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10 BACKGROUND OF THE INVENTION
Digital storage devices, in particular disk storage
devices, are typically tested through the use of scripted
tests which cause the device to perform according to
predetermined test parameters, command sequences and
15 command conditions. Errors generated as a result of the
test are normally logged. As it is usually not practical
to test all possible permutations of commands and
conditions, scripted tests generally contain a set of
selected test parameters. As a result, many infrequently
20 occurring errors may be overlooked in testing. Scripted
tests have failed to identify a significant number of
errors that are experienced by the end users of the disk
storage devices. It would, therefore, be advantageous to
cause the testing of the device to identify errors that a
25 conirentionil ééfipted te.st typiéﬁlly fails to identify, s0
that, if possible, the cause of such errors can be
corrected before the errors are experienced by end users of

the devices.
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OF THE I NVENTION I n accordance with the present invention, an apparatus is

‘ provided for testing an el ectro-mechanical digital storage device by
provi ding sel ected test paraneters to the 5 device in a nmanner that

addresses the
appar at us i nCYQESIW di gital conputer, a first interface f WAL r i ng

deficiencies associated with the use of scripted tests.

i nformati on between the apparatus and a test operator or another device,

array of test paraneters,

the array and a second interface for transferrln% I nformation that is

related to the sel ected test pasm R (RRE &

under test Cbnventhﬁbﬁfuxl ted t ener al | useng fixed set 15 of
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test paraneters and
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associated with the use of scripted tests. The apparatus
includes a digital computer, a first interface for
transferring information between the apparatus and a test
operator or another device, an array of test parameters, a
device for selecting a test parameter from the array and a
second interface for transferring information that is
related to the selected test parameter between the
apparatus and the device under test

Conventional scripted tests generally use a fixed set
of test parameters and follow the same sequence each time
the test is run. While this type of test is useful for
testing known problem areas and for establishing a
reference baseline for multiple tests, it has been found
that a conventional scripted test is unlikely to disclose
problems which are not contemplated by the test designer.
The structure of the test and the selection of test
parameters are often influenced by the experiences or
biases of the person creating the test with respect to the
importance of certain test parameters and the likelihood of
certain error conditions. Furthermore, it has been found
that while a scripted test may be effective for a
particular device or device type, subsequent device changes

and developments may render the test ineffective. In

a 10 device for2selecting a test paraneter from

&Mar at us and the device .

ucture of the test
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bi ases of the person creating the test with respect to the inportance of
certain test parameters and the likelihood of 25 certain error_conditions.
foomd—Tmat wWhite a scripted test may be effective
for a partlcular devi ce or device type, subsequent device changes and

devel opments may render the test ineffective. In WD 97/ 15930

PCT/ US95/ 137 apisesddi tion, it has been found that when a BCYUSSAFT4est |is
used during the devel opnent of a device to identify and di agnose errors and
the device is nodified to decrease or elipjpate errors identified by the
test, the original test 5 may not identify new errors which result fromthe
modi fications. JaefdPb! RiNHas Yediflfoutidl that"RRhadCeciliptée tese fdere
an i ndi vi dual paraneter may not cause gn error, but certain sequences of
parameters or cesédtagpingathe developmerit of a devitceghosidenbpifypland with
a storage device, one factor is the existence of a group of errors which
seemto be reIadedgn¢setQ§mnnﬁgaadgthendeﬁﬁﬂﬁnﬁﬁ nodified  ter derrepsa: OF o
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modifications. This problem is of particular importance in

Il_‘

the case where an individual parameter may not cause an
error, but certain sequenées of parameters or conditions
cause errors.

10 In diagnosing problems with a storage device, one
factor is the existence of a group of errors which seem to
be related. In testing a given command, repeated errors
that are associated with a related group of command
variables indicates that the problem is associated with the

15 values of the variables. For example, the execution of a
seqguence of read commands that cause information to be read
from several closely associated locations on the storage
medium may result in a number of errors. However, since
most scripted tests do not test every possible combination

20 of test parameters, it is unlikely that the scripted test
would identify the group of errors uniess the test designer
considered that command—location combination likely to

| pfé#ent.a particular problem.
The present invention -addresses these problems by

25 dynamically modifying the testing process to adjust to each
device being tesﬁed to hunt out such problem areas. In

addition, dynamic adaptation may be used to identify new



from several closely associated |ocations on the storage nedium nmay result

I n a nunber of errors. However, since nost scripted tests do not test every
possi bl e conbi nati on 20 of test paraneters, it is unlikely that the
scripted test would identify the group of errors unless the test designer
consi dered that conmand-|ocation conmbination likely to present a particul ar
probl em The WO i nventi on addresses these probl ens by PETU§saAM74al | y
nodi fying the testing process to adjust to each device being tested to hunt
out such problemareas. In addition, dynaggc adaptati on nay be used to
identify new WD 97/ 15930

PCT/ US95/ 13774 problems wiiichh mayy result t £¥om changescor anoditiidatiahsoag of a
device. In one enbodi nent of the invention, the initial test paraneters are
arranged in an &rfeYic&est paraneters are 5 selected fromthe array and
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arranged in an array. A seed nunber is provided

tested. When an error event occurs in response to the

provision of a test parameter, the array of test parameters

is modified to increase the probability that the test

parameter generating the error will be selected, thus

10 increasing the probability of an error occurring.

In another embodiment, the test parameters are
similarly arranged in an array. A seed number is provided
to a random number generator which generates a series of
numbers which is uniquely related to the seed number. The

15 series of numbers, in conjunction with rules governing the
test enviromment, is used to select test parameters from
the array, which are then provided to the device under
test. In contrast to a scripted test where the sequence of
test parameters is defined by the script, the sequence and

20 selection of test parameters used will vary as different
seed numbers are used, resulting in a test having
increasing scope as more seed nunbers are used.

| In another embcdiment of the invention, infomation
relating to the test conditions is stored in the device

25 under test during testing to provide reference diagnostic
information concerning errors. |

The apparatus permits testing of a broader range of

conditions and parameter segquences than conventional



to a random nunber generator which generates a series of nunbers which is
uniquely related to the seed nunber. The 15 series of nunbers, in

" CoRftettomwrtirutes gover g tie test envirtonnent, is USed 10 Ssel ect
test paraneters fromthe array, which are then provided to the device under
test. In contrast to a scripted test where the sequence of test paraneters
is defined byybbssesg i Pt. the sequence and 20 sel ection of pdpesesasranet ers
used will vary as different seed nunbers are used, resulting in a test

havi ng i ncreasing scope as nore seed nunb§§§ are used. In another

enbodi nent of the invention, information relating to the test conditions is
stored in the dguifSeed tebtdS’ h8Sh HeEuld, [ €Ré | BreddtdaNd dRcupheycage

di agnosti c information concerning errors. The apparatus permts testing of
a broader rangethé ceaxt t resalesd igar dnprevedsquefhes apparatus/cavobds |
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overcoming the drawbacks associated with conventional

scripted tests.
Based on the foregoing summary, a number of salient
features of the present invention are readily discerned.
10 The apparatus may adapt the testing of the device in
response to the errors which occur, allowing the test to
focus on potential device faults, even if errors or the
potential fault were not anticipated by the creator of the
original test. The use of a random number generator in
15 conjunction with a seed number allows for a specific test
sequence to be replicated by use of the same seed number,
while use of different seed numbers allows for variation in
testing sequence, thus assisting in identifying unsuspected
problem areas. The use of reference information during
20 testing assists in the diagnosis of the cause of errors.
Additional advantages of the present invention will
become readily appa_rent from <the follow_i;_ng discus_sion,
pax-:t.icthllarly when taken together with the accompanying
drawings.
25
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of an apparatus according to

the present invention:



scripted tests. Based on the foregoing sunmary, a nunber of salient
features of the present invention are readily discerned. 10 The apparatus
- mayradapt the testing of the device in response to the errors which occur,
al Fowing the test to focus on potential device faults, even if errors or
the potential fault were not anticipated by the creator of the original
test. The usavedrBewandom nunber generator in 15 conjunct i REFTARMITE seed
nunber allows for a specific test sequence to be replicated by use of the
sanme seed nunber, while use of different sged nunbers allows for variation
In testing sequence, thus assisting in identifying unsuspected problem
areas. The use of refixyencesi afcrartt idhusktrating Gynanici meditisattioni aft he
di agnosi s of the cause of errors. Additional advantages of the present
i nvention will ancareay «fiitegtapprareters ok MeSPEBBRORPNGFEPERUSSI ON,
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g((::%;) [ngg g? 15(7)7 Z hﬁg&fﬁﬂﬁtiéﬁv ent i'gﬁﬁltind/\o QH'J\;’ 930 successive dynamic
5 modification of an array of test parameters in response to
errors; and
Fig. 4 is a chart illustrating a change in the
weighting of an array of test parameters in response to an
error.
10
DETAILED DESCRIPTION
Fig. 1 is a block diagram of a digital computer for
. testing digital data storage devices, hereinafter digital
computer 10. The digital computer 10 includes a memory for
15 .containing a plurality of test parameters, hereinafter
memory 12. The digital computer 10 also includes a testing
device 14 that selects test parameters from the memory 12,
sends the selected test parameters to the storage device
being tested or to test enviromment apparatus via a
20 interface device 16, and receives error information from
the device being tested via second interface 16. The
digital computer 10 also includes a user interface 18 that
' receives input inf.ofmét'ion reiati;nq | f.o the test from an
operator or another device, and transmits output
25 information relating to the test to the operator or to
other device. In some cases, information relating to the
test, such as the sequence of the test and the frequency of

the use of each test parameter may be generated by the



Fig. 2 is a chart illustrating dynam c nodification of an array of test

paraneters in response to errors; Fig. 3 is a graph illustrating

© Changes—tA—probabttities resuttTTTy fTom—successive dynamc 5
nodi fication of an array of test paraneters in response to errors; and Fig.
4 is a chart illustrating a change in the weighting of an array of test

par aneters i“wb?@? e to an error. 10 DETAI LED DESCRI PTI ONpEt/fisosasi?s @
bl ock diagram of "a digital conputer for testing digital data storage

devi ces, hereinafter digital conmputer 10. ;ﬁe digital conputer 10 incl udes
a menory for 15 containing a plurality of ‘Test paraneters, hereinafter
menory 12. The (i gi ekl I Lael wde | deyl hat
el ccts test parShsiny GRVEL e dnd SHcbBE! KRR, (peirablx B! Ghothel
paranmeters to tR@ayitel ageck W8 @° reebpdingdredoiging aevice rehiroughicaber
apparatus via a 20 I nterface device 16, and receives error information
fromthe device intergatesiged via second interface 16. The digita
conputer 10 also includes a user interface 18 that receives_input

i nf or mati on rel ati ngWhle Hehe presens invenpion,®3¥ bg adapted for ya¢; dp
d-t 1§ t 25 L nf ti | at i t he, test
operator or 3o GoRBRChLon cuith, & Fhrih OF ldrtihmitnaRital ) digieny,
test, such as thgo3agEeNHavikekh® R Qs lIptichalUe6Y Othe various
embodiments which follow generally relate to disk drives.

The test parameters which may be used in the invention
cover a broad range. The test parameters can include a set
10 of commands, command variables and test modes (each of
which may comprise a group of test parameters or a single
parameter) to which the storage device being tested is
responsive. Test parameters can also include parameters
related to the test environment, such as voltage,
15 temperature, humidity, shock and vibrations. The test
parameters can further include any condition or action that
may be controlled by the testing apparatus.
While test'parameters are generally communicated from
the testing apparatus to the storage device itself, test
20 parameter information may also be communicated to other
deQices. For example, a test parameter relating to heat
might be cpmmunicatgd.tola separate device for controlling
the temperature of the enviromment in which the storage
device is being tested.
25 " The test parameters are generally stored in an array,
which may be comprised of a group of arrays of different
parameters., In one embodiment of the invention, the

testing device 14 uses information resulting from an error



t he- use of each test paranmeter nmay be generated by the WO 97/ 15930

PCT/ US95/ 13774 -7- testing device 16 and output to the operator or another
* devi‘ce, such as a recording or |ogging device through user interface 18.
While the present invention may be adapted for use in 5 connection with a
variety of electro-nechanical digital storage devices, the descriptions
of the varivemsysedsodi nents which follow generally rel at e PCH/ONSMA37M i ves.
The test paraneters which may be used in the invention cover a broad range.
The test paraneters can include a set 10 —gf commands, conmmand vari abl es
and test nodes (each of which may conprise a group of test paraneters or a
si ngl e par anet eéyent® tdhiadapththet test)casidhec erioragocant cthus crepbingve.
Test paraneters can al so include paraneters related to the test

envi ronnent, sudynamic sidapidve) sestsnpcThepdaptation tin responsgngo an
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error. The adaptation, therefore, is intended to increase

the probability of selecting the test parameters that have

previously produced an error. The amount of information

which is "learned" increases with the number of test

10 iterations and can be gathered from a single device or a

group of devices. Rather than a programmer or operator

modifying the test, the seguence of tests is shaped by the

device itself and test enviromment. | Dynamic adaptation

assists in locating infrequently occurring errors that

15 might otherwise be overlooked or given low priority for

analysis. Since dynamic adaptive tests respond without

human intervention, the likelihood of exposing these errors

is increased.

The testing device 14 increases the noted probability

20 by weighting the array so that the test parameﬁers

associated with an error are more likely to be selected by

the testing device 14. Specifically, the array or arrays

méy bé wéightedlﬁo control the-pfobahility that a certain

parameters or sets of parameters will be used in the course

25 of testing. The weighting of an array may take many forms,

and different forms of weighting may be |used

simultaneously. One means of weighting an array is by

controlling the number of times that a given parameter



m ght be communicated to a separate device for controlling the tenperature
of the environnent in which the storage device is being tested. 25

- The-t-ost—parareters—are—generat -y STorca TN an array, which may be '

corrpri sed of a group of arrays of different paraneters. I n one
enbodi ment of the invention, the testing device 14 uses information
resul ting fr%@,@s&r‘)ror WO 97/ 15930 PCT/US95/13774
PCT/ US95/ 137 -38- event to adapt the test as the errors occur, thus

creating dynam c adaptive tests. The adap_gga_gion in response to an error
event allows the apparatus to "learn” fromthe testing process. In this
context, "l earfifys TROERe riAP! 81 @it Qdcaeiensen it lirkayi hasdamf
re-creating theerror. The adaptation, therefore, is intended to increase

t he probabilit yeqials ailmnicengft beihgssebactad;t ass woudd bevthercaseuelith
produced an error. The amount of information which is "l|earned" increases
wi t h. t he nunberrardam selegtioner heo prohability pthat Acsiven, parameter) o

devi ce or a group of devices. ther th a programrer .or_operator.
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priority for parameters in the array have an equal probability of being

selected, the array is equally weighted. Greater weight on

a given parameter is equivalent to increased probability of

selection of that parameter. The effect of weighting an

10 array may also be achieved by logic in the operation of the

test apparatus which causes certain parameters to be

selected with greater or lesser frequency than other
parameters.

Weighting wmay vary for particular types of test

15 parameters, or for specific parameters. For example, an

‘array of commands might be heavily weighted towafds the

selection of particular commands while an array of related

command variables might be evenly weighted. Figure 2

illustrates an. example of dynamic adaptive testing of a

20 hard disk drive by the digital computer 10. When an error

condition associated with a cylinder of the drive is

detected, the array of the test pa:;ameter_s is mq_ii_fied to

| ilncfelas.e.t.he pr.ob.abi.lity of selecting the cylinder f.hat has

an error condition. In Figure 2, each numbered column

25 represents a different iteration of the cylinder number

| array. The testing device 14 initially contains in the

memory 12 (column 0) an array of test parameters for the

command variable "cylinder". The initial iteration of the



anal ysi s. Si nce dynam c adaptive tests respond w thout human

I ntervention, the |ikelihood of exposing these errors is increased. The

- testing device 14 increases the noted probability 20 by weighting the
array so that the test paraneters associated with an error are nore
likely to be selected by the testing device 14. Specifically, the array or
arrays nmay bavowimshdved to control the probability that a cePCRUSISEITaNet ers
or sets of paraneters will be used in the course 25 of testing. The

wei ghting of an array nmay take nany for ne.ggand di fferent forns of

wei ghti ng may be wused sinultaneously. One neans of weighting an
array i s by conarrdy, showine inueshmmm,t contaimmta single mypsbenmtoer each \\O
97/ 15930 PCT/ US95/ 13774 -9- appears in
the array. |f ce¥hindany | fensequestdyy atheShance pfhamyh sivenocypinder
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equi val ent to increased probability of selection of that paraneter. The
ef fect of wei ghaltiyough other initial weightings may be used if desired.
The testing device 14 select parameters from the array and
provides the parameter to the second interface 16 which
communicates the cylinder number and associated information
10 to the device being tested.

In the instant example, an erroxr event occurred on
cylinder number 9. The testing device 14, after receiving
the information associated with the error event from the
storage device under test through the second interface 16,

15 cﬁuses the cylinder number array to be modified to add an
additional entry for cylinder number 9, as shown in column
1. As a result, the chance that the error cylinder, number
9, will be selected is increased to 2 of 1025, therefore
weighting cylinder number 9 more heavily. Columns 2
20 through 5 represent the successive modifications of the
cylinder number array resulting from repeated errors on
cylinder number 9. It should be apprecia;ed that any
number of'iférafions maflﬁe.uséd, énd that any modified
condition may be saved for use as a subsequent initial
25 condition. However, in the instant example, up to five
entries per cylinder are added. On the sixth error, all of
the variables with that cylinder value are removed, as

shown in column 6, thus illustrating the possibility of



10 - array may al so be achieved by logic in the operation of the test
appar atus whi ch causes certain paraneters to be selected with greater or

' | essettregmermey—ttramother—paraneters. VWergnting nay vary for particul ar
types of test 15 paraneters, or for specific paraneters. For exanple, an
array of commands m ght be heavily weighted towards the sel ection of
particul ar c while an array of related command vari agitggsesasid be
evenly wei ghted: igure 2 illustrates an exanple of dynam c adaptive
testing of a 20 hard disk drive by the diigital conputer 10. Wen an error
condition associated with a cylinder of fie drive is detected, the array of

the test paraneters.. I e i 1) CLeN

t he cylinder thﬁ‘ﬁ@%&&?‘%%ﬁﬁi ?lg%ﬁaég 4%%%& , bgég %%r%')gr%% °
col umm 25  reprgspdtiesing Kd Co@ilr | &Y Rideds.0f THE €adt NEesuTLsThRAy aBéay.
The testing device 14 1nitially contains in the menory 12 (colum 0) an
array of test pocmsmiicatedortd hen copematbry or akdwed cho | admeioryhdevicei al
iteration of the WO 97/ 15930

PCT/ US95/ 13774 threygh shenfirgtcdntemtase d$ht ai ns a singl e nunber for each

Guring the Bni tial i Ty ERE onerable F Liirrate iah HhAouR. £ PReSFe, “BhY o
case the initiaLri“@i'Qhu:QgrOfeach cylinder has an egual likelihood of
selection. As errors occur, the cylinder number is copied
and appended to the list. Figure 3 graphically shows the
increased 1likelihood of selecting the targeted error
10 cylinder after each iteration. The procedure associated
with the cylinder number example may be applied to any
array of commands, command variables, or other test
parameters.
A dynamically adaptive test may also be combined with
15 a conventional scripted test. In such an embodiment,
testing may consist of two phases. The one phase consists
of a dynamic adaptive test which tests known areas of
weakness associated with a device. This phase tests a
range of commands and variables but may be weighted toward
20 detecting known wveakness in a device type. The test is
adapted in response to errors to focus on problems.
~ Testing for each unit of a device type may start with the
same weighting but each test progresses into a unique
weighting as errors are detected. One object of this type
25 of test of this type of is to identify device faults while
davices are still operating within their specifications.
The other phase neasures the error rate of a

predetermined fixed set of test parameters. This testing



5 cylinder nunbers in the array is equally distributed, although other
initial weightings may be used if desired. The testing device 14 sel ect
paraneters fromthe array and provides the paranmeter to the second

i ntterface 16 which communi cates the cylinder nunber and associ at ed
information 10 to the device being tested. In the instant exanple, an
error event owewrseM on cylinder nunber 9. The testing deviRIUSISAYKT4 er
receiving the informati on associated with the error event fromthe storage
devi ce under test through the second intaenhace 16, 15 causes the cylinder
nunber array to be nodified to add an additional entry for cylinder nunber
9, as shown in iminom dynakdicallysmbdifidd: andamay béaisddascar vefeyéncaler,
nunber 9, will be selected is increased to 2 of 1025 her ef ore wei ghti ng

t
cylinder nunbert® mepsue-ihel pngoing guakity of a: esles of dewicesnt t he
successi ve nodi ficati ons ,of lhgreﬁé;!l’éangf‘;q q:u gr f,:g!rlra resug;nigggufe{‘%% -
repeated errors on éﬁ"rﬂﬂé’r‘ , t u %ﬂree any
nunber of iterajj n | § L be
Caved for use o HuEeIRy 88eSfined bargibuliin XM ViGf oF Hilcreddefiin
i nstant exagpl egrofaded faePicE! Iéfsaditiiesy | ianer ﬂs%iﬂéde@eqﬁ'irbﬂénﬁkXL h

error, all of the variables with that cylinder value are renoved, as shown
in colum 6, thpgnanic skaptatjohhin pespobsei tg exfrors allows the test to
focus on potential faults in the device. In addition,
storage devices generally have failure modes. While an
adaptive test may not be able to fix the problem, it can
10 identify and test to the failing mode.

Another embodiment of the invention employs a random
number generator in the testing device 14 to randomly
select test parameters to provide gréater variability in
testing and reduce the effect of biases or errors which may

15 be built into the test structure. The random number
generator is actually "“pseudo randoﬁ" in that the number
sequence it produces appears to be random but is actually
a predetermined sequence which is related to a seed number.
For every unique seed number, a corresponding unique random

20 sequence is generated. Therefore, the sequence of the
random number generator can be repeated by using the same
seed number and varied by use of different seed numbers.
This form of -:;'andom number sequencing provides
comprehensive coverage of test conditions while still

25 preserving the test's repeatability. A truly random number
generator could also be used, but the ability to repeat a

specific test might be impaired.
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further nodifying the test to increase the probability of selecting the

‘ot her—eyttnder-s—The—test—resuttS Ty be Tonmuni cated 10 an operator or
saved to a nmenory device through the first interface 18. 5 In the
exanple illustrated in figure 2, before any errors occur each cylinder has
an equal |ikeyigyeashspf selection. As errors occur, the cyli pggusosaspar is
copi ed and appended to the list. Figure 3 graphically shows the increased

| i keli hood of selecting the targeted error_10 cylinder after each
Iteration. The procedure associated with th cyl i nder nunber exanple may be

applied to any array 681284 b1 oL IBR Sl Wﬁ%@&ﬁ?sﬁ:&hﬁ%ﬁg?@%ndom

paranmeters. A dynamically adaptive test nay a conbined wth 15 a

conventional schugbes gdileratokn peimitan compeehansivet eabt ngovayagensirst of
two phases. The one phase consists of a dynam c adaptive test which tests
known areas of womnapds, sommank variables: ahd operatinghconghtions atithin
range of commands and vari abl es but may be weighted toward 20 detecting
known weakness ithea @8 @aviypamentef; aspartigulax RAevice.cs Randomiged, or s

the sams vei Snt MeIoRELoB nhaPaleds, Ve sllect el 106YR Srcy Famtme 1
errors are det egld &?ﬁd&%ﬁ.‘{é d¥ten ieduhd Pen stxdiptied@Stests (Y udeiRAng’ 1S

. : . e
to identify device fauts I'Te
the test enviromment rather than individual scripts. Each

test is unique yet repeatable by controlling the seed
number used. The test conditions are essentially random

10 but may still be controlled by the probability established
by rules.

Randomized selection is also useful in testing change
or modified devices. Some of the changes which may effect
the testing conditions are changes in encoding, data

15 transfer, seeking, and data zones. Changes can occur across
the entire range o_f device design including mechanics,
electronics and firmware. It has been found that an
effective test for identifying design weaknesses should be
flexible enough to respond to error conditions as they

20 occur. Use of different random sequences maximizes test
coverage while mininizing errors and biases which may occur
in traditiona; _s_éript_ed tests.

In one embodiment using randomized selection, a set of
rules governing the test environment is used in conjunction

25 with number sequences produced by a random number generator
to select the test parameters which are used. The sequence
of the test is varied for each different seed number which

is used, thus providing more coverage than traditional



devices are still operating within their specifications. The other phase
nmeasures the error rate of a predeterm ned fixed set of test paraneters.
* This testing WO 97/ 15930

PCT/ US95/ 13774 -12- is not dynamically nodified and may be used as a
reference to neasure the ongoing quality of a series of devices.
Dynani cal | y adagwisedove tests can provide inprovenents in te%@WV§F"3”‘
efficiency, particularly in view of increases in 5 storage device
capacities and testing requirenments. Bgaani c adaptation in response to
errors allows the test to focus on potential faults in the device. In

addi tion, st or sspripbeid testerwhere theasequence is fined. \An casgs whers i ve
test may not be able to fix the prqoblem it can 10 | f est to the
failing node. AmsitiRle:ABVdrasnarebeing tested; o““éi%f%f& jé‘ %3% irﬁ?ﬁﬁrber
generator in the testing_ devi dogl,y t fe to
provi de greater oMY “gcﬁl ﬁgt g’?ﬂhﬂ%asgﬁd r duggi eéef ?‘tm"t {ngé%rs or

errors which uét%xﬂ'?edbw.i eBER 88¢ideSiaid WE the serih® hﬁﬂﬂ@fn aﬂnber

generator is act y "pseudo randont in that the nunber sequence it
produces appeartné @dvceandsntitaiiseedt achbet |fom thectestraf tiatsdguicee

which is related to a seed nunber. For every uni que seed nunber, a

correspondi ng uni queCheanimi®tial rules for the test environment may be
established in several ways, such as by weighting arrays of
test parameters, by establishing ranges for test
parameters, or by program logic. The weighting of an array

10 may be determined by the number of .copies of the parameter
which are stored in the array. Each location in the array
typically has an equal chance of being selected. For
example, in the case of an array of commands, the array may
be loaded with multiple copies of a command based on the

15 percentage of its desired execution. The array mnight
contain 20% read commands, 15% write commands, 5% format
commands, and the remaining 60% distributed among other
commands, corresponding to the desired probability of
selection of each command.

20 An example of initial rules for a test environment for
testing a disk drive follows. For clarity, the test
environment is limited to data read and write commands and
the weighting is merely exemplary Data read and write
commands comprise three elements:

25 1. The cmnd (Read or Write)

2. The Location (LBA)

3. The Data Transfer Size (Blocks)



20- sequence is generated. Therefore, the sequence of the random nunber
generator can be repeated by using the same seed nunber and varied by use
© Ofdivff-eiept-—aeet-ntrbers—ThTS fFormm——Oof__random nunber sequenci ng
provi des conprehensive coverage of test conditions while still 25
preserving the test's repeatability. A truly random nunber generator could
al so be “Sed’waU-hlsrgﬂ? ability to repeat a specific test m grdTrAsesnImai r ed.
WD 97/ 15930 PCT/ US95/ 13774 - 13-
Randomi zed sel ection of test paraneters using a random nunber generator
permts conprehensive test coverage of co nds, command vari abl es and
operating conditionseyi t Bi{led Nt € ¢ ,OTuEtab19E6h8a PRyt welgRtiAgVane.
Random zed 5 selection mnimzes the effect of logic errors, om sslions and
redundanci es of hepay 08 Codnatids,Pagd:t ests by defining the test environnent
rat her than individual scripts. Each test is unique yet repeatable by
controlling the seedReadiSectorsd. The test cklitions are essentially
random 10 but nmay still be controlled by the probability established by
rul es. Randoni zed seWBite FLGEOXA so useful i¥P¥esting change or nodified

devi-ces. Sone of the_ch i C ef f ec he testing conditions are
Changes in é1codi ng,Raaél;ﬂJelstivgle Igeg%er .{54

Write Multiple Sectors 10%

Read Verify 15%
Write Verify 10% _
The rules for LBA sequencing, similarly established by

10 weighting an array, are:

Randon LBA 35%
Sequential Forward 20%
Sequential Reverse 5%
Same LBA 20%
15 Previous LBA 20%

The rule for Blocks is any random value between 1 and
256.

In the case of this test environment, the percentages
associated with the test parameters reflects the
20 probability that the test parameter will be selected if a
random selection is made from the array. In the case of

the range speci__fied for Blocks, the weighting is even.
After the rules for the test environment have been
established, the portion of the test relating to the
25 defined test environment may be initiated. A seed number
is supplied to the random number gener#tor in the test
" device 14. A seed number may be supplied to the random

number generator as input information through the user



15 " transfer, seeking, and data zones. Changes can occur across the entire
range of device design including nechanics, electronics and firnmnare. I t
" hdas 'been found that an effective test for identifying design weaknesses
shoul d be flexible enough to respond to error conditions as they 20 occur.
Use of different random sequences mnaxim zes test coverage while mnim zing
errors and bwaserasesai ch may occur in traditional scripted tREFESISANTONne
enbodi ment usi ng random zed sel ection, a set of rules governing the test

environment is used in conjunction 25 w.§g-nunber sequences produced by a
random nunber generator to select the test paraneters which are used. The
sequence of theirttiface 18| 88d iy adse hinputf Gycain spetatorber abixindds
used, thus providing nore coverage than traditional WO 97/ 15930

PCT/ US95/ 13774 from annthercgonrces suhchcaghe tegtcdatabase jgrdfrom Hheses

where-nul ti pl e devices _are bei tested, variation pn totgl test coverage
may be increaséiFW‘i?sFﬁ&lﬁeLHﬁr}g\?e%ﬁﬁﬁﬁér a'l'&%b‘?&t%ﬁ %sﬁ?i@&cﬂ%ﬁcﬂf such
as the serial ' t of
Chat devi ce. TREEHGH sRymts, gl Hefibeidieh GLAF Ynd WRIELCHIR: SEEN
in several paygevitd beingYtestedihdd Kedrifouta #RSbePahagRtaetivdway

establ i shing ranges for test
to establish a unique test sequence for each device.
After receiving the seed number, the random number
generator in the test device 14 begins to generate a unique
sequence of numbers which is associated with the particular
10 seed number. Nuﬁbers from the generated sequence are then
used to select test parameters from the array of test
parameters in the memory 12. Use of a number or numbers
from the generated sequence to select a parameter in the
array may be accomplished in many ways. In the case of a
15 one dimensional array, or list, each address in the array
may be identified by a number, and the parameter located at
that address will be selected every time that number is
generated by the random number generator. Similarly, two
consecutive numbers from the generated sequence may be used
20 to specify the address of a parameter in a two-dimensional
array. While many other means of selecting a parameter
using numbers from the generated sequence may be used, it
is benéficial to”avoid thé ﬁéé of methodé which restrict
the essentially random nature of the selection.
25 After a parameter or group of related parameters have
been selected, they are communicated to the storage device
under test via the second interface 16. If an error

occurs, information relating to the error is sent from the



parameters, or by programlogic. The weighting of an array 10 may be
determ ned by the nunmber of copies of the paraneter which are stored in the

T artay—EactrtocattTomr T the array typrcarty has an equal chance of being
sel’ect ed. For exanple, in the case of an array of commands, the array may
be | oaded with nmultiple copies of a command based on the 15 percentage of
its desired aygeyidon The array m ght contain 20%read ceoresssazrds%%

wite comrands, 5% format commands, and the remai ning 60% di stri buted anong
ot her commands, corresponding to the desi_reiq_ probability of selection of
each command. 20 An exanple of initial rules for a test environnment

for testing a dgeksrgagxgew&w% thd OteStfiid [ dovib€ a@SipyN¥hé OBERBhA! S

limted to data rea wite commands and the weighting'is nerely

exenpl ary. Dat dntegfaéedleli t eTRONeRPEE dnfpriatidnr meyelbEebbgged Sor
1. The Command (Read or Wite) 2. The Location (LBA) 3. The Data Transfer
Si ze- (Bl ocks) stoped7byStis® digital computer 10, and may also be output

PCT/ US95/ 13774 -15- The rul es for commands, established bx wei ghting an
array of conman¥Brough: tiEst ipterface 18 to an opsyator or to” another

5 system or device.
One of the benefits of using randomized selection in
a test is that it is unpredictable, and therefore has the
potential to identify problems which might not otherwise be
contemplated by a test designer. However, in some cases,
10 certain parameters or groups of parameters may not be used
in a test unless certain preexisting conditions are
ef.ablished. In a traditional scripted test, if the test
designer has knowledge of the required parameter sequence,
the fixed sequence of the test can be established to avoid
15 problems. In the case of randomized selection, where the
sequence is not fixed, logic may have to be built into the
test to avoid situations where thé selected parameters may
not be executed in the sequence that would otherwise be
attempted as a result of the random selection. ".l'he test
20 must therefore have logic to "back check" the executed
commands to determine if other valid test conditions were -
created. _
For example, Read and Read Multiple commands generally
allow for an opportunity to compare data. If a Read
25 command was executed at the "Same LBA" as a Write, a
comparison may be performed. There is a similar situation
if the read location matches the "Previous LBA". lLogic may

be included in the test to check the previous commands and



Wite Sectors 15% 5 Read Multiple Sectors 15% Wite
Mul tiple Sectors 10% Read Verify 15% Wite Verify

- 10% The rules for LBA sequencing, simlarly established by 10 weighting an
array, are: Random LBA " 35% Sequential Forward 20%
Sequenti al Reverse 5% Sane LBA 20% 15
Previ ous LBA WO 97/15930 20% The rule for Blocks is any rantkUsisniyzs
between 1 and 256. In the case of this test environnent, the percentages
associated with the test paraneters Jmgdects the 20 probability that
the test paraneter will be selected if a random selection is made fromthe
array. |In the chBR'sftc deteaminespfcpérmibsilleBiconiitione foxt ghtompars
even. After the rules for the test environnment have been established, the
portion of the e¥istsc| Bhenyalees areschegkead,&o deferaiper dfnancompgaree

OB F ) o SR e e LS SO MR
generator as ingpboidf Ol 9al St HomplPe USShditions exist the data is
5 compared.

In another embodiment, dynamic adaptation may be
combined with randomized selection in a test. The dynamic
adaptation permits the test to focus on problem areas,
while the randomized selection permits broader coverage of

10 the test for potential errors. An example involving a
device having ten cylinders is shown in figure 4. The
initial rules for the test environment are established by
weighting an array of cylinder numbers in the memory 12.
Initially, as shown in column 1 of figure 4, each cylinder

15 is associated with a group of numbers, which establishes
the initial weighting for that cylinder. This weighting is
the equivalent of a one dimensional array where the test
parameter for cylinder number 1 is stored in array
locations 1 through 10, cylinder number 2 is stored in

20 locations 11 through 20, and similarly for the remaining
cylinder numbers. In the example shown in column 1, each
cylinder has ten numbers associated with it, initially
éstahliéhing an equal probability of selection, 6r even
weighting. Although in this example the initial condition

25 shows a single type of test parameter and the parameters
are initially evenly weighted, multiple types of parameters
could be used and the initial weighting could be

established in any manner.
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I nterface 18, and nay be input by an operator or obtained from another
S odH-cer—aweh—as—a—test—database or rrom tne storage device being tested.
Theé use of a serial number or other unique nunber associated with the
particular storage 5 device being tested has been found to be an effective
way to establwép”{% 44ni que test sequence for each device. Afpcausysnasraing
the seed number ;" f91e random nunber generator in the test device 14 begins
to generate a unique sequence of numbers which is associated with the
particular 10 seed nunber. Nunbers from the generated sequence are then
used to select test parAEtERs fHARLINE ket OferviTonii@htNElldss | Bedle
menory 12. Use of a nunber or numbers fromthe generated sequence to
sel ect a parameggtablisHid,ar r ay déed beuslsewnpsi suppliedntoy the srahdom he
case of ‘a 15 one dinensional array, or list, each address in the array may
be identified byusabexrgeneraiort imdheatesting dewinecddat Afhar xegpiving | |
be selected every tinme_that nunber is generated b

h d b
geneLat or.dSiZ(r)ri tPI 9,9‘?\_/\?%h c"g? 0 tﬁg" Sﬁegg}tg’ﬁesgéﬁfénce
may be use 0, Spe t.he | ' |
oo e ot arvigse 4 adite 34 5ERErRta"e PAAAII Sedubribel W QiBERL 01C
the generated S@ﬂ??#gtfstnﬁgswim’wﬂ& ithed Paditicudhrt 8edd Ohtmbée. Usen Of

met hods whi ch res essentially random nature of the selection.
- this example, the random number generator is limited to

producing numbers from 1 to 100. Numbers from the
generated sequence are then used to select test parameters
10 from the array of test parameters in the memory 12. Each
number therefore corresponds to a specific test parameter.
For example, if the random number generator generates the
nunber 45, cylinder number 5 is selected.
After a parameter is selected, it is communicated to
15 the second iixterface 16 and then sent to the storage device
being tested. If an error occurs, information relating to
the error is sent from the storage device under test to the
testing device 14 via the second interface 16. The
information received from the device is then used to modify
20 the weighting of the test parameters. The error
information may also be logged or stored or output through
first interface 18 to an operator or to another system.
puring the initial operation of the test, the
probabilities of accessing any cylinder are equal. When an
25 error occurs, the weighting is modified to change the
probabilities of subsequent selection. Column 2 of figure
4 illustrated a change in weighting resulting from an error

on cylinder number 8. 1In response to the error information



25 - After a paraneter or group of related paraneters have been

sel ected, they are communi cated to the storage device under test via the
second interface 16. If an error occurs, information relating to the
erfor is sent fromthe WD 97/ 15930

PCT/ US95/ 13774 -17- storage device to the testing device 14 by the second
interface 16.wo9¥is9dterror informati on may be | ogged or st or BET/A§9S18E4
digital conputer 10, and nay al so be output through first interface 18 to
an operator or to another 5 system or deugge One of the benefits of using
random zed selection in a test is that it is unpredictable, and therefore
has t he pot entipécéivedicthiduglpr setend \ihtekfacghtiepotthe hweiglsrinege is
contenpl ated by a test designer. However, in sone cases, 10 certain
paraneters or gredifiest %rs&mﬁ!;\ Fajurbt 2 hingrease the probability efrtain

Phe tost dasi onbeLeEkian an GXSEnORE Ehak & o iBp yefalfband dlmpdi E6q, |
fixed | ' 5 I
the case of T arbrESEREoPsC EoH” (A B4 NERE Lo Ckfed ey PIfME an,

may have togbe Padidg i Pt Orbhenkesrrbe @ydifask| Upbhoes #her anehaazebpyt ed

paraneters may not be executed in the sequence that woul d otherw se be
until the weighting is modified again, the generation of
numbers from 36 to 90 causes cylinder 8 to be selected
while all other cylinders have five chances in a hundred of
being selected. The wmodification in the weighting

10 illustrates the ability of the present invention to focus
on an error test condition. The illustrated means for
modifying weighting can be applied to any test parameter,
and used with other ranges of random numbers or percentages
or other variables.

15 In yet another embodiment of <the invention,
information relating to the test conditions is written to
the storage device being tested during the test. This
reference information may provide useful information for
diagnosis of causes of errors. The use of reference

20 information improves the speed and effectiveness of failure
analysis by including the information in the data written
to the storage device during testing. While the reference
i.nformation may :i.nclﬁde ltest parameters and may also
include other information, some of the information which

25 has been found to be useful includes the identity of the
test or test segment:; the seed number for tests involving
random number generators: the command and command

variables; the time or a command counter; the command



attenpted as a result of the random sel ecti on.

have logic to "back check" the executed conmands to determne if other

VattotestTomdt oS were creatr e, Forexanpl €, Read and Read MiTtiple

commands generally allow for. an opportunity to conpare data.

command was executed at the "Same LBA' as a Wite, a conparison nmay be

perforned. They
"Previous LBA".

commands and oo
PCT/ US95/ 13774 -18- LBA's to determne if Sérnissible conditions for a

conpare exist. T iﬂﬁﬁ are C et ' ' COLpRr
i i |stéxeéﬁ?gdkgﬁﬁeégﬁi:kgga%igidéhﬁa ¥uris

performed. The coman

hSoag Simlar situation if the read |ocati opcisesmm?rt h
Logic may be included in the test to check the previous
- WD 97/ 15930

conpare conditi cfénditivnst.he gt delfarencéniatogmatiomnishatogaliodnretlie
dynam c adaptation may be conbined wth random zed selection in a test.
dynanri ¢ adapt at i skenagerdeyicheduning tkesttings the pintomatioparelaking tche

randoni zed sel ection permts_broader covera of 100 the test for potential
An ex | TR FndiFiongds eyaﬁiegﬁg AR P

errors.
figure 4.
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information freguently eliminates the need for extensive
‘retest and reduces time on logic analyzers and emulators.
An engineer with access to the relevant reference data may
more easily identify and correct the problem. The
reference information may be received through second
interface 16 and output to an operator or to another system
through the user interface 18.

The present invention permits the incorporaﬁion of
various tests types in a single test. A given test might
include conventional scripted tests, dynamically adaptive
tests, randomized tests or randomized dynamic adaptive
tests. The invention may be used to test a single device
or a series of devices.

The foregoing discussion has been presented for
purposes of illustration and description. Further, the
description is not intended to limit the invention to the
form disclosed herein. Variation and modification
cammensurate.with the above teachings, within the skill and
knowledge of the relevant art, are within the scope of the
present invention. The embodiments described hereinabove
are further intended to explain the best modes presently
known of practicing the invention and to enable others
skilled in the art to utiljize the invention as presented,

The test 20 nust therefore

If a Read 25

The



weirghting an array of cylinder nunbers in the nenory 12. Initially, as
shown in colum 1 of figure 4, each cylinder 15 1is associated wth a group
of 'nunbers, which establishes the initial weighting for that cylinder. This
wef ghting is the equival ent of a one dinensional array where the test
parameter for cylinder nunber 1 is stored in array locations 1 through 10,
cyli nder nuniw@9713 stored in 20 |ocations 11 through 20PCEPS¥SAI | ar |y
for the renmaining cylinder nunbers. In the exanple shown in colum 1, each
cylinder has ten nunbers associated with4g2-initially establishing an
equal probability of selection, or even weighting. Al though in this exanple
the initial condgrtinether ekbodimeniisngppdiwikh dhe: various modidicahiionse
paranmeters are initjally evenly weighted, nultiple {ypes of paraneters _
coul d be used aﬁﬁq'c‘*’r'ée‘? rPYiﬁl‘ein *ﬁjﬂé&ul"d’f’&gcé'é%ég?i ShcHseR Qhythenner.
WD 97/ 15930 PCT 13774 After the
initial test en&PYSﬂHé?R' hagtbe{?n je’%’fed‘rﬂeldsh%‘fft tl&e séggg'géﬁfge;]*@ésubﬁl i ed
to the random “H%ﬁér&é‘é‘%@&%lhﬁet AfrdAnit e abbatmdfits Ad S:'i'le.r gxEentng
t he seed nunber, the random nunber generator in the test 5 evice 14
~begins to gener peembttied @Pie WROprdee aktnunbers which is associated with
'the particular seed nunber. In this exanple, the random nunber generator is
Jimted to

1

|
!
i
f
|




produci ng nunbers from 1 to 100. Nunbers from the generated sequence

are thfﬂ"mmm“mmml test paraneters 10 fromthe array of test
' € corresponds™to a

speC|f|6 t &stt pa{?ar?et er. For exanple, if the random nunber generat or
generates the nunber 45, cylinder nunber 5 is selected. After a paraneter
is selected, ywhehgssgmmuni cated to 15 the second interfacepdfrgsidatiaen
sent to the storage device being tested. If an error occurs, information
relating to the error is sent fromthe stgii.ge devi ce under test to the
testing device 14 via the second interface The information received

6.
fromthe devi Ce#ﬁwdl fy 20 the weighting of the test
par anet ers. tion may al so be | ogged or stored or
out put through firstaint exﬁasp?alﬁa&«;s o PLést Dig Odn | 816E0kEd dechaniicdl
During the initial operation of the test, the probabilities of accessing

any cylinder ardigdtal. sﬁ&mgeard@ﬁ.ceercompming: the weighting is nodified
to change the probabilities of subsequent selection. Colum 2 of figure 4
-~ illustrat ed a changealﬁthQW‘ﬁt@%I t| ng from an error on cylinder

PCT/ USos] 1374 < 20 FAERT AREERFRn nReghEn i Pesed aveetln *BRIC, SigERRg | <

computer, for transferring information relating to a test

of the electro-mechanical digital storage device with an
operator or another device;
an array of test parameters for the electro-mechanical
10 digital storage device located within said digital
computer, wherein at least two of the test parameters are
not the same;
second interface means, located within said digital
computer, for transferring information relating to test
15 parameters with the electro-mechanical digital storage
device; and
testing means, for selecting a test parameter, for
providing the selected test parameter to the electro-
mechanical digital storage device via the second interface
20 means, for receiving information relating to an erxror event
from the electro-mechanical digital storage device via the
second interface means, and for modifying said array of
test parameters in response to the information relating to
an error event to change the probability that a specific
25 test parameter will be selected. |
2. An apparatus, as claimed in Claim 1, wherein:
said test parameters comprise commands and command

variables.



rmdified—am 2 increase the probability of selection of

cyl i nder m“m ighting is nodified by taking 5% from each of the
- error friﬂ‘\mm‘“] 5 adding it to the error cylinder, nunber 8.
Théreafters, antkl ¥he weighting is nodified again, the generation of
nunbers from 36 to 90 causes cylinder 8 to be selected while all other
cylinders hawodrseechances in a hundred of being sel ect ed®CT/USISIZT4
nodification in the weighting 10 illustrates the ability of the present
i nvention to focus on an error test condibigon. The illustrated nmeans for
nodi fyi ng wei ghting can be applied to any test paraneter, and used with

ot her ranges of randam nanbapparxatysr asncigisedrimtClainm ar,i ablereindis

In yet another enbodinment of the invention, information relating to
the test conditionssaddw kestn parapetexns) W%e%ﬂ@dﬁestmﬁ ng

the test. This reference infornmatio y _provide useful information for
di agnosi s of cmb&PSer?ﬁﬁ’stBStﬂ@ra@" ‘reference 20 infornmation

i nproves the speed gnd e%eg%%@%'hqs f‘ﬁlalﬁ{gs f‘qa&%rﬂﬁ&%ﬂg ng the

information in the data Wi e storage device f ting. Wile

the referenge infor iRijiaoedBind MeandCcomstidey an?&ﬁaémaﬁﬂ.m-y?aheﬁaiml ude
other informati on, sone of the informati on which 25 has been found to be

usef ul i ncl udesfétharseddnt seyectindgca ttest parameteregnent; the seed nunber
for tests involving random nunber generators; t he. command  and
command vari abl es; tthe t Ancapparatesmdfl Aadmedr int Glaim iy therein:

said testing means comprises a randor number generator
for selecting a test parameter, wherein said random number
10 generator is responsive to a seed number.
6. An apparatus, as claimed in Claim 1, wherein:
said testing means uses a seed number to select a test
parameter; and
said first interface means comprises means for
15 receiving said seed number.
7. An apparatus, as claimed in Claim 1, wherein:
said testing means comprises a random number generator
for use in selecting a test parameter, wherein said random
number generator is responsive to a seed number; and
20 said first interface means comprises means for
receiving a seed number.
8. An apparatus, as claimed in Claim 1, wherein:
said testing means comprises means for weighting said
array of test parameters in response to the information
25 relating to an error event to increase the probability that

said specific test parameter will be selected.



or
information relating to an error condition is available at the tinme the
cause of 5 the error is diagnosed. The availability of this reference
information {yRAHeRL! Y €l i m nates the need for extensive recealsssudd4 educes
time on logic analyzers and enul ators. An engi neer with access to the

rel evant reference data nmay nore easily_zé'_dentify and correct the

pr obl em The 10 reference information nmay be received through second
interface 16 and ougput AR Appdiithal,0asOEla Dnéd Ol @lalns 1¢wheteigh t he
user interface 18. The present invention permts the incorporation of

vari ous tests typessafidatestijice neans. céuprises meansnifght waighting wadd
conventional scripted tests, dynam cally adaptive tests, random zed tests
or randoni zed dnrayi ©ficksst \paramatersTHa jyesRonss, ton\Ehee iRfeMMarions: 4

single device or _.a series of devi ._The f di '
presented for X$l oE‘ésa‘bFr%\Fl’lFﬁ%??'gfi endgfrﬁgg%%%nc e:of’%u ;ﬁf{'&}? t%:r%‘te&r%',ent he

descripti on%;ﬁ%q}do:?gggggfgn%%l# !ﬁgrtamtetiﬁri QYENt O sd1xdeed,form disclosed
1l

r ef-e+ence+| n stored—IT e STOrage devi ce during testing, the

W0797/ 15 PCT/ US95/ 13774 - 21-
envi ronnam"“" mm wmwei tenperature and humdity conditions. | f

her ei n. i‘cat1 on
0. An apparatus, as claimed in Claim 1, wherein:

said testing means comprises means for weighting said
array of test parameters in response to the information
relating to .an error event to change the probability that
10 a specific type of test parameter that includes. said
specific test parameters will be selected.
11. aAn apparatus, as claimed in Claim 1, wherein:
said testing means comprises means for weighting said
array of test parameters in response to the information
15 relating to an error évent to increase the probability that
a specific type of test parameter that includes saidq
specific test parameters will be selected.
12. An apparatus, as claimed in Claim 1, wherein:
said testing means comprises means for weighting said
20 array of test parameters in response to the information
relating to an error event to decrease the probability that
a specific type of test parameter that includes said
specific test parameters will be selected.
13. An apparatus, as claimed in Claim 1, wherein:
25 said testing means comprises means for weighting said
. array in response to an error event by adding a test

parameter associated with said error event to said weighted

array.



the rel eM‘“m\u“ hin the scope of the 25 present invention. The
* enbodi me ei nabove are further intended to explain the best

nodes predent Iy knovvn of practicing the invention and to enable others
skilled in the art to utilize the invention as presented, WO 97/ 15930
PCT/ US95/ 137 WO 9U189300r i n ot her enbodi ments, and with the VRET/O§13774
nodi fications required by their particular applications or uses of the

cormensurate W|th t@‘mve teachings, within the skill and know edge of

invention. It is intended that the appen<ssi cl ai ns be construed to include
alternative enbodinments to the extent 5 permtted by the prior art. WO
97/ 15930 14. An apparatus, as claimedCEnUC)sim3¥ywhe®inthat is

Storage dovice, compPiCl REFING, BeRar COMhass Reans Ior MeiGRtIpBCRRAS.
means: | ocat ed m:{f;s; "4F Yebpindle! b SATBHIG vt by BRLE{rd L LRLGRL' O

relating to a tes
of each type of test parameter represented in said weighted

5 array.
15. An apparatus, as claimed in cClaim 1, further
comprising:
a plurality of arrays of test parameters located
within said digital computer.
10 16. An apparatus, as claimed in Claim 1, further
comprising:
a plurality of arrays of test parameters 1located
within said digital computer; and
said testing means comprises means for selecting at
15 least one of said weighted arrays.
17. An apparatus, as claimed in Claim 1, further
comprising:
a fixed set of test parameters located with said
digital computer. _
20 1s8. .An apparatus for testing an electro-mechanical
digital storage device, comprising:
a digiﬁal computer:;
first interface means, iocated within said digital
computer, for receiving a seed number;
25 a plurality of test parameters for the electro-
mechanical digital storage device located within said
digital computer:



of “the el ectro-nmechani cal digital storage device with an operator or

anot her dtﬂnmmﬂfm&wﬂumf test paraneters for the el ectro-nechani cal 10
dimgpt—art— - | ocated™WThrTT—ara digital conputer, wherein
at least two 6f the tést*parameters are not the sanme; second interface
means, located within said digital conputer, for transferring information
relating to T\;@é{wnjséso paraneters with the el ectronechani cal witgosesrt37s4 or age
device; and testing nmeans, for selecting a test paranmeter, for providing
the selected test paraneter to the electr mechani cal digital storage

device via the second interface 20 nean§,37f'or recei ving information

relating to an error th ARG FNigtaidi gkl Abofp eSS e
device via the seco#ﬁﬁ?‘g ggghheg?l‘g%%dﬁf- or m)%?Ifyi ng sai d géir,ay of test
parameters in resPQhg saifiCsééd AuiiierO ko’ 8détt bri® o) saidoplarahity o
change the probability that a specific 25 test paraneter will be selected.
2. .An appar at usf test|mEramptersc wherdin vimiditestingdmeans poclvdes a

conpri se commands and comrand vari abl es. WD 97/ 15930
PCT/ US95/ 13774 nuymper generator capable of repetitively producing a

5 pseudo-random series of numbers in response to the receipt
of a seed number, wherein a number in said pseudo-random
series of numbers is used to select a test parameter; and

second interface means, located within said digital
computer, for transferring information relating to a
10 selected test parameter with said electro-magnetic digital
storage device.
19. An apparatus, as claimed in Claim 18, wherein:
said seed number is associated with the identity of
the device heing'tested.
15 20. An apparatus, as claimed in Claim 18, wherein:
said test parameters comprise commands and command
variables.
21. An apparatus, as claimed in Claim 18, wherein:
said test parameters comprise commands, command
20 variables, and test conditions.
22. An apparatus, as claimed in Claim 18, wherein:
said testing means comprises means for selecting a
seéuence of test parameters.
23. an apparatus, as claimed in Claim 18, wherein:
25 said testing means comprises means for selecting a
sequence of test parameters and means for determining if
said sequence of test parameters is a permissible condition

for the electro-mechanical digital storage device.



: “\m“ﬂMerd in Caiml, wherein: said test parameters
corrprl s% l d vari ables, and test conditions. 4. An

~ appar at ¢l afmed in daim i, wherein: 5 said testing nmeans
conprises a random nunber generator for use in selecting a test paraneter.
5. An apparatus, as clainmed in Gaim1l, wherein: said testing neans

conprises a rWOBRAER«Nber generator for selecting a test paPERESEI3TMher ei n
sai d random nunber 10 generator is responsive to a seed nunber. 6. An
apparatus, as clainmed in Caim1l, whereinggsaid testing neans uses a seed
nunber to select a test paranmeter; and said first interface neans conprises
nmeans for 15 recei\dag an cippardtuspbes. claiméd anpelaimsisaswhepeiwd in
Claim 1, wherein: said testing neans conprises a random nunber generator
for use in sel ectindald eﬁirﬁgr aABterfage crueans; ojqemprigem nusdee gEorr at or
i's responsive to a

conpri ses nmearfeee 7 e.ed géﬁgmat%geﬁ%'%‘iﬁﬂ%ﬁoalggsﬁﬁé%%ﬁ%fgf:gecl gFﬁgz
oy st a7 e SPRRBRAEF o SRR S BRI 4, B0,
\elzmr Ir Ior bgvgglt gg ?eh ncr gAY t BecBh@babhtéttadd amednsd SOy ides ! aahnBar AR €F
receiving information relating to an error event in the
electro-mechanical digital storage device during the
testing thereof.
26. An apparatus, as claimed in Claim 18, wherein:

10 said first interface means comprises means for
outputting information relating to the testing of the
electro-mechanical digital storage device.

27. An apparatus, as claimed in Claim 18, wherein:
said plurality of test parameters includes a plurality

15 of arrays of test parameters located within said digital
computer.

28. An apparatus, as claimed in Claim 18, wherein:
said piurality of test parameters includes a plurality
of arrays of test parameters located within said digital

20 computer; and

said testing means further comprises means for
selecting at least one of said arrays for use in testing
the eiectro—mechahical -digital stﬁorage device.

29. An apparatus, as claimed in Claim 18, wherein:

25 said plurality of test parameters comprises an array

of test parameters; and



WO 97/ 1 PCT/ US95/ 13774 -25- 9. An
apparatu ﬁﬂl’ mumugl aiml, wherein: said testing neans conprises
" meass—for may Of Test paraneters 1n response to the
[ to*an error event to decrease the probability that 5

i nformati on reI at
said specific test pararreter will be selected. 10. An apparatus, as clained
in Caiml, wWygeshddse Sai d testing neans conprises nmeans forpmbgmmg said
array of test paraneters in response to the information relating to an
error event to change the probability thai,gl0 a specific type of test
paranmeter that includes said specific test paranmeters will be selected. 11.

An apparatus, as cl agiRfl testPhg dedns 'Y itesS aklns efdr RiIFHAIRgCOATd | S€S
means for weighting said array of test paranmeters in response to the

information 15 areawtiing responss r to ementertrori neverdseinhethe okdbetroy t hat
a specific type of test parameter that includes said specific test
paraneters wi || mpeharicalk digital storpgerdevice.as clainmed in Caim 1,

wh d test f 20 f
fest parameters in relpordh sPEERESRn(BF HELTARPY dPabLAVALHS nihaRRIRTcy ot
to d h f t
o decrease o e pr obgly pikraiity PRk, biirdud¥erd cbiSki e msanw&

I ncl udes said specific t par a ters W
array of test parameters.

31. An apparatus, as claimed in Claim 18, wherein:
said plurality of test parameters comprises an array
of test parameters; and
10 said testing means comprises means for weighting said
array in response to an error event to change the
probability that a specific test parameter will be
selected.
32. An apparatus, as claimed in Claim 18, wherein:
15 said plurality of test parameters comprises an array
of test parameters; and
said testing means comprises means for weighting said
array in response to an error event to change the
probability that a specific type of test parameter will be
20 selected.
33. An apparatus, as claimed in Claim 18, wherein:
said plurality of test parameters comprises a weighted
array of test parameters; and
said testing means comprises means for modifying said
25 weighted array in response to an error event.
34. An apparatus, as claimed in Claim 18, wherein:
said plurality of test parameters comprises a weighted

array of test parameters; and



13." An apparatus, as clainmed in Claim1l, wherein: 25 said testi
means corrpum ml]fmmm umm ghti ng sai d array in response to an error
“event by a m ter associated with said error event to s

wei ght ed ar ray®

L VO §7/ 15930

PCT/ US95/ 13774 26- 14. An apparatus, as clained in Caim1l, wherein:
testi ng meansWOOM¥B&es neans for weighting said array in r B6HURSPA3THM an
error event by changi ng the wei ght of each type of test paraneter
represented in said weighted 5 array. 15.-304 apparatus, as clainmed in
CGaiml, further conprising: a plurality of arrays of test paraneters
| ocated within said Qﬁ{:ﬂ ttestdogpweans camprises !leanBAfmapmﬂmisg agi.d
claimed in daim]l ther co r|5|na r’r%hurall of arrasof te

paraneters | ocaY’%ﬂgm"

t DYt chgn Bﬂ
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An appar at us,

10

15

as cl al
in said weighted array.

conpr

35. An apparatus for testing an electro-mechanical
digital storage device, comprising:

a digital computer;

an array of test parameters located within saiad
digital computer:

testing means for selecting a test parameter and
executing a test of said storage device using a selected
test parameter; and

writing means, for causing reference information to be
written to said storage device:;

reading means, for causing reference information
aséociated with axi error event to be read from said storage
device in response to an error event:; and

output means, for outputting reference information

associated with an error event.

ng
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a fixed set of test paraneters located with sai'd digital conputer. 20

18" An apparatus for testing an el ect: o-mechani cal digital storage device,
' C OHpF+SHRe—a—ei-gi-tal—conputer— T TSt MTerrace neans, |locatéd within said
digital conputer, for receiving a seed nunber; 25 a plurality of test
paranmeters for the electro-. mechanical digital storage device |ocated
within said dj 8i Eg! conput er ; WO 97/ 15930 PCT/US95/13774

PCT/ US95/ 137790934 o1 ng nmeans, located within said digital conputer,
for using said seed nunber to sel ect Onl[f‘!hsai d plurality of test
paraneters, wherein said testing neans #fcl ides a nunber generator capable
of repetitively producing a 5 pseudg-random series of numbers in response
to the receipt of a seed nunber, wh n agpunber in said pseudo-random
series of nunbers is used to sel ect est aneter; and second interface
means, |ocated within said digi tal._@ ut S or transferring information
relating to a 10 selected test paﬁ@%er 7] sai d el ectromagnetic digital
storage device. 19. An apparatus, E3cFained in Caiml8, wherein:
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sai‘d seed nunber is associated with the identity of the device being
tested. 15 20. An apparatus, as clainmed in Caim18, wherein: said

"t est—parameters conpriSe CoOMTaEnas. and connand var | abl es. 21. An appar at us,
as claimed in Claim18, wherein: said test paraneters conprise conmands,
command 20 variables, and test conditions. 22. An apparatus, as clained in
G aim 18, wWhgpghfhisesitl d testing neans conprises neans for sptrosssnsr7a
sequence of test paraneters. 23. An apparatus, as clainmed in Cdaim 18,
wherein: 25 said testi'ng nmeans conprises neans for selecting a
sequence of test paraneters and neans for determning if said sequence of
test paraneters is a permssible condiaﬁﬂl-for t he el ectro-nechani cal
di gital storage device. WO 97/ 15930
PCT/ US95/ 13774 -28- 24. An apparatus, as clained in Caim18, wherein: said
first .interface means conprises neans for receiving information relating to
test. paraneters. 25. An apparatus, as clainmed in Caim18, wherein: 5
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el ectromechanical digital storage device during the testing thereof.
26: An apparatus, as clained in Caim18, wherein: 10 said first

" i pterface—meEans—CoMpPr T SES EANS  Tor_outputirng rnformation relating to
the testing of the electro-nmechanical digital storage device. 27. An
apparatus, as clainmed in Claim18, wherein: said plurality of test
paraneters i nglowdgsesg plurality 15 of arrays of test -paraneceusssseat ed
w thin said digital conputer. 28. An apparatus, as clainmed in C aim 18,
wherein: said plurality of test paraneters includes a plurality of arrays
of test paraneters |ocated within sai d:’lsi/g'tal 20 conputer; and said
testing neans fuygt her conprises neans el ecting at |east one of said
arrays for use i testing the el ectro-nechanical digital storage device.

29. An appar at us:g“éc clained in daimil8 _wherein: 25 said plurality
of test pararret% jewprrses @n @r ray«wnf~t gst paraneters; and WO
97/ 15930 sEID0DEOEEBRER PCT/ US95/ 13774 -29- said

‘testing neans cogpei Ses nmeans ror wergnting said array in response to an
error event in t&e ellectrd-
=

Fig.
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mechani cal digital storage device. 30. An apparatus, as clainmed in Caim
18; wherein: 5 said plurality of test paraneters conprises a

- wetghtet—array—of —test—parameters.  31. An apparatus, as clainmed in Caim
18, wherein: said plurality of test paraneters conprises an array of test

paraneters; and 10 said testing neans conprises neans for weighting
said array i nwphasieaee to an error event to change the probebrusispsthat a
specific test paraneter will be selected. 32. An apparatus, as clained in
Claim 18, wherein: 15 said plurality of test paraneters conprises an

array of test paranmeters; and said testing neans conprises neans for

wei ghting said array in response to an a&/d‘ event to change the
probability that a specific type of test' paraneter will be 20 selected.
33. An apparatus, as clained in Caim18, wherein: said plurality of test
paranmeters conprises a weighted array of test paraneters; and said testing
nmeans conprises neans for nodifying said 25 weighted array in response to
an error event. 34. An apparatus, as clained in Caim18, wherein: said
plurality of test paranmeters conprises a weighted array of test paraneters;

and COLUMN 1 COLUMN 2
INITIAL NEW WEIGHTING
WT cYL WT oL
1410 1 15 1
11-20 2 610 2
2130 3 1115 3
3140 4 18-20 4
4150 5 21-25 5
51-60 6 26-30 6
61-70 7 313 7
7180 8 3690 8
81-90 9 91.95 9
91100 10 - 96-100 10
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v §7/ 15930 PCT/ US95/ 13774 - 30RTRA)Y
testing neans conprises neans for nodifying said weighted array in res y
to g ' of each test—
parameter represented in said weighted array. 5 35. An appar aggeal5-0.
for testing an el ectronmechani cal digital storage device, conprieag:

digital conputer; an array of test paraneters |ocated w thin g
conmputer; 10 PCTesting meamethommonpar anet G
executing a test of said storage deviTE*gel a selected testq)gararreter;

|
and wri t i TYTERMATIONALAPRLIGATION PUBLISHED ENDER SHERATENT COORERAHION TREATY BCD) d
St or agq (S nitsistional Patent Classificatitet®®:di Ng  MBANS | (11)1RbrnsbishiPublithtion \iBrSNCE WO 97715930
i nformgti ogysegey ated with an error| gg¢nt to be read from said storage

device |in response to an error event} ané3)duernationalPublication Batsr out JMay 19§ 01.05.97)
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(57) Abstract

An apparatus for testing electro-mechanical storage devices, such as disk drives, is provided. A testing device (14) in a digital
computer (10) selects test parameters from an siray of test parameters stored in the digital computer (10). A random number generator is
. used in the selection of the test parameters. When errors occur, the array of test parameters is dynamically adapted during testing to change
. the probability of selecting certain test parameters in response to the error.




