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METHOD FOR REDUCING ROTATIONAL LATENCY
IN A DISC DRIVE

QP (b

mmmmmwmnmymmmm
in rotating disc drive memory assemblies, More particularly, the present inveation
relates to a method for sorting the command queue to reduce rotational latency in disc
Rotating disc memoties include one or more discs driven about a vertical spindle
axis. Each disc has a plurality of concentric tracks on one ar both surfaces from which
information is read or cato which information is written by a read/write element. Ina
| disc drive system, a disc rotates at a high specd while the read/write element *flies® over
the surface of the rotating disc. The read/write element is positioned over specific arcas
of the disc in accordance with commands received from the host computer.
The SCSI intarface protocal provides a mechanism for host computers o send
multiple commands to a disc drive. It allows the disc drive to determine the optimum
I order of execution for the commands. The set of commands available for execution by
" the disc drive is refezred 1o a3 the "command qucue”.
© Traditionally, disc drives have sorted the command queue fn an order that
‘minimizes the séek time between the various commands. However, seek time is only one
of two components of the true access time of a command. The other component is the
‘rotational latency time or the amount of time the disc drive spends waiting for the
appropriate data to rotate under the read/write element. The rotational Iatency time is a
significant part of the total access time for all but the longest seeks. On average, it Is the
dominant component of the total access time for relatively short seeks.
To determine the optimum order of execution of a set of commands, it is
demabhmconndcrﬁwﬁﬂlmﬁmebﬂwmwmmandsmﬂmthmmplyﬂleuek
* time, An:dealmngalgoﬂﬂmwmldmﬂxeeommdqlmmmduwﬂmthe
mmofﬂ:emﬁmofaﬂofﬂncommﬁsmthequmnmﬁﬂmized. This would
involve computing the sum of the access times for cach of the possible onders of the
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computationally intensive % do in a real-time system such as a disc drive. For exanple,
there are aver three million possible orders in a st of ten commands. Modemm disc
dﬁmmbawupwawnmmmdshthemmmﬁndqﬁwe. In addition, the
command queue in practical applications is dynamic. In other wards, new comwmands ave
canstantly received from the bost computes. ‘Thus, the optium arder of execution of
previously received commands often changes, requiring the entire queue to be re-sosted.

Since the above-mentioned ideal algorithm is impractical, an altemative method
of sorting is required. One improved method of sorting would be to choose the next
command to be executed by searching the command queue to find the command with the
shortest access time. Although this does not result in a guaranteed minimum sum of all
command access times, it comes relatively close.

To computs the access time of an arbitrary command, the disc drive controller
firmware must first compute the seek time for the command. The seek time is the time
required to move the read/write element from the present track to the desired track.
Next, it must determine the expected rotational position of the disc drive after the seck is
complete. Since different disc drives will have different seek characteristics, the
firmware must provide for some margin of error when computing seek times. For very
1oug seeks, this margin of error may be quite large and hence, impractical for
implementation of the preseat invention. A sorting algorithm which minimizes rotational
latency for commands with relatively short sceks, however, would be a significant
contribution to the art.

In a first aspect, this invention provides, in a system including a data retrieval
demtandamtaﬁngmedium,amhodfo;deausingmmﬁmalmwychamctuised
by comprising; |
building a seck range array corresponding to discrete angular regions on the medium;

searching a command queue array for a command in a selected discrete angular
tegion; and
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In a second aspect, this invention provides, in & disc drive system including a
read/write element and & rotating disc, a method 1 decrease access time during 2 short
seek characterised by comprising:

building a seck range array corresponding to the discrete angular regicas;

buildmgaoommandqueuemy; '

searching the command queue array foracommzndinmsmdxmm
regions; and |

executing the command found in a discrete angular region.

In a third aspect, this invention provides, in a disc drive system including
read/write element and a rotating disc, a method to decrease access time during a shost
seek characterised by comprising:

building a seek range array;

searching a command queue array for a command;

oompuﬁngamtaﬁonalhtmcyﬁnmamumtpoﬁﬁon of the read/write element
to the command in the command queue;

executing the command found in the command queue.

In a fourth aspect, this invention provides a system including a rotating medium
baving a phurality of tracks, a tranaducing element adjacent the rotating elemeat and a
command queue array containing commands identfying locations oo tracks, a process of
moving the transducing element from adjacent a location on a first track to adjacent a
location on a different track ideatified by a command with minimal rotational latency
characterised by comprising:

building a seek range array defining locations on piural tracks that may be
accessed within one revolution of the medium as the transducing element is moved from
the first track;
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command queue array; and _

moving the transducing element 10 the selected location.

In a fifth aspect, this invention provides in a disc drive system including a
transducing element and a rotating media, a process to decrease access time during 2
short seek characterised by comprising:

bmldxngased:msumydcﬁmnghunmsonphmm:humybe
amsedwiﬂ::nmmduﬁmofthemdnsthemnsdmgdementumvedﬁm
the first track;

mmﬁfyingmmammammﬂqmmymminthew&
range array,

computing rotational latencies from a current location of the transducing element
mloaﬁonsaddmsedbﬁidenﬁﬁcdcommmdsinﬂwcomnmdqmamy;ml

selecting the identified command having the smallest rotational latency.

Thepmsentinmdmisamﬂhodmnﬂninﬁzem&ﬁmall;ﬂncyforsbatseah.
More particularly, the method requires the firmware (0 search the command queve for
commands which have a starting logical block address (LBA) that is 0.1 t0 0.2 of 2
revolution away from the current rotational position of the read/write element. If one of
" these commands has a starting cylinder number which is close enough to the curreat
cylinder. position of the read/write element to allow a seek to camplete within 0.1 of a
revolution, then that particular command is executed. Otherwise, the firmware searches
the command queue for commands with a starting LBA that is within 0.2 t0 0.3 of 2
revolution away from the current position of the read/write element. If a command can
be completed within a seek time of 0.2 of a revolution or less, then that particular
command will be executed, If 00 such command is available, the firmware searches for
commands with a starting LBA that is 0.3 to 0.4 of a revolution away, etc. If 10
commands are found which can be accessed within one revolution of the disc, the
firmware scarches the command queue for the command which has the shortest expected
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position betweea two LBAs. Although this could be accomplished by coaverting the
LBA numbers into a physical address (L.e. cylinder, head, sector) the scctor numbers of
LBAs in different recording zones cannot be compared easily. To resolve this situation,
the method requires the firmware to divide the disc into a number (e.g. 100) of discrets
angular regions. For the pucpose of sorting the queue, the starting and eading LBA for
achcommandisconvmedinmacyﬁnk,w.andangm:ﬂegimm'm
angular region qumbers (¢.g. N=1...N=100) provide 2 common system of messurement
for all LBAS regardless of recording zone. These angular region numbers are always |
treated *modulo 100°. For example, the differeace in rotational position from angular
regioa 90 to angular region S is 15. The firmware treats an angular region difference of
10 to 19 as 0.1 of a revolution and 20 to 29 as 0.2 of a revolution, etc.

Embodiments of the invention will now be described by way of example oaly,
with reference to the accompanying diagrammatic figures in which;

Figurelshowsaplanviewofamﬂngdisc,potﬁmsofﬂlediscwhichmbe
reached within one revolution of the current position of the read/write element are
shaded;

FigumzshowstmhﬁngdiscofFlgmldividedinmdismangulumgiom
- a3 required by the method of the present invention; and

Figme3haﬂowdiamofmemofmemethodofthemtinvmﬁonmd
BsplhbmmFigmuSAmmidmﬁalpuuhavingmemmfuwcenm
throughout.

Figure 1 shows a plan view of rotating disc 10. Read/write element 12 is shown
positioned at Jocation X1 on disc 10. Skaded area 14 represeats the seck range [N] or
the number of cylinders that can be traversed by read/write element 12 during one disc
revolution from its current posiion at point X;. For example, assume that read/write
element 12 is able to cross & total of 200 cylinders in one revolution of disc 10. More
particularly, within one revolution, starting from point X, read/writs element 12 will be
alblemuxvusefZOOcylindm. At point X, shaded region 14 is very small because a
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vetysmaupﬁmtzgeofﬂledmtevohmmuoomplm. Atpomth,however half of
a revolution has passed. mmdcymmnmdlmekmummm
within haf a disc revalution is approximately §0-120 cylinders. Correspondingly, the
width of shaded area 14 at point X7 has significantly increased with respect to the
amount of shaded area at point X). At point X3, an entire disc revolution is aimost
complets. Accordingly, the portion of shaded area 14 immediately adjaceat point X3
represents the greatest area of the disc that may be crossed it ane revolution
(approximately 200 cylinders).

Figure 2 shows rotating disc 10 and shaded area 14 of Figare 1 modelled in
discrete angular regions as required by the method of the present invention. More
particularly, disc 10 is divided into ten angular regions labeiled N=0, N=1, N=2,
N=3...N=9 wherein "N" is relative to the current actuator position.

In operation, read/write element 12 may be positioned at point Y1 which is the
boundary between regions N=0 and N=9. The method requires the firmware to initially
search the angular region labelled N= 1 for an exccutable command. If a command is
found within region N=1, the firmware then determines if the number of cylinders
read/write element 12 must traverse to reach the start of the found command is within the
seek range for that particular angular region. If the command is within the seek range
'(‘x.q._ the shaded area), the command is executed. If no command is found within the
seek range, the firmware searches angular region N=2 for a command within the seek
range of that region. _

Bach angular region is searched in a clockwise fashion until an entire revalution of the
disc is complete. If no commands can be found within any of the seek ranges i.e.
MMJOfMteﬁm.ﬁﬁmwmmtumemeWmmm
shortest seck time with respect 0 the current position of the read/write clement,

Figure 3 is a flow diagram of the steps of the method of the present invention. In
step 30, a scek range array is built, The seck range array is indexed acconding to time in
units of tenths of a revolution. Each element of the array contains the number of
cylinders which can be crossed in the amount of time corresponding to the element's
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index. Forexample,seekmlge[31=1mmeammataseekéaﬁm1wéymh )
3/10 of 2 revolution.

Inmp32,ﬂ1eﬁrmwedewrmm1ﬂhccommandqwnxsempty As Jong as
the queue is empty, no action will be taken. Nom,however,thatcommandsmaybe
added to the command queue at any time. In step 34, it has been determined that the
command queue is not empty, 3o the firmware targets angular region N=1. In step 36,
the firmware accesses the first command (L.e. index=1) of the command queue index.
The command queue index is an array that contains each command in the command
queve. Thus, command queue [1] is the first command in the queue, command queue
[2] is the second command, etc.

In step 38, the firmware computes the rotational latency from the current position
of the read/write clement to the command in command queue [1].

In step 40, the firmware determines if the rotational latency computed in step 38
is N/10ths to (N+1)/10ths of a revolution away from the current position of the
read/write element (i.e. within the parameters of region N=1). If the rotational latency
falls within the parameters which define angular region N=1, in step 42, the "cylinder
delta” is computed. The cylinder delta is the number of cylinders from the current
position of the read/write element to the start cylinder of the command in command
* queue [1].

In step 44, the firmware determines if the cylinder delta is less than or equal to
seek range of angular region N=1. The decision in step 44 determines whether
command queue [1] is in the shaded area of angular region N=1. If it is determined that
ﬂwcyﬁnderdelhiswimmﬁxeshadedmmp%mquhesmﬁonofmemmndin
command queue [1). Upon execution of the command, the current position of the
read/write element is now the physical location of the last LBA of the command just
executed (.¢. command quene [1]). Inmp48 command queue [1] is removed from the
command queue array.

If after step 40, the firmware determines that the rotational latency is not within

: IN/10ths o N-+1/10ths of a revolution away from the current position of the read/write
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range [N] of that particular angular region, the command queus index is increased by one
in step 50. '

hmmmeﬁmmmﬁahtnmwmmmdsmmi
they meet the parameters of N==1. The verification is accomplished by finding if the
index number is greater than the number of commands. If the index number is less than
thenumberofoommarﬂs.thaﬁmmmpeanm_%a.seqm If the index
numbez is greater than the number of quened commands, in step 54, the firmware targets
the next succeeding angular region N=N+1.

In step 56, the firmware determines if an entire disc revolution's worth of regions
have been scarched. In this example, it is determined if N=10. If an entire disc
revolution's worth of regions have not been scarched, the method requires the Srmware
to return o step 36 to begin the scarch procedure again for the angular region N=N+1.

If N=10, however, a new protocol is instigated. More particularly, in step 60,
the firmware searches the command queue for the command with the neaxest starting
cylinder with respect to the current cylinder position of the read/write element. Once
this command is found, the *index" of this command is set. Upon completion of step
60, the method requires the firmware to exccute the command and remove it from the
“queue in accordance with steps 46 and 48, respectively.

mmethodiuﬁmcﬁcalwaymsigniﬁmﬂymducetheammmtofmﬁme
associated with short seeks in memory assemblies which employ a rotational storage
medium. By searching the command quese 10 find and execute the command with the
shortest access time, the efficiency of data retrieval is enhanced.

Although the present invention has been described with reference to preferred
embodiments, warkers skilled in the art will recognise that changes may be made in form
and detail without departing from the spirit and scope of the inveation.

This invention provides in a system including 2 data retrieval element and a
rotating medium, a method for decreasing rotational latency comprises;
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| searching a command queue array for a command in a selected discrete angular
position; and | -

executing the command found in the selected discrete angular region of the
medium. |

Thisinvmﬁmpmvidahzadinﬁvesymindudingamﬁimwm
a rotating disc, a method to decrease access time during a short seek comprises:

building a seek range array corresponding to the discrete angular regions;

building a command queue array; |
searching successive discrete angular regions for a command in the command quene
array; and

executing the command found in a discrete angular region.

This invention provides in a disc drive system including a read/write element and
a rotating disc, a method to decrease access time during a short seek comprises:

building a seek range array corresponding to the discrets angular regions;

searching a command queue array for a command;

compuﬁngamnﬁm;lhmncyﬁmnﬂxemmtposiﬁonufﬂ\emadlwﬂww
to the command in the command queue;

_ executing the command found in the command queue; and

removing the executed command from the command queue.

The aforegoing description has been given by way of example only and it will be
appreciated by a person skilled in the art that modifications can be made without
departing from the scope of the present invention.
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CLAIMS:

1. 'mammammmﬂmaammmya
method for decreasing rotational latency is characterised by comprising ;
bmlmngaw&nmmymngmﬁmmmﬂth
searching a command queue array for 2 command in a selected discrete angular
region; and '
executing the command found in the sclected discrete angular region of the
medium. |

2, The method of claim 1 wherein building a seek range array corresponding to
discrets regions on the medium comprises:

determining a number of cylinders which may be traversed by the data retrieval
element during one revolution of the medium, dividing the media into a plurality of
discrete angular regions, and assigning cylinders of the number of cylinders to respective
angular regions.

3.  The method of claim 1 or claim 2 and further comprising exccuting a command
having a shortest access time with respect to a current position of the data retrieval
element.

4.  Inadisc drive system including a read/write element (12) and a rotating disc
(10), a method to decrease access time during a short seek is characterised by
comprising:
dividing the disc into discrete angular regions (14);
Mngammumymmndmgwthedimmﬂatma
buildmgacommqummy
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searching thecommndqummy ﬁnncommandmmvedm“guhr
regions; and
exccuting the command found in & discrete angular region.

s. Inadiscdﬁvesymindudingamdlwriteelmm)andamﬁnzdix
(lm,ammmmﬁmmuhonsekhww
building a seck range array corresponding to the discrete angular regions (14);
senrchingacommnc_lqmarnyfoncommand;
mmpuﬁngamﬁomlhmﬁcmﬂnmmtpgdﬁmofﬂnxudlwﬁndm
to the cormand in the command queue; and |
executing the command found in a discrets angular region.

6. The method of claim 4 or claim S whexein the seck range represeats a number of
cyﬁnduswhichmybeumudbyﬂwmd!wﬁtcelmanwithinamolnﬁmoﬂhedisc.

7. ° The method of any one of claims 4 to 6 and further comprising executing a
command having a shortest access time with respect to a current position of the
- read/write element.

8. The method of any preceding claim wherein executing the command comprises
.dmminingifthecommarﬂiswithinaseekm

9. mmamymmmmmmmmm
command from the command queue array.

10. Ina system including a rotating medium having a plurality of tracks, 2
. m:dumgdamtwmmmungdemmtandammmdqmmymm
"wmmndsmmfymgmsmmh.amofmmﬁemmm
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identified by a command with minimal rotational latency chacacterised by comprising:
blﬁldinganel;mgemy--deﬁningmﬁomonplmalmhﬂutmybe
accessed within one revolution of the medium as the transducing element is moved from

the first track; |

selecting a location in the seek range array identified by a command in the
. commdquenemy'and |
mmgﬂumgdmtbﬂwmm

11.  The process of claim 10 wherein building the seek range array comprises:
dividing the medium into a plurality of discrete angular regions, and
for each angular region, identifying a aumber of tracks on the medium that may
be traversed by the transducing element from the location on the first track during one
revolution of the medium.

12.  The process of claim 10 and wherein the location in the seek range array is
selected as having a sbortest access time with respect to the Jocation on the first track.

-13,  In a disc drive system including a transducing element and a rotating media, a
process to decrease access time during a short seek characterised by comprising:
building a seck range array defining locations on plural tracks that may be
accessed within one revolution of the media as the transducing element is moved from
the first track;
identifying commands in a command queuc array addressing locations in the seek
range array;
' computing rotational latencies from a current location of the transducing element
to locations addressed by identified commands in the command queue array; and
selecting the identified command having the smallest rotational latency.
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14, Theptoeessofclm lswhuanb\ﬁldinztheseknnsemycomm
dlvxdmgﬂaenwdumﬁoaphmlnyofd:neteanmﬂnms,md
for each angular region, ndannfymganumberoftmhonmemediumﬂxatmy
bemwudbymmdmgdam&ommcwmmumdmgmmhﬂm
of the medium.

15.  The process of claim 13an§fmhucnmpaiﬂngmovingtheidendﬁedmmd

16. The method of any one of claims 4 to 7 wherein the seek range array represents
the cylinders which may be crossed by the read/write element within the time taken to
rotate the disc through the respective discrete angular regions.

17.  The method of any preceding claim wherein a command queue array comprises
eachcommandintheeommandqm



