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STATIC VITERBI DETECTOR FOR CHANNELS 

UTILIZING A CODE HAVING TIME VARYING 

CONSTRAINTS 
FIELD OF THE INVENTION 

The present invention relates to disc drives. 

More particularly, the present invention relates to a 

data.detector in a disc drive wherein the data detector 

detects data encoded according to a code having time 

varying constraints, and wherein the data detector has 

10 a time invariant structure. 

BACKGROUND OF THE INVENTION 

A typical disc drive includes one or more 

discs mounted for rotation on a hub or spindle. A 

typical disc drive also includes a transducer supported 

15 by a hydrodynamic air bearing which flies above each 

disc. The transducer and the hydrodynamic air bearing 

are collectively referred t9 as a data head. A drive 

controller is conventionally used for controlling the 

disc drive based on commands received from a host 

20 system. The drive controller controls the disc drive to 

retrieve information f ram the discs and · to store 

·information on the discs. 

In one conventional disc drive, an 

electromechanical actuator operates within a negative 

• 25 feedback, closed-loop servo system. The actuator moves 

the data head radially over the disc surf ace for track 

seek operations and holds the transducer directly over 

a track on the disc surface for track following 

operations. 

30 Information is typically stored in concentric 

tracks on the surface of discs by providing a write 

signal to the data head to write information on the 

surface of the disc representing the data to be stored. 
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In retrieving data from the disc, the drive controller 

controls the electromechanical actuator so that the data 
head flies above the disc, sensing the flux reversals on 

the disc, and generating a read signa~ based on those 
s flux reversals. . The read signal is typically 

conditioned and then decoded by the drive read/write 

channel and the controller to recover the data. 

A typical data storage channel includes the 
disc, the data head, automatic gain control circuitry, 

10 a low pass filter, an analog-to-digital converter, a 

data detector, and a decoder. The read channel can be 

implemented either as discrete circuitry, or in a drive 

controller associated with the· disc drive. Such a drive 

controller typically includes error detection and 
15 correction qornponents as well. 

A Viterbi detector has been used in the past 

as a data detector in a disc drive read channel . A 

Viterbi detector acts as a maximum-likelihood sequence 
estimator when the input to the detector consists of a 

20 signal plus additive white, Gaussian noise, and when a 
typical branch metric (the ·square of the error in the 

signal provided to the detector) is used. 

In digital magnetic recording, the pulse 

response of the channel has conventionally been 
25 equalized to a suitable partial response (PR) target of 

the form (1-D) (l+D)n, wherein n is a non-negative 

integer and D is a delay operator. A number of 
. . 

different PR targets have been developed. For example, 
when n= 1, 2 , and 3 , the resulting PR targets are 

30 referred to as partial response class 4 (PR4), extended 

partial response class 4 (EPR4), and enhanced extended 

partial response class 4 (E2PR4) channels, respectively. 

Forcing the magnetic channel pulse response to 

a prescribed target generally results in noise 
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enhancement and noise correlation. To reduce such 

effects, the channel target response can be generalized 
to a PR polynomial of the form: 

where, without loss of generality, f 0 is 

normalized to l and the f 1 terms are allowed to take 

non-integer values. 

10 Given the generalized channel target response 

15 

set out above, the number of states required in a 
Viterbi trellis is equal to 2n. For example, a Viterbi 

detector for the E2PR4 channel given by: 

has 24 = 16 states. Of course, as n is 

increased, the number of Viterbi states can become 

prohibitively large. In order to alleviate the 

20 complexity of such detectors, local feedback can be 

implemented in order to eliminate some of the 

intersymbol interference (ISI) terms. Such detectors 

' are referred to as reduced-state sequence estimators 

(RSSE} and include 2m states and (n-m} feedback taps, 

25 where m is less than or equal n. 

The bit error rate performance of Viterbi 
detectors is dominated by the minimum Euclidean distance 

between two disjoint channel output sequences. In 

digital magnetic recording, it has been observed that 

30 the dominant error events from maximum likelihood 

sequence detectors at high linear recording densities as 

well as certain high order PR channels {such as E2PR4} 

are generally of the form+/- (2, -2, 2). Here, the 

error event denotes the difference between two input 
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sequences, when the input bits are +/- 1. Such errors 

are typically caused when a tribit is shifted by one 

sample time, or when a quadbit is mistaken as a dibit or 

vice versa. 

SUMMARY OF THE .INVENTION 

A relatively new class of codes are recently 

being investigated. Such codes include a maximum 

transition run (MTR) code which has been proposed as a 

way of removing such dominant error events from the 

10 input bit stream to the data detector. Such MTR codes 

operate to increase the minimum Euclidean distance 

between data samples in a magnetic recording channel. 

For example, an MTR=2 code limits the run of 

consecutive transitions in the modulated waveform to 2. 

15 In essence, an MTR=2 code removes all patterns of 

encoded data containing more than two consecutive 

transitions. Consequently, the MTR=2 code also removes 

all patterns which cause a dominant error event for MLSD 

detectors at high recording densities and higher order 

20 PR channels. 

It has also been observed that the same 

dominant error events can be removed if the MTR 

·constraint is relaxed. In other words, a relaxed MTR 

constraint may allow runs of three consecutive 

25 transitions, but require them to start once every L time 

.intervals. Thus, for instance, with L=2, the tribits 

can start at every other time interval. Such codes are 

referred to as time-variant MTR codes. 

In order to realize any modulation coding 

30 gain, the code constraint must be enforced during the 

detection process. Specifically, any states or branches 

in the Viterbi trellis which violate the coding 

constraints must be removed from the detector structure. 

With a time-variant MTR code, the trellis diagram needs 
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to be modified once every L time intervals in order to 

allow for the presence of a tribi t. For example, for an 

a-state detector, the two branches which correspond to 

the presence of tribits are· normally removed from the 

5 trellis, but they are restored every L time intervals 

for a single time interval. 

Viterbi detectors used in conjunction with 

such time-variant-MTR coded channels are thus inherently 

time-variant, themselves. Such detectors can be 

10 implemented by providing a selection input to the 

detector such that operation of the detector can be 

switched among various operating modes in order to 

accommodate the time-varying nature of the coded 

channel, and in order to implement a time varying 

15 trellis structure. The time-varying detector structure 

is undesirably complex. 

20 

25 

30 

The present invention addresses these and 

other problems, and offers other advantages over the 

prior art. 

In accordance with one aspect of the present 

invention, a detector is used in detecting data encoded 

in a read signal received from a storage channel. The 

· detector includes a Viterbi detector having a time­

invariant structure configured to detect the data 

encoded according to a code having time varying 

constraints . 

The present invention can be implemented as a 

detector, a method for detecting data, or as a method of 

forming such a detector. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simpli.fied block diagram of a data 
storage system. 

FIG. 2-1 is ·a trellis diagram illustrati.n~ 

5 operation of a Viterbi dete'ctor. 

10 

FIGS. 2-2 and 2-3 are waveforms illustrating 
dominant error events of the form +/- (2, -2, 2). 

FIG. 3 is an extended trellis diagram 
illustrating the operation of a Viterbi detector. 

FIG. 4 is a trellis diagram illustrating the 
operation of radix-4 Viterbi detector in accordance with 
one aspect of the present invention. 

FIGS. 5-1 and 5-2 are block "diagrams 
illustrating the logical function of a Viterbi detector 

15 in accordance with one aspect of the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 is a simplified block diagram of a data 
·storage system 100 according to the present invention. 
System 100 includes encoder 110, disc 112, read/write 

20 head 114, automatic gain control (AGC} circuit 115, low 
pass filter 116, finite impulse response (FIR) filter 
122, Viterbi detector 124 and decoder 120. System 100 

25 

· may also include an analog-to-digital (A/D} converter as 
well. An actuator assembly (not shown) typically holds 
read/write head 14 in position over a surface of disc 
112. The actuator assembly includes actuator arms which 
are rigidly coupled to a head gimbal assembly. The head 
gimbal assembly, in turn, includes a . load beam, or 
flexure arm, rigidly coupled to the actuator arm at a 

30 first end thereof, and to a gimbal at a second end 
thereof. The gimbal is coupled to an air bearing which 
supports read/write head 114 above the corresponding 
surface of disc 112 for accessing data within tracks on 
the surface of disc 112. 
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In operation, a drive controller associated 

with the disc drive containing read channel 110 

typically receives a command signal from a host system 

which indicates that a certain portion of.disc 112 is to 
. . . 

5 be accessed. In response to the command signal, the 

drive controller provides a servo control processor with 

a position signal which indicates a particular cylinder 

over which the actuator is to position read/write head 

114. The servo control processor converts the position 

10 signal into an analog signal which is amplified and 

provided to the actuator assembly. In response to the 

analog position signal, the actuator assembly positions 

read/write head 114 over a desired track. 

If a write operation is to be performed, data 

15 is provided by the drive controller to encoder 110 which 

encodes the data according to a predetermined code. 

Such a code may include constraints such as a maximum 

transition run length code constraint of any desirable 

size (such as MTR=2) . The code constraints may also be 

20 time varying. The encoded data is then provided, in the 

form of a write signal, to read/write . head 114. 

Read/write head 114 then operates to write information 

25 

· on the surface of disc 112 which is indicative of the 

data encoded in the write signal. 

If a read operation is to be executed, 

read/write head 114 develops a read signal indicative of 

information in the track over which read/write head 114 

is positioned. The read signal is provided to AGC 

circuit 115 which maintains the signal within an 

30 expected range and provides it to low pass filter 116. 

Low pass filter 116 filters out high frequency 

components and provides the signal to FIR filter 122. 

FIR filter 122 is provided to equalize the input signal 
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pulses into a target response (pulses which have fewer 

non-zero values) . 

Normal operation of the Viterbi detector 124 

is more easily understood using a trellis diagram, which 

5 is a typical.state machine diagram drawn with discrete 

time intervals being depicted by a vertical oriented 

group of states. For example, FIG. 2-1 shows a trellis 

diagram 125 illustrating the operation of Viterbi 

detector 124. In such a system, there is no intersymbol 

10 interference between adjacent pulses at the output of 

the system. Assuming a user input bit of zero 

represents no transition or flux reversal read from the 

disc, and a bit of one represents a transition (i.e., 

assuming an NRZI coding system), and assuming that the 

15 peak sampled value of the equalized transition is one, 

then an input of zero provides an output of zero, and an 

input of one provides an output of either one or minus 

one. This depends on the polarity of the · last 

transition. In other words, each time there is· a one in 

20 the input sequence, the direction of the write current 

changes. Given the above system, it is clear that the 

polarities of transitions must alternate. In another 

· illustrative system, NRZ modulation is used. In such a 

system, a 1 corresponds to a high and a O corresponds to 

25 a low. 

All of these rules (for NRZ modulation) are 

captured in the state machine diagram shown in FIG. 2-1. 

Such a trellis diagram can be used to illustrate the · 

detector structure and to determine the noiseless output 

30 sequence for any user input sequence. 

The particular trellis diagram 125 in FIG. 2-1. 

illustrates a full rate 8-state radix-2 Viterbi 

detector. Each state of the Viterbi detector is 

generally implemented as an add-compare select (ACS) 
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unit, as is generally known. The ACS unit adds the 
metric of each branch to the total metric in its 
corresponding path. The metrics from the two incoming 
paths are then compared and the path with· the best 

s metric is selected. 

FIGS. 2-2 and 2-3 illustrate dominant error 
events encountered by Viterbi detectors for maximum 
likelihood sequence detectors at high linear densities 
and for higher order partial response channels. 

10 The upper waveform in FIG. 2-2 illustrates a 
tribit (i.e., a waveform having three consecutive 
transitions). The lower waveform in FIG. 2-2 
illustrates that the tribit has been shifted to the 
right one temporal space. The upper waveform in FIG. 2-

15 3 illustrates a quadbit {i.e., a waveform having four 
consecutive transitions} . In order to address such 
error events, MTR codes are used. A relaxed time­
variant MTR code allows waveforms having, for example, 
three transitions, but only allows those tribi ts to 

20 start once every L time intervals. 
Trellis 125 describes a Viterbi detector 

structure used in a channel with a time varying MTR 
·code. The detector described by trellis 125 processes 
data according to a time varying MTR code in which more 

25 than two successive transitions are generally 
disallowed, but in which three successive transitions 
are allowed to begin every other sample interval (i.e., 
a code where MTR=2 and L=2) . Trellis 125 incudes a 
state column 126 and a sample input column 128 which 

30 illustrates the last three sample input bits. Each 
state represents a different possible combination of the 
last three input bits to the channel, denoted by ak_ 1 , ak-
2 and ak_3 • In trellis diagram 125, at time k-1, a 
tribit is allowed. Hence, no modification of trellis 
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125 is needed at time interval k-1. However, at the 

next time interval, k, tribits are not allowed so the 

branches in the trellis diagram which correspond to a 

·tribit pattern must be removed. ·Such branches 

5 .correspond to bold, dashed lines 130 and 132 in FIG. 2-

1. 

FIG. 3 shows an extension of trellis 125 to 

further illustrate the time variance. In FIG. 3, 

trellis 125 is extended from time period k-1 to time 

10 period k+2. As can be seen, branches 130 and 132 must 

be removed every other time period, and placed back in 

the trellis diagram in the remaining periods. Thus, 

this requires some type of selection mechanism in 

Viterbi detector 124 such that the mode of the Viterbi 

15 detector can be switched to effect the time-varying 

structure described by trellis 125. The requirement for 

such a time-varying structure results because Viterbi 

detector 124 must be designed to enforce the time­

varying code constraints used in encoding the data. 

20 FIG. 4 illustrates a trellis diagram 140 which 

25 

illustrates how Viterbi det.ector 124 can be implemented 

as a radix-4 Viterbi detector for the same channel as 

described with respect to FIGS. 2 and 3. 

In such a Viterbi detector, if a number, x, of 

samples of the received data are to be processed by the 

Viterbi detector simultaneously, the clock rate of the 

Viterbi detector is 1/x times the channel clock rate. 

The Viterbi detector thus releases x bits at the end of 

each processing step. In that instance, each ACS unit 

30 operates on 2x branches and selects the path with the 

lowest metric. 

The trellis diagram 140 in FIG. 4 now includes 

the code constraints at both even and odd time intervals 

(i.e., at time intervals k-1 and k). FIG. 4 illustrates 
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that the ACS units for each state in trellis 140 operate 

on four incoming branches, except those associated with 

states 2 and 5. Enforcing the same time varying MTR 

constraints described with respect to FIGS. 2 and 3 

5 removes two of the four branches for both states 2 and 

5. Thus, the ACS units for those states only operate on 

two inputs. 

Specifically, in a radix-2 detector, since 

branch 130 has been removed, state 2 cannot receive any 

10 inputs from state 5. The inputs to state 5 are from 

states 2 and 3. Thus, in a radix-4 detector, state 2 

cannot receive any inputs from states 2 and 3. 

Similarly, in a radix- 2 detector, since branch 

132 has been removed, state 5 cannot receive any inputs 

15 from state 2. The inputs to state 2 are from states 4 

and 5. Thus, in a radix-4 detector, state 5 cannot 

receive inputs from states 4 and 5. 

Thus, FIG. 4 illustrates a trellis 140 which 

describes a Viterbi detector which is time invariant, 

20 but which is used in a channel utilizing a code having 

time varying code constraints. Such a technique can be 

used to implement time invariant Viterbi detector 

25 

· structures even with time varying code constraints, so 

long as the code constraints are periodic over the same 

number of clock periods which the Viterbi detector is 

processing in parallel. · In other words, in a radix-2N 

Viterbi detector, the Viterbi detector is processing N 

input samples in parallel. Where· N is greater than 1, 

and where the time varying code constraints are periodic 

30 over N samples, the present invention can be used such 

that Viterbi detectors in channels using the code are 

time invariant. The branches which would periodically 

be removed from the trellis structure of the Viterbi 

detector are simply removed permanently. This 
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significantly reduces the complexity of the Viterbi 

detector, because branches are removed, and because no 

switching mechanism is needed for switching between 

Viterbi detector modes. 

5 FIGS. 5-1 and 5-2 are block diagrams 

illustrating the operation of a Viterbi detector in 

accordance with one aspect of the present invention. 

FIG. 5-1 illustrates the operations of a Viterbi 

detector at state zero of the trellis structure shown in 

10 FIG. 4. The operation of all other states, except 

states 2 and 5, is similar to that shown in FIG. 5-1. 

FIG. 5-2 illustrates the operation of the Viterbi 

detector at state 2 of the trellis structure 140 shown 

in FIG. 4. The operation of the Viterbi detector at 

15 state 5 is similar to that illustrated in FIG. 5-2. 

FIG. 5-1 shows that the Viterbi detector 

logically includes four branch metric calculator 

components 142, 144, 146 and 148, and an add-compare­

select (ACS) component 150. Branch metric calculator 

20 components 142-148 calculate the branch metrics 

associated with the branches leading from states O, 1, 

2 and 3 at time period k-1, into state O at time period 

kin the trellis structure 140 shown in FIG. 4. Branch 

metric calculator components 142-148 calculate the 

25 branch metrics based on the samples received and based 

on the desired values, in a known manner, and provide 

the branch metrics to ACS component 150. ACS component 

150 receives the state metrics from states 0-4 at time 

period k-1 and adds those to the branch metrics for the 

30 branches leading from states 0-3 at time period k-1, and 

selects the lowest value as the state metric for state 

o at time period k. The new state metric is provided at 

output 152 to a suitable storage mechanism. 
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By contrast, FIG. 5-2 illustrates the 

operation of the Viterbi detector which corresponds to 

trellis structure 140 at state 2 in time period k. FIG. 

5-2 ill~strates that only two branch metric calculator 

5 components 154 and ·156 are needed, and are supplied to 

ACS component 158. Branch metric calculator components 

154 and 156 need to calculate only the branch metrics 

associated with the branches which lead from states o 

and 1 at time period k-1 to state 2 at time period k. 

10 Since only two branches lead to state 2 at time period 

k, only two branch metric calculator components are 

needed. 

The branch metrics are provided to ACS 

component 158. ACS component 158 receives the state 

15 metric values associated with states O and 1 at time 

period k-1 and adds those values to the branch metrics 

calculated by components 154 and 156. ACS component 158 

then selects the lower of those two values and provides 

it as the new state metric at output 160 and 

20 corresponding to state 0 at time period k. It can be 

seen that the number of branch metric calculator 

components required by a Viterbi detector in accordance 

·with the present invention is reduced over that in prior 

Viterbi detectors, and does not vary from interval to 

25 interval. This provides a significant savings and 

reduced complexity over prior Viterbi detectors. 

The present invention can be used to not only 

simplify Viterbi detectors by removing branches, but it 

can also be used in permanently removing states from the 

30 Viterbi detector trellis. For example, application of 

a time-varying MTR code to an 8 state detector, as 

described above, does not result in the removal of any 

states at any time. However, for a 16 state detector, 

where each state specifies the last four input channel 
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bits (given by ak_1 , ak_2 , ak_ 3 , and ak_4 ) the two states 

denoted by +/- (+1, -1, +1, -1) are removed from the 

radix-2 trellis at every other step in order to enforce 

the time varying constraints in the MTR code. 

5 In a radix-4 architecture; however, these two 

states can be removed at all times. Tables 1 and 2 

define a trellis structure corresponding to such a 

radix-4 architecture. Table 1 illustrates the branch 

metrics for the detector. 

10 Table 2 illustrates the branch metrics for a 

time-invariant radix-4 MTR-coded E2 PR4 channel. In the 

radix-4 architecture, as described above, each branch 

metric is the sum of the branch metrics at times k-1 and 

k. These metrics are given by (Yk-l - dk._1 ) 
2

, and (yk -

15 dk) 2 where Yk-1 and Yk denote the detector inputs for time 

intervals k-1 and k, respectively; and dk-i and dk denote 

the desired values for the given branches at time 

intervals k-1 and k. 

Table 2 shows for each state, the states from 

20 which input branches are received, the desired values, 

the branch metrics used, and the total branch metric. 

Table 2 illustrates that, not only are two states 

removed from the detector trellis, but states 1, 2, 5, 

8, 11 and 12 only operate on three input branches. 

25 

30 

The metrics illustrated could be further 

simplified. For example, in Table 2, one such 

simplification is performed by removing the y2k-i and y2k 

terms from all branches at times k-1 and k, and dividing 

the resulting metrics by 4. 

Therefore, it can be seen that the present 

invention can be utilized to simplify Viterbi detectors 

in channels with a generalized PR target, as well as 

reduced state sequence estimators (RSSE} . For an MTR 

code which allows maximum transition runs to begin every 
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L time periods (where L is greater than or equal to 2), 

a time-invariant radix-2L detector, which operates on L 

samples at every processing step, can also be 

implemented. Of course, the present invention-can also 

5 be extended to an implementation in which more than L 

samples are processed at each processing step. 

Generally, in order to process jL samples 

simultaneously, a radix-j{2)L time-invariant detector 

can be implemented, where j is greater than zero. 

10 The present invention includes a detector 124 

for detecting data encoded in a read signal received 

from a storage channel 100. A Viterbi detector 124 has 

a time-invariant structure 140 (or as described in 

Tables 1 and 2) configured to detect the data encoded 

15 according to a code having time variant constrains. The 

Viterbi detector 124, in one preferred embodiment, is a 

radix-2N Viterbi detector which detects data encoded 

ov~r N clock cycles in the read signal, substantially in 

parallel. The code has time varying constraints which 

20 are periodic on N cycles, where N is greater than 1. 

In a more specific embodiment, Viterbi 

detector 124 is used in a channel utilizing a code 

having maximum transition run length constraints which 

constrains the maximum transition runs in the read 

25 signal to begin no more frequently than every L clock 

cycles. The Viterbi detector 124 is then provided as a 

2L Viterbi detector. 

Viterbi detector 124 is represented by a 

trellis diagram 140 having a plurality of sets of states 

30 128, each set corresponding to a processing interval, 

each state 126 having a corresponding state metric. The 

states 126 in each set are connected to at least one 

state in another set by branches. Each branch has a 

corresponding branch metric. In one embodiment, the 
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number of allowable states 126 in each set periodically 

varies between a higher number and a lower number over 

N clock cycles. The radix-2N Viterbi detector 124 is 

implemented such that it -corre:sponds to a trellis 

5 diagram having only the lower number of states 126 in 

every set. 

The present invention can be implemented in a 

disc drive which includes a computer readable disc 112 

for storing the information, as well as an encoder 110 

10 for encoding the information, and the remainder of the 

read channel described above. 

The present invention can also be implemented 

as a method of farming· a detector 124 . The method 

includes detecting data in a channel utilizing a code 

15 having time varying constraints on a time-invariant 

Viterbi detector 124. In one embodiment, the method 

includes providing a radix-2N Viterbi detector 124 which 

detects data encoded over N clock cycles substantially 

in parallel, where the code has time varying constraints 

20 which are periodic on N clock cycles, and where N is 

greater than one. 

25 

In one preferred embodiment, the code also has 

a maximum transition run length constraint which 

constrains maximum transition runs in the read signal to 

begin no more frequently than every L clock cycles. In 

that embodiment, the step of providing a radix-2N 

Viterbi detector is accomplished by providing a radix-2x. 

Viterbi detector 124. 

The present invention can also be implemented 

30 as a method of detecting data in which a time invariant 

Viterbi detector 124 is configured with a time invariant 

structure 140 which allows the Viterbi detector 124 to 

detect data encoded according to a code having time 

varying constraints. 
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It is to be understood that even though 

numerous characteristics and advantages of various 

embodiments of the present invention have been set forth 

in the foregoi:ng descr.iption, together with details of 

5 the structure and function of various embodiments of the 

invention, this disclosure is illustrative only, and 

changes may be made in detail, especially in matters of 

structure and arrangement of parts within the principles 

of the present invention to the full extent indicated by 

10 the broad general meaning of the terms in which the 

appended claims are expressed. For example, the 

particular elements may vary depending on the particular 

channel response target while maintaining substantially 

the same functionality without departing from the scope 

15 and spirit of the present invention . 
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WHAT IS CLAIMED IS: 

1. A method of detecting data in a storage 

channel, the data being encoded according to a code 

having a time varying constraint; the method comprising 

a step of: 

2. 

providing a Viterbi detector represented by a 

trellis structure having a plurality of 

states connected by branches, each state 

having an associated state metric and 

each branch having an associated branch 

metric; 

receiving the data encoded according to the 

code; 

determining, for each state, the branch 

metrics for a predetermined number of 

branches connected to the state, the 

predetermined number being time 

invariant; 

determining, for each state, the state metric 

associated with the state based on the 

branch 

metrics 

branches 

metrics and 

from states 

connected 

originate; and 

previous state 

from which the 

to the state 

detecting data based on the state metrics 

determinea for each state. 

The method of claim 1 wherein the receiving 

step comprises a step of: 

3. 

receiving the data in a sampled read signal 

including data samples provided in a 

plurality of time periods. 

Tbe method of claim 2 wherein the steps of 

determining the branch metrics and determining the state 
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metrics are performed for each state once over a 
plurality of time periods. 

4 . The method of claim 3 wherein the time varying 
constraint includes a·· run constraint which varies 
between at least a first constraint and a second 
constraint over the plurality of time periods. 
5. The method of claim 4 wherein the plurality of 
time periods comprises N time periods and wherein the 
providing step comprises a step of: 

6. 

providing a radix 2N Viterbi detector which 
detects data provided over the N time 
periods substantially in parallel. 

The method of claim 5 wherein the time varying 
constraint comprises a maximum transition run length 
constraint which constrains maximum transition runs in 
the read signal to begin no more frequently than every 
N time periods. 

7. The method of claim 2 wherein the Viterbi 
detector is represented by a trellis structure having a 
plurality of sets of states, each set corresponding to 
a processing interval, the code having a number of 
allowable states in each set which periodically varies 

· between a higher number and a lower number over N clock 
cycles, and wherein the steps of determining the branch 
metrics and determining the state metrics are performed 
only for the lower number of states in every set. 
8. A detector for use in detecting data in a 
storage channel, the data-being encoded according to a 
code having a time varying constraint, the detector 
comprising: 

a Viterbi detector represented by a trellis 
structure having a plurality of states 
connected by branches, each state having 

an associated state metric and each 
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having an associated 

the Viterbi detector 

comprising, for each state: 

branch 

further 

at least one branch mE?tric · component 

determining a predetermined number 

of branch metrics for the branches 

leading to the state, the 

predetermined number being time 

invariant; and 

a state metric component determining a 

state metric associated with the 

state based on the branch metrics 

and based on previous state metrics 

corresponding to previous states 

from which the branches connected 

to the state originated. 

A communication channel, comprising: 

an encoder configured to encode data into 

code words having time varying 

constraints; 

a rotatable data storage disc which receives 

and stores encoded data; and 

a read channel which reads encoded data from 

the disc, the read channel including a 

Viterbi detector having a time invariant 

structure configured to receive a read 

signal indicative of the encoded data 

read from the disc and detect the 

encoded data in the read signal. 

A method of detecting data encoded in a read 

signal according to a code having time varying 

constraints, the read signal being received from a read 

channel, the method comprising steps of: 
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providing a Viterbi detector having a time­

invariant structure which enforces the 

time varying constraints on the code; 

receiving the read signal at the Viterbi 

detector; and 

detecting data in the read signal with the 

Viterbi detector. 


