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ERROR MEASUREMENT CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Technical F.ield: 

The present invention relates in general·to a data 
storage and recovery sy~tem and in particular to an error 
measurement circuit for testinq a data storage and recov-. . . 

ery system. Still more particularly, the present inven-
tion relates to an error m~asurement circuit for.testing a 
data storage and recovery sy~tem from error value samples. 

~- Description of the Related Art: 

. . 
Computers often include auxiliary data storage units 

for the ai:;chival or long term storage. of da"ta and pro­
grams. Auxiliary data storage uni ts ·~ave me~ia on whi·ch 
data is written and from which d~ta can be read for later 
use. Magnetic disk units are common auxiliary data stor­

:,..· '• age units. Magnetic disk units use·. stacked, commonly 
rotated rigid magnetic disks for· ~storage of data.. The 
magnetically polarizable surf aces of the disks provide the 
media. Data is recorded in concentric, radially spaced 
data information tracks arrayed on the surfaces of the 

":'ot .. disks. Transducer heads driven iri a path ~oward and away 
from the drive axis write data to the disk surfaces and 
read data from the disk surfaces. 

Data recovery systems qenerate electrical siqnals 
from magnetically polarized regions on the disk surfaces 
by transducer heads in order to reconstruct the data writ~~ 
ten to the disk surfaces. Partial-response signaling with 
maximum-likelihood sequence detection (PRML) techniques 
are used in digital data communication and recording aR-, .~·; 

plications to maximize the likelihood that the data recon-.... _-:.·.- . . ~ ·' 
·•. "l'I''' 

l. ' ·· ·i' ': r ~ .. · 
. ·. •. ·. . ·, -~ .~ ~ :· ··1 . . ~ . 

· ... 
·.··-



2 

structed by the data recovery system is accurate. The 

data storage system uses partial-response signaling to 

produce signals with "controlled" intersymbol interfer­

ence. Maximum-likelihood sequence detection is the tech­

nique used by the data recovery system to produce·the most 

likely estimation of the ~ecorded·data. 

Various tests are known for evaluating magnetic stor­

age uni ts during. their manufacture and operation. Many 

t1;:sts are directed to monitoring the flying height. of a 

slider which carries the transducer head and f o·r determin­

ing a precompensation value for correc~ing nonlinear bit 

shift. 

Some tests performed on data storage and recovery 

systems have required the use of expensive test equipment. 

In some sampling systems, equaliz~eion values, used ·to 

eliminate intersymbol interference, ·need to be calculated. 

In order to ma~e the calculati.on, special test stations . . 
are used in th~ laboratory and manufacturing area which 

comprise test equipment such as a digital oscilloscope or 

a. logic analyzer and dedicated numeric. processors. Each 

test station ·may be quite expensive. As a result, only. 

random uni ts have been tested due to the cost and time 

involved in performing the tests. 

A need exists for reducinq fa"ilures ;£' data storaqe 

and recovery ·sy~tems by obtaining detailed magnetic inf or­

mation about all units. A need also exists for accumulat­

inq results of procedures performed on the data storage 

and recovery systems in a data base to be accessed at a 

later time for evaluation of the accuracy of the manuf ac­

turinq processes. A need exists for performing procedures 

on every data _ storaqe and recovery system and permitting 

the results of the procedures to be i~mediately available 

to the manufacturing data base, so that problems in the 

'•'•.•I 
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manufacturing process could be solved early in the manu­

facturing proces~. 

SUMMARY OF THE INVENTION 

It is theref-ore one object of the present invention 

to provide an error measurement circuit for perf9rming 

procedures on a data storage and recovery system. 

It is another object of the present invention to 

pr_ovide an e:t:}.:"Pr ·measurement ·c:i:.rcui t. for performing proce­

dures on a data storage and recovery system utilizing 

error value samples. 

The foregoing objec:t.s are achieved as is now de­

scribed. The invention provides a circuit and method for 

performing test procedures on ~ data storage and recovery 

system; for a magnetic storage unit. Error sample _values 

from a read operator in a data storage and r~covery system. 

are applied to a first and a second process path to gener-­

ate output ~ignals. A source of level samples of a logi­

cal data level is also provided. Tiu~-- first process path 

generates an output signal" compr±sing the square .JJf each 

error value sample. The second process path compares the 

error value samples and a compare level and generates an 

output signal comprising a result of each comparison. The . 

output signal of the first proces·s path, 1:he second pro-·. 

cess path, or the level samples is·selected and i~ associ­

ated with a data type. In response to a coincid~nce of a 

. data -type associated with the selected signal with a de~ 

sired data type, the selected signal is gated and then 

accumulated. The window during which the selected signal 

is accumulated may vary. The accumulated value is used as 

an input variable to a selected test to determine the 

accuracy of the data storage and recovery system. 
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The above as well as additional objec ts, features,-· 

and advantages of the present invention will become appar­

ent in the following detailed written description~ 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the 

invention are set forth in the appended claims. The in­

yention its elf however, as well as a pref erred mode of 

use, further objects and advantages.thereof, will best be 

understood by reference to the following·detailed descrip­

tion of an illustrative embodiment when read in conjunc­

tion with the accompanying drawi~gs, wherein: 

Fiqure 1 is a schematic and block diagram of a data 

storaqe a~d recovery system embodying tqe present inven-
: . 

tion. 

Fiqure 2 is a diagram showing· the accessing mechanism 

for a single disk surface of the data storage and recovery 

system of Fiqure 1. 

Fiqure 3 is a block diagram illustra~ing the _.process . 

of storing and retrieving data within the data storage and 

recovery system of Figure 1. 

Figure 4 is a block diagram 'illustrating a circuit 

for carrying· out the error measurements within -the data 

storage and recovery system in accordance with the present 

invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

With reference now to the fiqures and in particular 

with reference to Figure 1, there is shown a partly sche­

matic block diagram of parts of a data storage and recov­

ery system 10 and an interface control unit generally 
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desiqnated as 14. Data storaqe and recovery system 10 .is 

illustrated in simplified form sufficient for an under­

standinq of the present invention because the utility of 

the present invention is not limited to the ·details of a 

particular drive unit construction. 

Refei;rinq now to Fiqures 1 and 2 of the drawinqs., 

data storaqe·and recovery system 10 includes a stack 16 of 

disks 18 each havinq at least one maqnetic surface 20. 

The disks 18 .. are mounted in parallel f~r simultaneous 
. . 

rotation on and by an integrated spindle and motor assem-

bl~ 26. Data information on each disk 18 are read and/or 

written by a corresponding transducer head 28 movable 

acr·oss the disk surface 20. 

Tran~ducer heads 28 are mounted on flexure sprinqs 30 

carried by arms 32 enqa~ed toqether for· simultaneous piv­

otal movement about a support spindle 34. One of ·the arms 

32 includes an extension 36 driven in a pivotal motion by 

a head drive motor 38. Althouqh several drive arranqe-

ments are commonly used, the motor 38 can include a voice 

coil motor (VCM) 39 cooperatinq with:·· a ·magnet and core 

assembly (not seen) operatively. controlled for mov-inq the 

transducer heads 28 in synchronism in a radial dir~ction 

in order to position the heads in reqistration-with data 

cylinders to be followed. The VCM 39 is movable within a 
~., 

fixed maqnetic field, and the direction and velocity of · 

the coil movement is controlled by the current supplied. 

The various components of the disk file 10 are controlled 

in operation by siqnals qenerated.by control unit 14 such 

as motor control signals on line 26A and position control 

siqnals on line 38A. 

Referrinq now to Fiqure 3, there is shown a block 

diagram illustratinq the process of st9rinq and retrievinq 

data within the data storaqe and recovery system of Figure 

1. Data -to be wri tte~ is applied to an encoder 300 for 
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p~oviding a modulation coded output having predefined run 

length constraints, such as for. the minimum and maximum 

number of consecutive zeros and the maximum run length of 

zeros in the even and odd _recorded sequences in the over­

all recorded sequence. The output of encoder 300 is ap­

plied to s~rializer 301 which takes the 9. bit parallel 

output of encoder 300 and translates it into a serial 

forl_ll. Precoder 302 ·follows .the · serializer 301 and is 

described by a l/(1-D2) operation where D is a ~nit delay 

operator. Pre~oder 302 cancel.s. the effect of the (1-D2) 

equalized head and disk transfer ·function. This permits 

the customer data written to.encoder 300 to be the same as 

the customer data output · from the decoder 320. Precoder 

302 is used to simplify the construction of encoder 300. 

Without precoder 302, it would be necessary to constrain 

the run length of ones, zeros, zero-one pairs and one-zero . . 
pairs. ·. A precompensator 304 is coupled to 'the precod~r 

302 and provides 1a modulated· binary pulse s~qnal applied 

to a write driver 306. Precompensator 304 is used to 

compensate for nonlinear bit shift which occurs during the 

.writing of the data to the disk surface by delaying ·in 

time the writing of selected bits representing the data. 

The compensated output from precompensator 304 is..applied 

as a modulating function to write driver 306 which applies 

the write current to the write transducer. 

An analog read·signal is obtained at head and disk 

block 308 described ·by the { 1-D2) operation. The read 

.signal is converted to digital form by an analog to digi­

tal converter (ADC) 312 that provides 64 possible 6-bi t 

sampled values. Digital filter 316 then takes the sampled 

values, filters them and outputs .equalized data samples. 

The output of digital filter 316 is applied to a Viterbi 

decoder 318. The serial output of Viterbi decoder 318 is 
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deserialized as depicted at block 319 which is coupled to 

a decoder 320 to complete the data recovery portion of the 

system. 

The output of digital filter 316 is also applied: to 

the general error m~asurement ci~cu~t illustrated in block 

317. General error measure~ent circuit 317 takes as its 

input the equalized data samples and performs a test uti-

lizing error 

data samples. 

value samples generated from the equalized 

Results of the test are then made available . . . 

to a microprocessor bus of the data storage and recovery 

system. 

Referring now to Figure 4, there is depicted a block 

diagram illustrating a circuit for carrying out the error 

measurements of error measurement circuit 317 according to 

the system and method· of the present invention. Data 

samples output from block 316 (see Figure· 3) are received 

at block 410. Block 410 illustrates ~he generation. of 

error value samples from the data samples. An error value 

sample is generated by calculating the difference bet~e~n 

the expected value of the data s~mple and the value of the 

received data sample. The data samples have been obtained 

from a signal stored in the data storage and recovery 

system. A data type, such as a: positive on~, negative 

one, or zero is identified for each error value sample 

generated and associated with tlie received error value·. 

sample. 

Error value samples are input to ·a first process · 

path, a second process path and a third process path. 

Error value samples input to a first process path are 

squared by squarer 412. Squarer. 412 generates a signal 

output comprising the square of each error value sample. 

Error value samples input to a second process path are 

compared to a compare level 416 by comparator 414. 

Comparator 414 generates an output comprising a logical 
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one when the input error"value sample is greater than or 

equal to compare level 416, and a logical zero when- the 
input error value sample is less than compare level ·416. 

A third process path includes a multiplier 418 and an 

i~vertor 420. Error value s~mples input ~o the third 
process path may be processed by both multiplier 418 and 
invertor 420, or neither multiplier 418 nor invertor 420. 
In addition, error value samples input into the third 
process path may not be processed by either multiplier 418 
or invertor 420. Selection is made by microprocessor 421 
depending upon the test· to be preformed. 

Multiplier 418 multiplies each error value sample by 
a slope of the signal stored in the data storage and re-

.. ··covery system. Each instant along "the stored siqnal has: 
an associated slope. The slope of tlie stored siqnal asso­
ciated with a data sample is multiplied by the error value' r 

sample generated from that data sample. The result of 
this multiplication is then input ~nto invertor 420 if 
invertor 420 is to be a part of this process. 

Irivertor 420 receives as its input either multiplied 
error· valu~ samples if multiplier 418 was included in the 
process, or the error value samples if multiplier 418 was 
not included in the process. In response ~ an input of a· 
consecutive number of error value samples or multiplied 
error value samples which are associated with a data type 

.of zero, invertor 420 will invert the input by reversinq 
the sign of the last error value sample or the last multi­
plied error value sample of the consecutive number. 

from the 

the third 

Selector 422 receives a signal as an input 

first process path, the second process path, 

process path, or a source of level samples 424 
cal data level. In a pref erred ·embodiment, 

of a logi­

sow:-9e of 
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samples 424 provides a logical one as an input to selector 

422. Microprocessor 421 uses S~lector 422 to pass the 

output signal of one of the process paths, or the source 

of level samples 424 to Gate 426. 

Once selector 422 has selected a siqnal generated by 

one of the pro~ess paths or sample source 424 as an input~ 

selector 422 outputs the selected signal to gate·426. Gate 

426 passes the selected siqnal in response to coincidence 

of the data type associated with a siqnal with a desired 

data type supplied by source 428. In a preferred embodi­

ment, the length of time a siqnal is .. gated through gate 

426 is a window of e:i:-ther 864 b~ts or 2016 bits as illus­

trated by source 430. The microprocessor 421 determines 

window length depen~ing' upon the number of samples re­

quired for a test. 

The output of gate 426 is then accumulated1in accumu­

lator 432. The result now in accumulator-432 may be ac­

cessed by microproces~or 421 within the data storage arid. 

recovery sy~tem. The result may then be utilized to iden­

tify a problem within the data stora~e and recovery sys-

tern. 

The error measurement circuit may be utilized to 

perform many different tests which in the past have been· 

performed by connecting the data storage and recovery·­

system to test equipment such as digital·oscillos~opes and 

logic analyzers. For example, nonlinear bit shift may be 

measured using the circuit. When a data pattern written 

on a disk has a value change after one bit, for example a 

write current data pattern of 111011 the magnetic field 

associated with the magnetic regions utilized to store 

these values begin to interact with adjacent regions mag­

netic boundaries resulting in the bits appearing shifted 

when the data pattern is read by the system. Th±s may 

result in an incorrect data pattern. being reproduced. 
I 
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A pr~com~ensation value may be calculated by micro­

processor 421 using information about th·e nonlinear bit· 

shift obtained by the error measurement circuit. A re-. . 
cording of a signal is first made in the data storage and 

recovery system.· The recording is ~hen read and filtered. 

as i"llust~ated in . Figure . 3, blocks 312 ·and · 316. Samples 

obtained from the signal are. then input into block 410 

from which error value samples are generated. 

Nonlinear bit shift is evaluated using the multiplier 

418. . The· error value sample is then multiplied by the 

slope of the stored signal associated with the data sample 

from which the error value sample was generated. Selector 

422 selects the third path and ou~puts the processed error. 

value sample to gate 426. The data.type to be utilized 

for gating the data samples· for this test is z.~ro data 

type only. Therefore, data type 428 is set to a zero data 

type. Only those processed error values associated with a· 

data type of zero will be qated through and stored in the 

accumulator. Each processed error·va:lue samP.le is added 

to the value stored in accumulator ~432. After the -test is· 

complete, the value stored in accumulator may be accessed 

by a microprocessor within dat~ storage and recovery sys­

tem to be input as a precompensation value into 
. ~ .. 

precompensation 304 as illustrated in Figure 3. 

Another test that may be performed is a delta fly 

·height measurement. A predetermined encoded test pattern 

11001100 is written to at least one predetermined region 

of the disk surface 20. Analysis of data samples read · 

back from the predetermined encoded pattern 11001100 is 

used to identify an average deviation value corresponding 

to flying height changes. When the delta fly height is 
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low I the resul tinq value in means for accumulating 432 

will be low. When the delta fly heiqht is hiqh1 the re­

sulting value in means for accumulating 432 will be high. 

Data samples of the recorded signal are input into 

block 410 and ~rror value samples are generated. · The 

third process path is ·selected and both multiplier 418 and 

invertor 420 are utilized. Each error value· sample is 

multiplied in multiplier 418 by the slope of the stored 

signal associated with the data sample from which the 

error value sample was generated. · I( the error yalue 

sample was generated from a data sample associated with 

the last zero of a consecutive number zeros~ the sign of 

the error value sample will be inverted. . Selector 422 

outputs the processed error value sample to gate 426. The 

data type to be utiliz~d for gating the data samples for 

this test is zero data type only. Therefore, data type 

428 is set to a zero 4ata t'ype. ~e length .of. the test 

may be either 864 or 2016 bits as. sel.ected by block. 430. 

Each processed error value sample is added to the value 

stored in accumulator 432. After. the test is complete, 

the value stored in accumulator may·-be ~ccessed by a ~i­

croproces_sor within data storage . and recovery sys.tern to 

evaluate and correct fly height. 

On occasion the average value of all error value 

samples may need to be determined. In ~his case 1 the · 

third process path is used and neither multiplier 418 nor 

invertor 420 is utilized. Selector 422 selects the third 

process path and outp~ts each error value sample to gate 

426. The data types ~o be utilized for gating the data 

samples for this test are all types, including zeros, 

~nes, and negative ones. The length of the test may be 

either 864 or 2016 bi ts as selected by block 430. The 

result stored at the end of the test in accumulator 432 

will be the total of all error value samples. 

·:. 
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In order to count the number of erro~ value ·samples 

received, another read is performed with selector 422 

selectinq source 424. The-data level for sourc~ 424 in a 

preferred embodiment is a loqical one. The data type for 

this test is set for all types a~ depicted by block 428 

and the durati~n may be .set to either 864 or 2016 as de­

picted by block 430. Gatinq 426 will therefore output a 

loqical one to accumulator· 432 for each error value sam­

ple. The result in accumulator 432 will be the total 

number of error value samples read. The averaqe may then 

be calculated usinq the total number of error value sam­

ples read and the sum of all .error value samples. 

The first path is utilized for an ·evaluation the 

accuracy of the overall data storaqe and recovery system . 

. Squarer 412 squares each ·error value sample. received. 
. . 

Selector 422 selects the first path and output "the squared 

1 error value sample to qate 426. All dat~ types are to be· 

qated. The duration of the test may vary. Gate 426 out­

puts the squared error value sample to accumulator 432 

which then adds the squares of each error value sample. 

More accurate systems have a low sum·-0£. the· squares of the 

error value samples. 
•. . . 

Another test may be performed to determine the level 

of noise in the data storage and recovery system, the 
~ .. 

second process path is used. Error value samples are 
. . 

compared utilizing comparator 414 to a predetermined com-

pare level 416. If the error value sample is·greater than 

or equai to compare level 416, comparator 414 outputs a 

logical one. If the error value sample is less than com­

pare level 416, comparator 414 outputs a logical zero. 

Selector 422 selects the second process path and outputs 

the result of comparator 414 to gate 426. The data type 

will vary depending on which analog to digital converter 

312 level the error measurement circuit is reading. Accu­

mulator 432 will then represent the output of comparator 

..:. 
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414 for each level. A microprocessor within data storage 
. . 

and recovery s~ste~ may obtain ea~h output and c_reate a 

plot which will illustrate · a distribution of all data 

sample values .. This distribution may be used to determine 

the amount of noise in the system. 

While the invention has been particularly shown and 

described with reference to a pref.~rred embodiment, it 

will be understood by those skilled in the art that vari-
. . 

ous changes in form and detail may be made therein without 

departing from the sp~rit and scope of the invention. 
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CLAIMS 

1 . A circuit- ·for performing test procedures on error 
values for data samples - of known data types, the 
circuit comprising: 

means responsive t_o receipt of data samples for gen­
erating error values; 

means responsive to the error values for processing 
an evaluation sample relating to a test case from 
each error.value; 

means responsive. to specification of the test case 
for selecting a type of processing; and 

means for accumulating the evaluation samples. 

2. The circuit according_ to Claim 1, further including 
means for processing includes .a plurality of pro­
cessing paths and the means for selecting selects 
one of the processing paths. - -~ · .. 

3. The circuit according to Claim 2, wherein each error 
value is associated with a data sample, and wherein 
each error value has an identified data type. 

4. A circul.t for performinq .. test procedures on a data 
storage and recovery system from data samples ob­
tained from a recovered signal, wherein the data 
samples are associated with a particular data type, 
the circuit comprising: 

means for generating error value samples from the 
data samples; 

I 11111111111111111111111111111. 
* C L M S * 
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a first process path taking.the error value samples· 

as its input and including means for qenerating an 

output signal comprising the square of each error 

value sampl:e; 

a second process path taking the error value samples 

and a compare level as its inputs and including 

means for comparing the inputs and 9enerating an 

output signal comprising results of each comparison; 

a source of a sample siqnal at a logical data leve1;. 

means for selecting an. evaluation signal from the 

output siqnals or the sample siqnal; 

means for identifying a p~rticular data type to each 

error value s~~ple; 

I 

means responsive to coinciden~e of a data type of the 

evaluation · signals with a desired ·data type for 

gating the .evaluatio~ signal; and 

·- ..... .. . 
means for acc~ulating. the -evaluation signal. foi; a 

predetermined period. 

5. The circuit according to Claim 4, wherein the accumu­

lated evaluation signal may·· be accessed by a data -

processing system for calculation of correction 

values utilize9 in a data storage system. 

6. A circuit for performing test procedures on a data 

storage and recovery system from data samples ob­

tained from a recovered signal, wherein the data 

samples are associated with a particular data type, 

the circuit comprising: 

I lllllll llllll lllll lllll II llll 
* C L M ·S * 
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means for generating error value samples from data 

samples obtained from a stored signal; 

a first process path taking the error value samples 

as its input and including means for generating an 

output signal comprising the. square of each error 

val.ue sample; 

a second process path ·taking the error value samples 

and a compare level as !ts inputs ana including 

means for comparing the inputs and generating an 

·output signal comprisinq results of each comparison;. 

means for selecting an evaluation signal from the 

output signals or the sample signal; 

means for identifying a particular data type to each 

error value sampie; 

means responsive to coincidence of a data type of the 

evaluation signal with a desired data type for gat-
. . 

ing the evaluation signal; and - ~-.. 

means for accumulating the evaluation signal for a 

predetermined period. 

7. The circuit according to Claim 4 and~, further com-· 

prising a third process path taking err-or value 

samples as its input and passing a signal comprising 

the error value samples as an output signal to the 

means for selec~ing. 

8. The circuit according to Claim 7, wherein. the third 

process path further comprises means for multiplying 

each error value sample by a slope.of the recovered 

signal, wherein each error value sample includes an 

associated slope. 

t tlllllt tltlll llllt tllll ti lilt 
* C L M S * 
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9. The circuit accordinq to Claim 8, whereln-the-third '. J 
prqcess pa.th further comprises means responsive to .~:, .. . . _.,. __ ..... __.._... .. 
an input of a consec~tive number of error value 

samples· qenerated by data samples associated with 

data types of zero for invertinq the siqn of a last 

error value sample qenerated by a data sample which 

is associated with a data type of zero. 

10. The circuit accordinq to Claim 7, wherein third pro­

cess path fu:c:ther comprises means responsive to an 

input of -a consecutive number of error value .samples 

qenerated by data samples associated with data types 

of zero for invertinq the siqn of a last error value 

sample generated by· a data sample which is associat­

ed with a data type of.zero. 

11. The circuit according to Clai~ 4 and p1 wherein the 

result of the second process path is a .logical data 

level 'tone" if the error value sample is qreater 

than the compare level. 

12. The circuit according to Claim 4 and 6, .wher~in the 

result of the second process path is a loqic~l data 

level "zero" if the error value sample is less than 

the compare value. 

13. The circuit according to Claim 6, wherein the accumu­

lated evaluation signal may . be accessed by a data . 
processi~q system for calculation of correction 

values utilized in performing test procedures on the 

data storaqe and recovery system. 

14. A method in a data storaqe and recovery system for 

performinq. tests on th~ data storaqe. arid recovery 

system from data samples obtained from a recovered 

siqnal, the data samples beinq associated with a 

111111111111111111111111111111 
* C L M S * 
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particular data type, the method c9mprising the 

steps of: 

generating error value samples from data types ob­

tained from a ~tored signal; 

providing samples at a logical data level; 

generating an output signal comprising the square of 

each error value samples frc:>m error value samples 

input into the first p~ocess path; 

comparing error value samples and a compare. level 

input into the second process path and generating ~n 

output signal compris~ng a result of each compari-

selecti'ng an output signal or the samples at the 
logical data ·1evel; 

identifying a particular data type at each ·error 

value sample; .... ~-

gating the output signal from the step of selecting 

in response to coincidence of a data type associated 

with a signal with a desired data type; and 

accumulating the gated sample for a predetermi~ed 

period, wherein the accumulated, gated sample may be 

accessed by a data processing system for calculation 

of correction values utilized in performing tests on 

the data storage and recovery system. 

15. The method according to Claim 14, further comprising 

the step of generating an output signal comprising 

the error value samples as the output signal. 

111111111111111111111111111111 
* C L M S * 
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. . . 
16. An ·apparatus for storing and recovering information, 

comprising: 

a housinq; 

a spindle rotatably attached ~o said housinq; 

a disk mounted to said spindle; 

a transducer movable across tbe surface of said disk, 
said transducer readinq or writing information to or 
from said disk; 

a data channel for encodinq data to be written to 
said disk and for decoding data after information is 
read from said disk; and 

a circuit having as an input, a signal from said data, 
cj:lannel, said c_ircui t comprisinq: 

means responsive to receipt of-data samples for qen-
erating error values.; 

• . . . 
means responsive to the error values for processinq 
an evaluation sample relatinq to a test case from 
each error value; 

means responsive to specification ·of the test case 
for selectinq a type of processing; and 

means for accumulating the evaluation sa~ples. 

\ \11111\ lllll\ Hill lll\l ll llll 
* c L. M S * 


