust the  sampling phase with
respect to a recovered clock within a [O..Ts/L] range
(i.e. up to  nominal sampler spacing). Preferably, the
information from a selected candidate  stream is used
to adaptively adjust the sampling delay until the
filtered phase value is 15 as close to zero as
possible. This state may represent optimal sampling, a
condition  which can be further verified by reduced
metrics values from the selected stream.  [0098]
Figure 9 illustrates an exemplary computer system 300
employed to  implement an embodiment of the invention.
Computer system 300 includes one or  more central
processing units (CPU) 301, random access memory (RAM)
302, read 20 only memory (ROM) 303, one or more
peripherals 305, and primary storage devices  306 and
307. As is well known in the art, ROM acts to transfer
data and instructions  uni-directionally to the CPUs
301, while RAM is used typically to transfer data and
instructions in a bi-directional manner. CPUs 301 may
generally include any number  of processors. Both
primary storage devices 306 and 307 may include any
suitable 25 computer-readable media. A secondary
storage medium 308, which is typically a  mass memory
device, is also coupled bi-directionally to CPUs 301
and provides  additional data storage capacity. The
mass memory device 308 is a computer- readable medium
that may be used to store programs including computer
code, data,  and the like. Typically, mass memory
device 308 is a storage medium such as a hard 30 disk
or a tape which generally slower than primary storage
devices 306 and 307.  Mass memory storage device 308
may take the form of a magnetic or paper tape  reader
or some other well-known device. It will be
appreciated that the information  25 retained within
the mass memory device 308 may, in appropriate cases,
be  incorporated in standard fashion as part of RAM
302 as virtual memory. [0099] CPUs 301 are also
coupled to one or more input/output devices 309 that
may  include, but are not limited to, devices such as
video monitors, track balls, mice,  5 keyboards,
microphones, touch-sensitive displays, transducer card
readers, magnetic 



or paper tape readers, tablets, styluses, voice or
handwriting recognizers, or other  well-known input
devices such as, of course, other computers. Finally,
CPUs 301 are  coupled to a communication link or a
computer or telecommunications network 304,  such as a
digital transmission link, an Internet network or an
intranet network, using a 10 network connection as
shown generally at 304. With such a communication
link, it is  contemplated that the CPUs 301 might
receive information over the link from the  network,
or might output information over the link to the
network in the course of  performing the
above-described over-sampled data reception and/or
transmission  steps. Such information, which is often
represented as a sequence of instructions to 15 be
executed using CPUs 301, may be received from and
outputted to the network, for  example, in the form of
a computer data signal embodied in a carrier wave. The
above-described devices and materials will be familiar
to those of skill in the  computer hardware and
software arts. Computer system 300 receives one or
more  over-sampled data streams and processes them in
order to decode transmitted symbols 20 and perform
reception, detection and/or other processing steps
described above.  Computer instructions for performing
such reception, detection and/or other  processing
steps may be stored in the RAM 302, ROM 303, primary
storage devices  306 and 307, and/or any other
computer-readable media. [0100] Foregoing described
embodiments of the invention are provided as  25
illustrations and descriptions. They are not intended
to limit the invention to precise  form described.
Other variations and embodiments are possible in light
of above  teachings, and it is thus intended that the
scope of invention not be limited by this  Detailed
Description, but rather by Claims following. 26 WE
CLAIM: 1. A method for receiving data over a digital
transmission link, comprising:  receiving a sequence
of samples generated to represent an over-sampled
sequence of symbols; 5 detecting a first and second
symbol from the first and second sample streams;  and
estimating a channel response length. ![ 2. A method
as recited in Claim 1, wherein the estimating
comprises tracking a  



minimum symbol width or an average symbol width,
wherein symbol width is  10 represented by number of
samples per symbol. 3. A method as recited in Claim 2,
further comprising: adjusting an equalizer when the
number of symbols comprising fewer than L  samples
(narrow symbols) exceeds a threshold, thereby reducing
the number of  narrow symbols. 15 4. A method as
recited in Claim 3, wherein the adjusting comprises
making an  upward adjustment to an equalization
parameter and a downward adjustment to the
equalization parameter in order to determine in which
direction equalization  improves. 20 5. A method for
receiving data over a digital transmission link,
comprising:  receiving a sequence of samples generated
to represent a sequence of over- sampled symbols, the
sequence of samples comprising a first and second
sample  stream according to a first and second phase
of the sequence of samples; detecting a first and
second symbol from the first and second sample
streams;  25 and examining  a first synchronization
data field in the first sample stream and a  second
synchronization data field in the second sample stream
in order to estimate a  first and second detection
reliability of the first and second symbols. 6. A
method as recited in Claim 5, wherein the first and
second synchronization data  30 fields comprise a DVI
retrace interval or an HDMI retrace interval. 27 7. A
method for receiving data over a digital transmission
link, comprising:  receiving a sequence of samples
generated to represent a sequence of over sampled
symbols, the sequence of samples comprising a first
and second sample  stream according to a first and
second phase of the sequence of samples; 5 detecting a
first and second symbol from the first and second
sample streams,  wherein the detecting proceeds
according to a dynamically updated table associating
one or more detection patterns Pattern; to one or more
flags Flag" wherein Flag; has a  value indicating a
difference between a width of the symbol associated
with Pattern,  and an over-sampling rate L used to
produce the sequence of samples; and 10 adjusting one
or more equalizer parameters in order to reduce the
flag values.  



8. An apparatus for receiving data over a digital
transmission link, comprising: a receiver for: (a)
receiving a sequence of samples generated to represent
an over-sampled  15 sequence of symbols; (b) detecting
a first and second symbol from the first and second
sample  streams; and (c) estimating a channel response
length. 20, 9. An apparatus as recited in Claim 8,
wherein the estimating comprises tracking a  minimum
symbol width or an average symbol width, wherein
symbol width is  represented by number of samples per
symbol 10. An apparatus as recited in Claim 9, the
receiver further for: 25 (d) adjusting an equalizer
when the number of symbols comprising fewer than  L
samples (narrow symbols) exceeds a threshold, thereby
reducing the  number of narrow symbols. 11. An
apparatus as recited in Claim 10, wherein the
adjusting comprises making an  30 upward adjustment to
an equalization parameter and a downward adjustment to
the  equalization parameter in order to determine in
which direction equalization improves. 28 12. An
apparatus for receiving data over a digital
transmission link, comprising:  a receiver for: (a)
receiving a sequence of samples generated to represent
a sequence of over- sampled symbols, the sequence of
samples comprising a first and second sample 5 stream
according to a first and second phase of the sequence
of samples; (b) detecting a first and second symbol
from the first and second sample  streams; and (c)
examining a first synchronization data field in the
first samples stream and a  second synchronization
data field in the second sample stream in order to
estimate a  10 first and second detection reliability
of the first and second symbols. 13. An apparatus as
recited in Claim 12, wherein the first and second
synchronization  data fields comprise a DVI retrace
interval or an HDMI retrace interval. 15 14. An
apparatus for receiving data over a digital
transmission link, comprising:  



a receiver for: (a) receiving a sequence of samples
generated to represent a sequence of over- sampled
symbols, the sequence of samples comprising a first
and second sample  stream according to a first and
second phase of the sequence of samples; 20 (b)
detecting a first and second symbol from the first and
second sample  streams, wherein the detecting proceeds
according to a dynamically updated table  associating
one or more detection patterns Pattern, to one or more
flags Flag" wherein  Flag, has a value indicating a
difference between a width of the symbol associated
with Pattern; and an over-sampling rate L used to
produce the sequence of samples;  25 and (c) adjusting
one or more equalizer parameters in order to reduce
the flag  values. 15. A computer-readable. medium
having computer-executable instructions recorded  30
thereon for enabling a processor of a computer system
to process incoming data over a  digital transmission
link, the computer-executable instructions comprising:
receiving a sequence of samples generated to represent
an over-sampled  sequence of symbols; 29 detecting a
first and second symbol from the first and second
sample streams;  and estimating a channel response
length. 5 16. A computer-readable medium as recited in
Claim 15, wherein the estimating  comprises tracking a
minimum symbol width or an average symbol width,
wherein  symbol width is represented by number of
samples per symbol. 17. A computer-readable medium as
recited in Claim 16, the computer-executable  10
instructions further comprising: adjusting an
equalizer when the number of symbols comprising fewer
than L  samples (narrow symbols) exceeds a threshold,
thereby reducing the number of  narrow symbols. 15 18.
A computer-readable medium as recited in Claim 17,
wherein the adjusting  comprises making an upward
adjustment to an equalization parameter and a
downward adjustment to the equalization parameter in
order to determine in which  



direction equalization improves. 20 19. A
computer-readable medium having computer-executable
instructions recorded  thereon for enabling a
processor of a computer system to process incoming
data over a  digital transmission link, the
computer-executable instructions comprising: receiving
a sequence of samples generated to represent a
sequence of over- sampled symbols, the sequence of
samples comprising a first and second sample  25
stream according to a first and second phase of the
sequence of samples; detecting a first and second
symbol from the first and second sample streams;  and
examining a first synchronization data field in the
first sample stream and a  second synchronization data
field in the second sample stream in order to estimate
a  30 first and second detection reliability of the
first and second symbols. 30 20. A computer-readable
medium as recited in Claim 19, wherein the first and
second  synchronization data fields comprise a DVI
retrace interval or an HDMI retrace  interval. 5 21. A
computer-readable medium having computer-executable
instructions recorded  thereon for enabling a
processor of a computer system to process incoming
data over a  digital transmission link, the
computer-executable instructions comprising: receiving
a sequence of samples generated to represent a
sequence of over- sampled symbols, the sequence of
samples comprising a first and second sample  10
stream according to a first and second phase of the
sequence of samples; detecting a first and second
symbol from the first and second sample streams,
wherein the detecting proceeds according to a
dynamically updated table associating  one or more
detection patterns Pattern, to one or more flags Flag;
, wherein Flag1 has a  value indicating a difference
between a width of the symbol associated with Pattern,
15 and an over-sampling rate L used to produce the
sequence of samples; and adjusting one or more
equalizer parameters in order to reduce the flag
values.  31 


