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(57) Abstract: Various embodiments of the present in-
vention provide systems and methods for data processing.
For example, a data processing system is disclosed that
includes a decoder circuit providing a decoded output,
and a dynamic scalar calculation circuit that determines a
first dynamic scaling value and a second dynamic scaling
value based at least in part on the decoded output. A first
multiplier circuit multiplies the decoded output by the
first dynamic scaling value and provides a first scaled out-
put. A detector circuit receives the first scaled output and
provides a detected output. A second multiplier circuit
multiplies the detected output by the second dynamic
scaling value and provides a second scaled output.
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Systems and Methods for Dynamic Scaling in a Read Data Processing System

BACKGROUND OF THE INVENTION

[0001] The present inventions are related to systems and methods for detecting and/or
decoding information, and more particularly to systems and methods for performing multiple

data detection and decode processes.

[0002] Various data transfer systems have been developed including storage systems, cellular
telephone systems, and radio transmission systems. In each of the systems data is transferred
from a sender to a receiver via some medium. For example, in a storage system, data is sent
from a sender (i.e., a write function) to a receiver (i.e., a read function) via a storage medium.
The effectiveness of any transfer is impacted by any data losses caused by various factors. In
some cases, an encoding/decoding process is used to enhance the ability to detect a data error
and to correct such data errors. As an example, a simple data detection and decode may be
performed, however, such a simple process often lacks the capability to converge on a corrected

data stream.

[0003] To heighten the possibility of convergence, various existing processes utilize two or
more detection and decode iterations. Turning to Fig. 1, an exemplary prior art two stage data
detection and decode circuit 100 is depicted. Two stage data detection and decode circuit 100
receives a data input 105 that is applied to a detector 110. A hard and soft output from detector
110 is provided to an LDPC decoder 115. Input 105 is fed forward via a buffer 130 to another
detector 120. Detector 120 uses a soft output of LDPC decider 115 and input 105 to perform an
additional data detection process. A hard and soft output from detector 120 is provided to an
LDPC decoder 125 that performs a second decoding process and provides an output 135. Where
the initial detection and decode provided by detector 110 and LDPC decoder 115 does not
converge, the subsequent detection and decode provided by detector 120 and LDPC decoder 125
provide an additional opportunity to converge. In these systems, various scalars are designed

into the systems to massage data between various stages of the process. These scalars are either
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fixed at design time or are programmable static values that can be adjusted once the system is
deployed in a storage medium. In some cases, however, data from one stage to another stage

saturates limiting the capability of the system.

[0004] Hence, for at least the aforementioned reasons, there exists a need in the art for

advanced systems and methods for data processing.

BRIEF SUMMARY OF THE INVENTION

[0005] The present inventions are related to systems and methods for detecting and/or
decoding information, and more particularly to systems and methods for performing iterative

data decoding and/or detection.

[0006] Various embodiments of the present invention provide data processing systems. Such
data processing systems include a decoder circuit providing a decoded output, and a dynamic
scalar calculation circuit that determines a first dynamic scaling value and a second dynamic
scaling value based at least in part on the decoded output. A first multiplier circuit multiplies the
decoded output by the first dynamic scaling value and provides a first scaled output. A detector
circuit receives the first scaled output and provides a detected output. A second multiplier circuit
multiplies the detected output by the second dynamic scaling value and provides a second scaled

output.

[0007] In some instances of the aforementioned embodiments, the dynamic scalar calculation
circuit determines a number of saturated outputs in the decoded output. In some cases, the first
dynamic scaling value is set to a first default value when the number of saturated outputs exceeds
a threshold value; the first dynamic scaling value is set to a minimum value when the number of
saturated outputs is less than the threshold value; the second dynamic scaling value is set to a
second default value when the number of saturated outputs exceeds the threshold value, and the
second dynamic scaling value is set to a maximum value when the number of saturated outputs is
less than the threshold value. In other cases, having a number of saturated outputs exceeding a
threshold value is an out of bounds condition; an index corresponding to the number of
successive out of bounds conditions is determined; wherein the first dynamic scaling value is set

to a first scalar value corresponding to the index; and the second dynamic scaling value is set to a
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second scalar value corresponding to the index. In some such cases, the first scalar value and
second scalar value are maintained in a lookup table, and the index is a pointer into the lookup
table. In other cases, an index corresponding to the number of saturated outputs is determined;
the first dynamic scaling value is set to a first scalar value corresponding to the index; and the
second dynamic scaling value is set to a second scalar value corresponding to the index. In some
such cases, the first scalar value and second scalar value are maintained in a lookup table, and

the index is a pointer into the lookup table.

[0008] In other instances of the aforementioned embodiments, the dynamic scalar calculation
circuit determines a number of violated checks represented in the decoded output. In some
cases, the first dynamic scaling value is set to a first default value when the number of violated
checks is less than a first threshold value; the first dynamic scaling value is set to a minimum
value when the number of violated checks is greater than the first threshold value; the second
dynamic scaling value is set to a second default value when the number of violated checks is less
than a second threshold value, and the second dynamic scaling value is set to a maximum value
when the number of violated checks is greater than the second threshold value. In other cases,
having a number of violated checks less than a threshold value is an out of bounds condition; an
index corresponding to the number of successive out of bounds conditions is determined; the first
dynamic scaling value is set to a first scalar value corresponding to the index; and the second
dynamic scaling value is set to a second scalar value corresponding to the index. In some such
cases, the first scalar value and second scalar value are maintained in a lookup table, and the

index is a pointer into the lookup table.

[0009] Other embodiments of the present invention provide methods for data processing. The
methods include providing a decoder circuit that receives a first input and provides a decoded
output, and a detector circuit that receives a second input and provides a detected output. The
methods further include dynamically determining a first scaling value and a second scaling value
based at least in part on the decoded output; multiplying the decoded output by the first scaling
value to yield the second input; and multiplying the detected output by the second scaling value

to yield a product output.

[0010] Yet other embodiments of the present invention provide disk drive systems. Such disk

drive systems include a storage medium, and a read channel device receiving data derived from
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the storage medium. The read channel device includes a decoder circuit providing a decoded
output, and a dynamic scalar calculation circuit that determines a first dynamic scaling value and
a second dynamic scaling value based at least in part on the decoded output. A first multiplier
circuit multiplies the decoded output by the first dynamic scaling value and provides a first
scaled output. A detector circuit receives the first scaled output and provides a detected output.
A second multiplier circuit multiplies the detected output by the second dynamic scaling value

and provides a second scaled output.

[0011] This summary provides only a general outline of some embodiments of the invention.
Many other objects, features, advantages and other embodiments of the invention will become
more fully apparent from the following detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] A further understanding of the various embodiments of the present invention may be
realized by reference to the figures which are described in remaining portions of the
specification. In the figures, like reference numerals are used throughout several figures to refer
to similar components. In some instances, a sub-label consisting of a lower case letter is
associated with a reference numeral to denote one of multiple similar components. When
reference is made to a reference numeral without specification to an existing sub-label, it is

intended to refer to all such multiple similar components.
[0013] Fig. 1 depicts a prior art two stage data detection and decoding system;

[0014] Fig. 2 depicts a data processing circuit including dynamic scalars in accordance with

one or more embodiments of the present invention;

[0015] Fig. 3a shows a queuing detection and decoding circuit including dynamic scalars in

accordance with various embodiments of the present invention;

[0016] Fig. 3b shows another queuing detection and decoding circuit including dynamic

scalars in accordance with various embodiments of the present invention;
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[0017] Fig. 4 is a flow diagram showing a method in accordance with some embodiments of

the present invention for data processing using dynamic scaling;

[0018] Figs. 5a-5d are four flow diagrams showing different approaches for dynamically
calculating scaling factors in accordance with different embodiments of the present invention;

and

[0019] Fig. 6 shows a storage system with dynamic scaling in accordance with various

embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present inventions are related to systems and methods for detecting and/or
decoding information, and more particularly to systems and methods for performing iterative

data decoding and/or detection.

[0021] Various embodiments of the present invention provide compact hardware solutions for
decoding suitable for read channel, wireless transmission and other applications. Such
decoding/detection circuitry includes a soft decision decoder providing data to a data detector.
The output from the soft decision decoder is scaled by a first scalar before being provided to the
data detector, and the output of the data detector is scaled by a second scalar. The first scalar and
the second scalar are dynamically calculated based upon the output of the soft decision decoder.
As one advantage, such an approach may be used to reduce saturation, and thereby increasing the
probability that the decoding/detection circuitry will converge on the desired result. Saturation is
the number of soft decisions provided by a decoder circuit that are equal to or exceed a

maximum.

[0022] Turning to Fig. 2, a data processing circuit 200 including dynamic scalars is depicted in
accordance with one or more embodiments of the present invention. Data processing circuit 200
includes a series of data detector circuits and data decoder circuits that provide for multiple pass

processing of a received data input. In particular, data input 201 is received by a data detector
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circuit 210. Data detector circuit 210 may be any data detection circuit known in the art. For
example, in one particular embodiment of the present invention, data detector circuit 210 is a
maximum a posteriori (MAP) detector as are known in the art. Based upon the disclosure
provided herein, one of ordinary skill in the art will recognize a variety of other types of detector
circuits and/or algorithms that may be used in relation to different embodiments of the present
invention. Data detector circuit 210 performs a data detection process on data input 205 and

provides a detected output 213.

[0023] Detected output 213 is multiplied by a scaling factor 214 (a) using a multiplier circuit
212. A product output 211 from multiplier circuit 212 is provided to a decoder circuit 215.
Decoder circuit 215 may be any circuit capable of applying a decoding algorithm to a received
input. In some particular embodiments of the present invention, decoder circuit 215 is a low
density parity check (LDPC) decoder circuit as are known in the art. Based upon the disclosure
provided herein, one of ordinary skill in the art will recognize a variety of decoder circuits that
may be used in relation to different embodiments of the present invention. Scaling factor 214 is
a static value selected either at design time or programmable at the time that data processing
circuit 200 is deployed. Scaling factor 214 is designed to scale detected output 214 to maintain

the operation of decoder circuit 215 in an unsaturated region.

[0024] Decoder circuit 215 provides a decoded output 218. Decoded output 218 is multiplied
by a dynamic scaling factor 264 (Bx) using a multiplier circuit 217. A product output 216 from
multiplier circuit 217 is provided to a data detector circuit 220 that uses the original input 205
delayed through a delay circuit 250 to align it in time with product output 216. Data detector
circuit 220 may be any data detection circuit known in the art. For example, in one particular
embodiment of the present invention, data detector circuit 220 is a maximum a posteriori (MAP)
detector as are known in the art. Based upon the disclosure provided herein, one of ordinary skill
in the art will recognize a variety of other types of detector circuits and/or algorithms that may be
used in relation to different embodiments of the present invention. Data detector circuit 220

performs a data detection process on product output 216 and provides a detected output 223.

[0025] Detected output 223 is multiplied by a scaling factor 262 (0y) using a multiplier circuit
222. A product output 221 from multiplier circuit 222 is provided to a decoder circuit 225. A

dynamic scalar computation circuit 260 calculates scaling factor 264 and scaling factor 262 using
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decoded output 218. In particular, dynamic scalar computation circuit 260 receives an indication
of the number of parity checks for the codeword currently processed by decoder circuit 215 that
remain violated. This number is referred to herein as the violation count. Further, dynamic
scalar computation circuit 260 counts the number of bit periods in decoded output that are
saturated (i.e., have a value equal to the maximum achievable value). This value is referred to as
the saturation count. Dynamic scalar computation circuit 260 compares the violation count with
a threshold value 292 and compares the saturation count with another threshold value 294. In
some embodiments, both threshold value 292 and threshold value 294 are programmable. The
values of scaling factor 262 and scaling factor 264 are updated if either the violation count is less
than threshold value 292 or if the saturation count is greater than threshold 294. The following

pseudocode describes the update condition:

If (violation count < threshold 292 || saturation count > threshold 294) {

Update Scaling Factors
}
Else {

Maintain Scaling Factors
}

In an exemplary case, dynamic modification of scaling factor 262 and scaling factor 264 is only
done whenever there is a significant number of saturated soft decisions.
[0026] Whenever an update is called for, updating scaling factor 262 and scaling factor 264 may
be done in one a variety of ways depending upon the particular implementation. Initially, scaling
factor 262 and scaling factor 264 are set equal to default values. The following pseudocode
describes the initial condition:

Scaling Factor 264 = Baefaulr; and

Scaling Factor 262 = Qgefauit-
The default values, Bacfault and Qdetauir May be hard coded at design time, or may be programmable
allowing for update depending upon a particular deployment of data processing circuit 200. The
default values, Bgefault and Odefaure May be selected to provide good performance with only minimal
saturation. In one embodiment, upon a decision to update the value of scaling factor 262 and
scaling factor 264, scaling factor 262 and scaling factor 264 are modified to be minimum value
scaling factors in accordance with the following pseudocode:

If (violation count < threshold 292 || saturation count > threshold 294) {
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Scaling Factor 264 = Buinimum; and
Scaling Factor 262 = Ouinimum

}

Else {
Scaling Factor 264 = Bgefau; and
Scaling Factor 262 = Ogefault

}

The values of Bminimum and Ominimum are may be hard coded at design time, or may be
programmable allowing for update depending upon a particular deployment of data processing
circuit 200. The default values, Bminimum and Ominimum May be selected to provide good
performance but with values set to avoid some saturation allowed by the default scaling factors.
Other examples of dynamic modification of scaling factor 262 and scaling factor 264 are
discussed below in relation to dynamic scalar computation circuit 260.

[0027] Decoder circuit 225 may be any circuit capable of applying a decoding algorithm to a
received input. In some particular embodiments of the present invention, decoder circuit 225 is a
low density parity check (LDPC) decoder circuit as are known in the art. Based upon the
disclosure provided herein, one of ordinary skill in the art will recognize a variety of decoder
circuits that may be used in relation to different embodiments of the present invention. Decoder
circuit 225 provides a decoded output 228. Decoded output 228 is multiplied by a dynamic
scaling factor 269 (By) using a multiplier circuit 227. A product output 226 from multiplier
circuit 227 is provided to a data detector circuit 230 that uses the original input 205 delayed
through a delay circuit 252 to align it in time with product output 226. Data detector circuit 230
may be any data detection circuit known in the art. For example, in one particular embodiment
of the present invention, data detector circuit 230 is a maximum a posteriori (MAP) detector as
are known in the art. Based upon the disclosure provided herein, one of ordinary skill in the art
will recognize a variety of other types of detector circuits and/or algorithms that may be used in
relation to different embodiments of the present invention. Data detector circuit 230 performs a
data detection process using product output 226 and provides a detected output 233. Detected
output 233 is multiplied by a scaling factor 267 (Qy) using a multiplier circuit 232. A product
output 231 from multiplier circuit 232 is provided to a decoder circuit 235. Decoder circuit 235
may be any circuit capable of applying a decoding algorithm to a received input. In some
particular embodiments of the present invention, decoder circuit 235 is a low density parity

check (LDPC) decoder circuit as are known in the art. Based upon the disclosure provided
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herein, one of ordinary skill in the art will recognize a variety of decoder circuits that may be
used in relation to different embodiments of the present invention. Product output 231 is

decoded using LDPC decoder 235 to provide a final output 240.

[0028] A dynamic scalar computation circuit 270 calculates scaling factor 269 and scaling
factor 267 using decoded output 228. Dynamic scalar computation circuit 270 operates similar
to dynamic scalar computation circuit 260, except that it receives a feed forward signal 263 from
dynamic scalar calculation circuit 260 allowing for various incremental operational modes. In
particular, dynamic scalar calculation circuit 270 receives decoded output 228 and based thereon
determines whether an update of scaling factor 267 and scaling factor 269 is to occur. Similar to
dynamic scalar calculation circuit 260, a update is done if either the violation count (derived
from decoded output 228) is less than threshold 292 or the saturation count (derived from
decoded output 228) is greater than threshold 294. The following pseudocode describes the

update condition:

If (violation count < threshold 292 || saturation count > threshold 294) {

Update Scaling Factors
}
Else {

Maintain Scaling Factors
}

In an exemplary case, dynamic modification of scaling factor 267 and scaling factor 269 is only

done whenever there is a significant number of saturated soft decisions.

[0029] Where an update is to be done, it may be done using the approach described above in
relation to dynamic scalar calculation circuit 260. Initially, scaling factor 267 and scaling factor
269 are set equal to default values. The following pseudocode describes the initial condition:
Scaling Factor 269 = Bdefaulr; and
Scaling Factor 267 = Qgefauit-
Again, the default values, Bdefauir and Ogefauie may be hard coded at design time, or may be
programmable allowing for update depending upon a particular deployment of data processing
circuit 200. The default values, Byefault and Odefaure May be selected to provide good performance

with only minimal saturation. In one embodiment, upon a decision to update the value of scaling
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factor 267 and scaling factor 269, scaling factor 267 and scaling factor 269 are modified to be
minimum value scaling factors in accordance with the following pseudocode:

If (violation count < threshold 292 || saturation count > threshold 294) {
Scaling Factor 269 = Bmaximum; and
Scaling Factor 267 = Ominimum

}

Else {
Scaling Factor 269 = Byefaulr; and
Scaling Factor 267 = Ogefault

}

Again, the values of Bmaximum and Ominimum are may be hard coded at design time, or may be
programmable allowing for update depending upon a particular deployment of data processing
circuit 200. The default values, Bmaximum and Ominimem May be selected to provide good

performance but with values set to avoid some saturation allowed by the default scaling factors.

[0030] Other examples of dynamic modification of scaling factor 267 and scaling factor 269
involving feed forward signal 263 may also be used. Such approaches allow for modification of
scaling factor 267 and scaling factor 269 based upon the results of dynamic scalar factor circuit
260. For example, the values of scaling factor 262 and scaling factor 264, and scaling factor 267
and scaling factor 269 are incrementally modified each successive time a need to update is
indicated. Thus, for example, where an update is indicated, dynamic scalar computation circuit
260 selects a value for scaling factor 262 and scaling factor 264 based on an incremental value
i=1, and a feed forward signal 263 is asserted to dynamic scalar computation circuit 270. Where
an update condition remains based upon decoded output 228, the incremental value i=2 is
selected for the next iteration of scaling factor 267 and scaling factor 269. In doing this, a
lookup table may be used that includes successive values for scaling factor 262 and scaling
factor 264, indexed by i; and scaling factor 267 and scaling factor 269, also indexed by i. The
lookup table values may be defined at design time or may be programmable. The following
pseudocode describes incremental modification of scaling factor 262 and scaling factor 264, and
scaling factor 267 and scaling factor 269:

/*at a first instant in time where decoded output 218 is available for a given codeword*/

If (violation count < threshold 292 || saturation count > threshold 294) {
i=1;

Scaling Factor 264 = 3(i);
Scaling Factor 262 = d(i); and

10
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Feed Forward Signal 263 = asserted

}
Else {

i=0

Scaling Factor 264 = Baefault;

Scaling Factor 262 = Qgefayy; and

Feed Forward Signal 263 = de-asserted
}

/*at a second instant in time where decoded output 228 is available for the given codeword*/
If (violation count < threshold 292 || saturation count > threshold 294) {
If (Feed Forward Signal 263 == asserted){
1=2;
Scaling Factor 269 = 3(i); and
Scaling Factor 267 = d(i);

}
Else{
i=1;
Scaling Factor 269 = 3(i); and
Scaling Factor 267 = d(i);
}
Else {
1i=0
Scaling Factor 269 = Bdefaulr; and
Scaling Factor 267 = Qgefault
}

In this case, B(i+1) is greater than B(i) and a(i+1) is less than a(i). In this way, the value of
scaling factor 262 and scaling factor 264, and scaling factor 267 and scaling factor 269 can be
modified incrementally based upon a prior result.

[0031] In yet another embodiment, the values of scaling factor 262 and scaling factor 264, and
scaling factor 267 and scaling factor 269 are incrementally modified each successive time a need
to update is indicated, with the magnitude of the increment being controlled not by a predefined
increase in the incremental value (e.g., increasing I from one to two), but by an incremental
increase corresponding to the value of the saturation count for the particular stage. To do this,
lookup table may be used that includes successive values for scaling factor 262 and scaling
factor 264 indexed by [; and scaling facto 267 and scaling factor 269 also indexed by i. The
lookup table values may be defined at design time or may be programmable. The following
pseudocode describes incremental modification of scaling factor 262 and scaling factor 264, and

scaling factor 267 and scaling factor 269:

11



WO 2010/126482 PCT/US2009/041867

/*at a first instant in time where decoded output 218 is available for a given codeword*/
If (violation count < threshold 292 || saturation count > threshold 294) {
1 = i+saturation count corresponding to decoded output 218;
Scaling Factor 264 = 3(i);
Scaling Factor 262 = d(i); and
Feed Forward Signal 263 = asserted

}
Else {
1i=0
Scaling Factor 264 = Baefaulr; and
Scaling Factor 262 = Qgefauie;
Feed Forward Signal 263 = de-asserted
}

/*at a second instant in time where decoded output 228 is available for the given codeword*/
If (violation count < threshold 292 || saturation count > threshold 294) {
If (Feed Forward Signal 263 == asserted){
i= i+saturation count corresponding to decoded output 228;
Scaling Factor 269 = 3(i); and
Scaling Factor 267 = d(i);

}
Else{
i= saturation count corresponding to decoded output 228;
Scaling Factor 269 = 3(i); and
Scaling Factor 267 = d(i);
}
Else {
i=0
Scaling Factor 269 = Bgefau; and
Scaling Factor 267 = Qgefauit
}

Again, B(i+1) is greater than (i) and a(i+1) is less than a(i). In this way, the value of scaling
factor 262 and scaling factor 264 can be modified incrementally based upon a prior result and
based upon a magnitude of the detected saturation numbers.

[0032] Turning to Fig. 3a, a queuing detection and decoding circuit 300 including dynamic
scalars is shown in accordance with various embodiments of the present invention. Queuing
detection and decoding circuit 300 includes a data input 305 that is fed to a channel detector 309.
In some embodiments, data input 305 may be derived from a storage medium. In particular
cases, data input 305 is provided as groups of data or data sets that are sometimes referred to as
codewords. In the case of a hard disk drive, the received data sets may be sectors of data from

the storage medium of the hard disk drive. Based upon the disclosure provided herein, one of

12
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ordinary skill in the art will recognize other sources for data input, and other data sets that may

be processed in accordance with different embodiments of the present invention.

[0033] Channel detector 309 may be any type of channel detector known in the art including,
but not limited to, a soft output Viterbi algorithm detector (SOVA) or a maximum a posteriori
(MAP) detector. Based on the disclosure provided herein, one of ordinary skill in the art will
recognize a variety of channel detectors that may be used in accordance with different
embodiments of the present invention. In addition, data input 305 is provided to a memory
buffer 313 that is designed to hold a number of data sets received from data input 305. The size
of memory buffer 313 may be selected to provide sufficient buffering such that a data set
provided via data input 305 remains available at least until a first iteration processing of that
same data set is complete and the processed data is available in a queue buffer 349 as more fully
described below. Memory buffer 313 provides the data sets to a channel detector 317. Similar
to channel detector 309, channel detector 317 may be any type of channel detector known in the
art including, but not limited to, a SOV A detector or a MAP detector. Again, based on the
disclosure provided herein, one of ordinary skill in the art will recognize a variety of channel

detectors that may be used in accordance with different embodiments of the present invention.

[0034] An output 381 of channel detector 309 is multiplied by a scaling factor 301 (a) using a
multiplier circuit 391. A product output 395 from multiplier circuit 391 is provided to an
interleaver circuit 394. An output 383 of channel detector 317 is multiplied by a dynamic
scaling factor 303 (0y) using a multiplier circuit 393. A product output 397 from multiplier
circuit 393 is provided to another interleaver circuit 392. Interleaver circuit 394 interleaves the
output of channel detector 309 using a ping pong buffer 396, and interleaver circuit 392
interleaves the output of channel detector 317 using a ping pong buffer 398. One of the buffers
in ping pong buffer 396 holds the result of a prior interleaving process of the output from
channel detector 309 and is unloaded to an LDPC decoder 337 via a multiplexer 321, while the
other buffer of ping pong buffer 396 holds a data set from channel detector 309 that is currently
being interleaved. Similarly, one of the buffers in ping pong buffer 398 holds the result of a
prior interleaving process of the output from channel detector 317 and is unloaded to LDPC
decoder 337 via a multiplexer 321, while the other buffer of ping pong buffer 398 holds a data

set from channel detector 317 that is currently being interleaved. It should be noted that other

13



WO 2010/126482 PCT/US2009/041867

soft decision data decoders may be used in place of LDPC decoder 337 in different embodiments

of the present invention.

[0035] LDPC decoder 337 is capable of decoding one or more data sets simultaneously. As an
example, LDPC decoder 337 may be designed to decode an interleaved data set from ping pong
buffer 396, to decode an interleaved data set from ping pong buffer 398, or to decode interleaved
data sets from ping pong buffer 396 and ping pong buffer 398 simultaneously. The decoded data
is either provided as a hard decision output 341 or to a de-interleaver circuit 345 that uses queue
buffer 349 to de-interleave the decoded data and to store the de-interleaved data until channel

detector 317 is available for further processing.

[0036] One of the buffers in queue buffer 349 holds the result of a prior de-interleaving
process and is unloaded to channel detector 317, while another buffer of queue buffer 349 holds
a decoded data set currently being de-interleaved, and one or more other buffers in queue buffer
349 maintain other non-converged data waiting for processing by channel detector 317. Non-
converged data from queue buffer 349 is de-interleaved by de-interleaver 345 and passed to
channel detector 317 that has access to the corresponding data set in memory buffer 313. In
particular, the de-interleaved data from de-interleaver 345 is multiplied by a dynamic scaling
factor 307 (By) using a multiplier circuit 327, and a product output of multiplier 329 is provided
to channel detector 317. The data detection performed by channel detector 317 is similar to that
performed by channel detector 309. Alternatively, where a data set converges in LDPC decoder
337, it is provide as hard decision output 341 to a de-interleaver circuit 357 that de-interleaves
the received hard decision output 341 and stores the de-interleaved result in one of a number of
memory buffers 361. Ultimately, de-interleaver circuit 357 provides the de-interleaved data

stored in memory buffers 361 as an output 371.

[0037] Dynamic scaling factor 303 and dynamic scaling factor 307 are calculated for each
codeword based upon a decoded output 385 corresponding to the respective codeword. Each
buffer in queue buffer 349 includes an area 341 for storing decoded output 385 for a respective
codeword, and another area 343 for storing dynamic scaling factor 303 and dynamic scaling
factor 307 corresponding to the respective codeword. When the decoded output is pulled from a

respective queue buffer for de-interleaving and processing by channel detector 317, the values
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for scaling factor 303 and scaling factor 307 are pulled from area 341 of the corresponding queue

buffer and used for multiplication by multiplier 391 and multiplier 393.

[0038] A dynamic scalar calculation circuit 399 calculates the value for scaling factor 303 and
scaling factor 307 for each respective codeword based upon decoded output 385 corresponding
to the respective codeword. The calculated scaling factors are stored to the buffer in queue
buffer 349 that the corresponding to decoded output 385 from which the scaling factors were

calculated.

[0039] Using decoded output 385, dynamic scalar calculation circuit 399 first determines
whether the values for scaling factor 303 and scaling factor 307 are to be updated. In particular,
dynamic scalar computation circuit 399 receives an indication of the number of parity checks for
the data set currently processed by LDPC decoder circuit 337 that remain violated. This number
is referred to herein as the violation count. Further, dynamic scalar computation circuit 399
counts the number of bit periods in decoded output 385 that are saturated (i.e., have a value equal
to the maximum achievable value). This value is referred to as the saturation count. Dynamic
scalar computation circuit 399 compares the violation count with a threshold value 323 and
compares the saturation count with another threshold value 325. In some embodiments, both
threshold value 323 and threshold value 325 are programmable. The values of scaling factor 303
and scaling factor 307 are updated if either the violation count is less than threshold value 323 or
if the saturation count is greater than threshold 325. The following pseudocode describes the

update condition:

If (violation count < threshold 323 |l saturation count > threshold 325) {

Update Scaling Factors
}
Else {

Maintain Scaling Factors
}

In an exemplary case, dynamic modification of scaling factor 303 and scaling factor 307 is only
done whenever there is a significant number of saturated soft decisions.
[0040] Whenever an update is called for, updating scaling factor 303 and scaling factor 307 may

be done in one a variety of ways depending upon the particular implementation. Initially, scaling
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factor 303 and scaling factor 307 are set equal to default values. The following pseudocode
describes the initial condition:

Scaling Factor 307 = Befau; and

Scaling Factor 303 = Qgefauit-
The default values, Baefault and Qdetaure May be hard coded at design time, or may be programmable
allowing for update depending upon a particular deployment of queuing detection and decoding
circuit 300. The default values, Paefault and Odefaurr May be selected to provide good performance
with only minimal saturation. In one embodiment, upon a decision to update the value of scaling
factor 303 and scaling factor 307, scaling factor 303 and scaling factor 307 are modified to be
minimum value scaling factors in accordance with the following pseudocode:

If (violation count < threshold 323 |l saturation count > threshold 325) {
Scaling Factor 307 = Bmaximum; and
Scaling Factor 303 = Ominimum

}

Else {
Scaling Factor 307 = Bdefaulr; and
Scaling Factor 303 = Qlgefault

}

The values of Baximum aNd Opminimum are may be hard coded at design time, or may be
programmable allowing for update depending upon a particular deployment of data processing
circuit 200. The default values, Bmaximum @Nd Ominimem May be selected to provide good
performance but with values set to avoid some saturation allowed by the default scaling factors.
[0041] In another embodiment, the values of scaling factor 303 and scaling factor 307 are
incrementally modified each successive time a need to update is indicated. In doing this, a
lookup table may be used that includes successive values for scaling factor 303 and scaling
factor 307 indexed by i. The lookup table values may be defined at design time or may be
programmable. The following pseudocode describes incremental modification of scaling factor
303 and scaling factor 307:
If (violation count < threshold 323 || saturation count > threshold 325) {
Scaling Factor 307 = B(i+1);
Scaling Factor 303 = a(i+1); and

i++

}
Else {

Scaling Factor 307 = Befau; and
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Scaling Factor 303 = Qlgefault
i=0
}
In this case, B(i+1) is greater than B(i) and a(i+1) is less than a(i). In this way, the value of
scaling factor 303 and scaling factor 307 can be modified incrementally until a working limit is
achieved.
[0042] In yet another embodiment, the values of scaling factor 303 and scaling factor 307 are
incrementally modified each successive time a need to update is indicated, with the magnitude of
the increment being controlled not by a counter, but by the value of the saturation count. To do
this, lookup table may be used that includes successive values for scaling factor 303 and scaling
factor 307 indexed by i. The lookup table values may be defined at design time or may be
programmable. The following pseudocode describes incremental modification of scaling factor
303 and scaling factor 307:
If (violation count < threshold 323 |l saturation count > threshold 325) {
Scaling Factor 307 = B(i+saturation count);

Scaling Factor 303 = a(i+saturation count); and
1 = i+saturation count

}

Else {
Scaling Factor 307 = Befau; and
Scaling Factor 303 = Qlgefaui
i=0

}

Again, B(i+1) is greater than (i) and a(i+1) is less than a(i). In this way, the value of scaling
factor 303 and scaling factor 307 an be modified incrementally with an increment corresponding
to the number of saturated outputs being reported by decoded output 385.

[0043] Queuing detection/decoding circuit 300 allows for performance of a variable number of
detection and decoding iterations depending upon the introduced data. Further, in some cases,
considerable power savings may be achieved through use of queuing detection/decoding circuit
300. Yet further, in some cases, a faster LDPC decoder may be implemented allowing for an
increased throughput where substantial first iteration data convergence exists as multiple
iterations are not necessarily required. Yet further, by allowing results of LDPC decoder 337 to
be reported out of order, upstream processing does not have to wait for the completion of

downstream processing. Re-ordering of the out of order results may be done by queuing
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detection/decoding circuit 300 or by a downstream recipient of output 371. In addition, scaling
factor 303 and scaling factor 307 can be dynamically updated to enhance the performance of the
decoding and detection processes being performed and thereby provide an ability for early
convergence. Based upon the disclosure provided herein, one of ordinary skill in the art will
recognize a variety of other advantages that may be achieved through implementation of one or

more embodiments of the present invention.

[0044] Turning to Fig. 3b, another queuing detection and decoding circuit 801 including
dynamic scalars is shown in accordance with other embodiments of the present invention.
Queuing detection and decoding circuit 801 is substantially the same as queuing detection and
decoding circuit 300. The difference is that each buffer in queue buffer 349 includes area 341
for storing decoded output 385 for a respective codeword, and another area 843 for storing a
violation count from decoded output 385. This violation count may be used when the particular
queue buffer 349 is selected for additional processing. The respective violation count 849 from
area 843 is provided to a dynamic scalar calculation circuit 899. Dynamic scalar calculation
circuit 899 receives the output of de-interleaver 345 in comparison with queuing detection and
decoding circuit 300 where dynamic scalar calculation circuit 399 that receives the output prior
to de-interleaver 345. Prior to applying scaling factor 303 and scaling factor 307 to the data from
the selected buffer in queue buffer 349, dynamic scalar calculation circuit 8§99 calculates the
value of scaling factor 303 and scaling factor 307. In some cases, only a violation count is used
to determined whether to dynamically modify scaling factor 303 and scaling factor 307. In such

a case, the following pseudocode describes the update condition:

If (violation count < threshold 323) {

Update Scaling Factors
}
Else {

Maintain Scaling Factors
}

Updating the scaling factors may be done using any of the approaches discussed herein.

[0045] Turning to Fig. 4, a flow diagram 400 shows a method in accordance with some
embodiments of the present invention for data processing using dynamic scaling factors.
Following flow diagram 400, a data input is received (block 520). This data input may be, but is

not limited to, a series of data bits received from a magnetic recording medium or a series of bits
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received from a transmission channel. Based on the disclosure provided herein, one of ordinary
skill in the art will recognize a variety of sources and formats for the received data input. A
sample of the received data is stored in a buffer and retained for later processing (block 525).
Data detection processes are performed on the received data (block 555). The resulting detected
data is multiplied by a scaling factor (a)(block 557), and the product of the multiplication is
interleaved (block 560), and the interleaved data is decoded (block 565). It is then determined
whether the decoding process converged (block 545), and whether there is sufficient buffering

available to reprocess the data (block 550).

[0046] Where either the decoding process converged (block 545) or there is insufficient
buffering available (block 550), the decoded data is de-interleaved (block 570) and stored in a
buffer (block 575). The buffer includes various results that may have become available out of
order, and as such the various results are reordered in the buffer to represent the order in which
the corresponding data input was originally received (block 580). It is then determined if a
complete time set is available in the buffer (block 585). A complete time set includes every
result corresponding to received inputs over a given period of time. Thus, for example, where
the first result is delayed while two later results are reported, the complete time set exists for the
three results once the first result is finally available in the buffer. It should be noted that in some
embodiments of the present invention that the results are reported out of order to a recipient. In
such cases, there is no need to reorder results or to determine whether complete time sets are
available. Where a complete time set is available (block 585) or where the results are to be
reported as they are received without regard to order, the result(s) are output to a recipient (block

590).

[0047] Alternatively, where the decoding process failed to converge (block 545) and there is
sufficient buffering available (block 550), the process of detection and decoding is repeated. In
particular, scaling factors (3 and @) are calculated based upon the decoded data (block 502).
The scaling factors may be calculated using one of the approaches described below in relation to
Figs. 5a-5c¢. The decoded data is also de-interleaved (block 505) and the resulting de-interleaved
data is stored to a buffer along with the corresponding scaling factors that were recently
calculated (block 510). The data is accessed from the buffer and multiplied by the scaling factor
(Bx) (block 512). The de-interleaved data multiplied by the scaling factor is aligned with the
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corresponding sample of the data input (block 515) once the data detector is available. The de-
interleaved data and the corresponding sample data input is provided to the data detector where a
subsequent data detection is performed (block 530) on the originally stored sample of data input
(block 525) using the soft input developed in the earlier processing of the same data input
(blocks 555, 560, 565, 545, 550, 505, 510, 515). The result of the data detection process is
interleaved (block 535) and the interleaved data is decoded (block 540). At this point, it is
determined whether the data detection and decoding process failed to converge (block 545) and

is to be repeated, or whether the result converged (block 545) and is to be reported.

[0048] Turning to Figs. Sa-5c, three different approaches for dynamically calculating scaling
factors are shown in accordance with different embodiments of the present invention. Following
flow diagram 700 of Fig. 5a, each time a decode process is completed, it is determined whether
the violation count is less than a first threshold (i.e., Threshold A) (block 701) or whether the
saturation count is greater than a second threshold (i.e., Threshold B) (block 703). Where either
are true (blocks 701, 703), the scaling factors are updated (block 707). In particular, the scaling
factors are updated in accordance with the following equations:

B Scaling Factor = Byaximum; and

a Scaling Factor = Qmipimum.
Otherwise, where an update is not called for (blocks 701, 703), scaling factors are set to default
levels (block 705) in accordance with the following equations:

B Scaling Factor = Bgefaurr; and

a Scaling Factor = Qgefayit-
[0049] Following flow diagram 710 of Fig. 5b, each time a decode process is completed, it is
determined whether the violation count is less than a first threshold (i.e., Threshold A) (block
711) or whether the saturation count is greater than a second threshold (i.e., Threshold B) (block
713). Where either are true (blocks 711, 713), an index (i) used to access scaling data from a
lookup table is incremented (block 717). The scaling factors are then pulled from the lookup
table using the index (block 729). In particular, the scaling factors are updated in accordance
with the following equations:

B Scaling Factor = 3(i); and
a Scaling Factor = a(i).
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B(i+1) is greater than B(i) and a(i+1) is less than a(i). Otherwise, where an update is not called
for (blocks 711, 713), the scaling factors are set to default levels (block 715) in accordance with
the following equations:

B Scaling Factor = Bgefauir; and

a Scaling Factor = Qgefayit-
[0050] Following flow diagram 720 of Fig. 5c, each time a decode process is completed, it is
determined whether the violation count is less than a first threshold (i.e., Threshold A) (block
721) or whether the saturation count is greater than a second threshold (i.e., Threshold B) (block
723). Where either are true (blocks 721, 723), an index corresponding to the saturation count is
calculated (block 727). In some cases, the index is the saturation count multiplied by a scalar
value and raised to the next whole number. The scaling factors are then pulled from the lookup
table using the index (block 729). In particular, the scaling factors are updated in accordance
with the following equations:

B Scaling Factor = 3(index); and

a Scaling Factor = a(index).
B(i+1) is greater than B(i) and a(i+1) is less than a(i). Otherwise, where an update is not called
for (blocks 721, 723), the scaling factors are set to default levels (block 725) in accordance with
the following equations:

B Scaling Factor = Bgefauir; and

a Scaling Factor = Qgefayit-
[0051] Following flow diagram 820 of Fig. 5d, each time a decode process is completed, it is
determined whether the violation count is less than a threshold (block 821). Where this is true
(blocks 821), scaling factors (Bx 0Oy) are calculated (block 829). Otherwise, where an update is
not called for (block 821), the scaling factors are set to default levels (block 825) in accordance
with the following equations:

B Scaling Factor = Bgefaurr; and

a Scaling Factor = Qgefayit-
[0052] Turning to Fig. 6, a storage system 600 including read channel 610 with hard decision
assisted decoding in accordance with various embodiments of the present invention. Storage

system 600 may be, for example, a hard disk drive. Read channel 610 may include, but is not
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limited to, a data processing codec similar to those described above in relation to Fig. 2 or Fig. 3
that include dynamic scalar calculation. In some cases, the data processing codec may operate

similar to that described in relation to Fig. 4.

[0053] Storage system 600 also includes a preamplifier 670, an interface controller 620, a hard
disk controller 666, a motor controller 668, a spindle motor 672, a disk platter 678, and a
read/write head assembly 676. Interface controller 620 controls addressing and timing of data
to/from disk platter 678. The data on disk platter 678 consists of groups of magnetic signals that
may be detected by read/write head assembly 676 when the assembly is properly positioned over
disk platter 678. In one embodiment, disk platter 678 includes magnetic signals recorded in
accordance with a perpendicular recording scheme. For example, the magnetic signals may be

recorded as either longitudinal or perpendicular recorded signals.

[0054] In a typical read operation, read/write head assembly 676 is accurately positioned by
motor controller 668 over a desired data track on disk platter 678. The appropriate data track is
defined by an address received via interface controller 620. Motor controller 668 both positions
read/write head assembly 676 in relation to disk platter 678 and drives spindle motor 672 by
moving read/write head assembly to the proper data track on disk platter 678 under the direction
of hard disk controller 666. Spindle motor 672 spins disk platter 678 at a determined spin rate
(RPMs). Once read/write head assembly 678 is positioned adjacent the proper data track,
magnetic signals representing data on disk platter 678 are sensed by read/write head assembly
676 as disk platter 678 is rotated by spindle motor 672. The sensed magnetic signals are
provided as a continuous, minute analog signal representative of the magnetic data on disk
platter 678. This minute analog signal is transferred from read/write head assembly 676 to read
channel 610 via preamplifier 670. Preamplifier 670 is operable to amplify the minute analog
signals accessed from disk platter 678. In turn, read channel module 610 decodes and digitizes
the received analog signal to recreate the information originally written to disk platter 678. The
decoding process includes hard decision assist which, in some cases, may limit the amount of
processing required for convergence and in other cases may allow convergence that otherwise
would not be possible. The read data is provided as read data 603. A write operation is
substantially the opposite of the preceding read operation with write data 601 being provided to
read channel module 610. This data is then encoded and written to disk platter 678.
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[0055] In conclusion, the invention provides novel systems, devices, methods and
arrangements for performing data decoding and/or detection. While detailed descriptions of one
or more embodiments of the invention have been given above, various alternatives,
modifications, and equivalents will be apparent to those skilled in the art without varying from
the spirit of the invention. For example, one or more embodiments of the present invention may
be applied to various data storage systems and digital communication systems, such as, for
example, tape recording systems, optical disk drives, wireless systems, and digital subscribe line
systems. Therefore, the above description should not be taken as limiting the scope of the

invention, which is defined by the appended claims.

23



O 00 NN N D AW N =

[N
- O

~N N AW D =

| N T S

WO 2010/126482 PCT/US2009/041867

WHAT IS CLAIMED IS:

1. A data processing system, the system comprising:

a decoder circuit, wherein the decoder circuit provides a decoded output;

a dynamic scalar calculation circuit, wherein the dynamic scalar calculation
circuit determines a first dynamic scaling value and a second dynamic scaling value based at
least in part on the decoded output;

a first multiplier circuit, wherein the first multiplier circuit multiplies the decoded
output by the first dynamic scaling value and provides a first scaled output;

a detector circuit, wherein the detector circuit receives the first scaled output and
provides a detected output; and

a second multiplier circuit, wherein the second multiplier circuit multiplies the

detected output by the second dynamic scaling value and provides a second scaled output.

2. The data processing system of claim 1, wherein the dynamic scalar

calculation circuit determines a number of saturated outputs in the decoded output.

3. The data processing system of claim 2, wherein the first dynamic scaling
value is set to a first default value when the number of saturated outputs exceeds a threshold
value; wherein the first dynamic scaling value is set to a minimum value when the number of
saturated outputs is less than the threshold value; wherein the second dynamic scaling value is
set to a second default value when the number of saturated outputs exceeds the threshold value,
and wherein the second dynamic scaling value is set to a maximum value when the number of

saturated outputs is less than the threshold value.

4. The data processing system of claim 2, wherein having a number of
saturated outputs exceeding a threshold value is an out of bounds condition; wherein an index
corresponding to the number of successive out of bounds conditions is determined; wherein the
first dynamic scaling value is set to a first scalar value corresponding to the index; and wherein

the second dynamic scaling value is set to a second scalar value corresponding to the index.
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5. The data processing system of claim 4, wherein the first scalar value and
second scalar value are maintained in a lookup table, and wherein the index is a pointer into the

lookup table.

6. The data processing system of claim 2, wherein an index corresponding to
the number of saturated outputs is determined; wherein the first dynamic scaling value is set to a
first scalar value corresponding to the index; and wherein the second dynamic scaling value is set

to a second scalar value corresponding to the index.

7. The data processing system of claim 6, wherein the first scalar value and
second scalar value are maintained in a lookup table, and wherein the index is a pointer into the

lookup table.

8. The data processing system of claim 1, wherein the dynamic scalar

calculation circuit determines a number of violated checks represented in the decoded output.

9. The data processing system of claim 8, wherein the first dynamic scaling
value is set to a first default value when the number of violated checks is less than a first
threshold value; wherein the first dynamic scaling value is set to a minimum value when the
number of violated checks is greater than the first threshold value; wherein the second dynamic
scaling value is set to a second default value when the number of violated checks is less than a
second threshold value, and wherein the second dynamic scaling value is set to a maximum value

when the number of violated checks is greater than the second threshold value.

10. The data processing system of claim 9, wherein having a number of
violated checks less than a threshold value is an out of bounds condition; wherein an index
corresponding to the number of successive out of bounds conditions is determined; wherein the
first dynamic scaling value is set to a first scalar value corresponding to the index; and wherein

the second dynamic scaling value is set to a second scalar value corresponding to the index.

11. The data processing system of claim 10, wherein the first scalar value and
second scalar value are maintained in a lookup table, and wherein the index is a pointer into the

lookup table.
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12. A method for data processing, the method comprising:

providing a decoder circuit, wherein the decoder circuit receives a first input and
provides a decoded output;

providing a detector circuit, wherein the detector circuit receives a second input
and provides a detected output;

dynamically determining a first scaling value and a second scaling value based at
least in part on the decoded output;

multiplying the decoded output by the first scaling value to yield the second input;
and

multiplying the detected output by the second scaling value to yield a product

output.

13. The method of claim 12, wherein dynamically determining the first
scaling value and the second scaling value includes determining a number of saturated outputs in

the decoded output.

14. The method of claim 13, wherein the first dynamic scaling value is set to a
first default value when the number of saturated outputs exceeds a threshold value; wherein the
first dynamic scaling value is set to a minimum value when the number of saturated outputs is
less than the threshold value; wherein the second dynamic scaling value is set to a second default
value when the number of saturated outputs exceeds the threshold value, and wherein the second
dynamic scaling value is set to a maximum value when the number of saturated outputs is less

than the threshold value.

15. The method of claim 13, wherein having a number of saturated outputs
exceeding a threshold value is an out of bounds condition; wherein an index corresponding to the
number of successive out of bounds conditions is determined; wherein the first dynamic scaling
value is set to a first scalar value corresponding to the index; and wherein the second dynamic

scaling value is set to a second scalar value corresponding to the index.
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16. The method of claim 12, wherein dynamically determining the first
scaling value and the second scaling value includes determining a number of violated checks

represented in the decoded output.

17. The method of claim 16, wherein the first dynamic scaling value is set to a
first default value when the number of violated checks is less than a first threshold value;
wherein the first dynamic scaling value is set to a minimum value when the number of violated
checks is greater than the first threshold value; wherein the second dynamic scaling value is set
to a second default value when the number of violated checks is less than a second threshold
value, and wherein the second dynamic scaling value is set to a maximum value when the

number of violated checks is greater than the second threshold value.

18. The method of claim 16, wherein having a number of violated checks less
than a threshold value is an out of bounds condition; wherein an index corresponding to the
number of successive out of bounds conditions is determined; wherein the first dynamic scaling
value is set to a first scalar value corresponding to the index; and wherein the second dynamic

scaling value is set to a second scalar value corresponding to the index.

19. A disk drive system, the disk drive system comprising:
a storage medium;
a read channel device receiving data derived from the storage medium, wherein
the read channel device includes:
a decoder circuit, wherein the decoder circuit provides a decoded output;
a dynamic scalar calculation circuit, wherein the dynamic scalar
calculation circuit determines a first dynamic scaling value and a second dynamic scaling value
based at least in part on the decoded output;
a first multiplier circuit, wherein the first multiplier circuit multiplies the
decoded output by the first dynamic scaling value and provides a first scaled output;
a detector circuit, wherein the detector circuit receives the first scaled
output and provides a detected output; and
a second multiplier circuit, wherein the second multiplier circuit multiplies

the detected output by the second dynamic scaling value and provides a second scaled output.

27



B S N S

WO 2010/126482 PCT/US2009/041867

20. The data processing system of claim 1, wherein the dynamic scalar
calculation circuit determines a number of saturated outputs in the decoded output; and wherein
the dynamic scalar calculation circuit determines a number of violated checks represented in the

decoded output.
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