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TECHNICAL FIELD
The present invention relates to a method -of
controlling access to a recording disk requiring a high
transfer speed and access to discontinuous ﬁo's:l.t:l.ons on
the disk {random access) and to an apparatus for the
same. |
BACKGROUND ART
_ .Alon'g with the :I.no_raase of the spaed of
oomimters, disk storage devices which enable high
spesd, random access have bean becoming increasingly
important. In recent years, particularly in the
technology for nult:l.ned:l.d, now the foous of so much
attention, it '.is asseﬁt:l.al to acoess. the motion

pictures and audio stored on the disk as digital data

‘at a high 'sp'c!ed' and from positions on the disk separate '

from each other. Namely, a high transfer speed and real

time property are required for the storage of

‘multimedia data such as motion plctures and audio. The

high transfer speed naturally becomes necessary when
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handling a large amount of motion pioctures and audio.

Furthermore, the real time property requires
that an upper limit of the processing time not be |
exceaded. For example, the movement becomes awkward
unless 30 frames are luocessiveiy displayed per second
at constant intervals in the motion picture.

Further, if not able to keep up with the
capdbiiities of the disk and thers is insufficient audio
data, the sound breaks off and unpleasant noise is
generated. In this way, if the data of multimedis are not
prepared and used at their respeotively sbecizied times,
the value of the information drops sharply.

Accordingly, in the storage for nﬁltinedia. it is
important that the upper limit be guaranteed., that is,
thag the processing ocan be carried out in that tin@

even in the worst case. Otherwise, even if satisfying

~the specifications in terms of the average performance,

it is possible that the data will be too late at some
periods of time. The guarantee of the maximum value of

the processing time is referred to as the real time

- property and is an indispensable fugction in the

multimedia field.

In the storage of information for computers,

- improvement of average performance has been the primary

target. The worst value was not always kept low; that is,
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there was a large variation in storage processing time.
This point stands in sharp contrast to storage
requirements for multimedia.

In addition, in the main fields of
application of.mnltimédia. successive access to data at
physically separated positions (random access) must be
able to be carried out at a high speed. For example,
video-on-demand (VOD) is a system allowing a large
number of viewers to ocall up and view the programs they
like at the times they like. In order to ra;iize this,
it 1s necessary to process the requests from many
viewers in parallel and quickly prepare the data of the
parfs that the viewers are currently watching. For this |
reason, it becomes necessary to tﬁnoe the sources of
movies, etc. stored at a variety of locations on the
disk at a high speed.

' FPurther, in recent years, videos and movies
have been edited by usihg not tapes and films, but disks.
With a tape, when inserting a scene of a few leoonds.
into a position near the start of a program of, for
example, one hour, to prevent overwriting it is
necessary to shift to the rear all of the video after |
that insertion position and therefore re-record the
program. Unlike high speed reproduction of analog

audio casgette tapses, such re-recording of video
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programs requires about one program’s worth of time, so
the efficiency is poor. With a disk, however, since
random access is possible, it is possible to place the
insertion portion at another position on the disk, jump
once to that position and access the inserted video at
the time of reproduction, and then return to the
original position and continue the reproduction of the
video. Taking this methodology a step further, there is-
known a technigue wherein each scene (éut) of the
program is placed at different positions on the disk
and track them at a high speed at the time of
reproduction so as to make it appear as if a single
tape were being reproduced. By doing this, it is
possible to switch scenes and chinge lengths just by
changing the order of tracking of the data on the disk,
therbfore the efficiency of editing is extremely high.
This is referred to as non-linqar editing: Note that,
in this case as well, it is necealiry to track |
physically separated positions on ihe disk at a high
spéeﬁ. |

As seen in these examples, in the fields of

application of multimedia, it is extremely 1upo;tant to

access the data at a high speed while tracking

discontinuous positions_on the disk (this is referred

' to as random access), but the time for the movement of
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the head to the desired cylinder, which is referred to

as the seek time, and the time for waiting for the disk
to rotate until the start of the data appears in the
cylinder, uhich is referred to as the rotational delay
time, are necessary for movement to discontinuous
positions. These times are referred to as the évanhead
of the access. The longer this is compared with the
time for actually accessing the data, the longer time
it takes for the transfer of data from the qisk and
therbto:e fhe lower the perfornnnce. -

Now, when aisuning that the seek time of
the disk is Ts and the rotational delay time is Tr, the
overhead of the disk acocess becomes Ts+Tr. When the
head of the disk exists in the data and the time for
actually accessing the data is Tt, the efficiency
compared with a case where there is no jump of.the head
to a separate position becomes low as shown in the
follow1n§ Equation (1):

Tt/ (Tr+Te+Tr) (1)

Numély. in comparison with a case where the
data on the disk are saquentiﬁlly accessed from staﬁf
to:the end, in the case where random acoess 1s carried

out while tracking the data at separated poaitidhs, it

' is necessary to be aware of the reduction of the

performances by that amount. Accordingly, the task with
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multimedia disks is to suppress.the reduction in the
performance at the time of a2 random nocﬁas while |
maintaining the real time prope;ty (to determine the
upper limit of the processing time and guarantee to
always operate at a time equal to or shorter than this
upper limit).

In recent years, research has been conducted
regarding the method of guaranteeing the real time
property in the access of disks. For example, in D.
Anderson, Y. Osawa, and R. Govindan, "A File System for
Continuous Media™, ACM Transactions on Computer
Systems, Vol. 10, No. 4, pp. 311 - 337, 1992
(hereinafter referred to as "Anderson 92%), an attempt
is made to improve the performance o: a system by
obtiplzing'the relationship betwesen the amount of tﬁe
buffer memory for temporarily storing the data read
from the disk and the amount of the data fo be read in
a single access. | _

| When it ocomes to tﬁe.ovarhead of the access
of the disk, however, to facilitate the an#lgg;s, it
assumes that the worst values conceivable both_gor th§

seek time and the rotational delay time ococur at every

~ random acoess. Namely, the time whan.peqk;ng from the:

innermost circumference to the outermost circumference

is adopted as the seek time and the time for waiting
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for axactly'bne rotation is adopted as the rotafional
delay time. Of course, if making this assumption, the
estimate of the worst value of the processing fime is
extremely safe, but such an operation is not conducted
every time in actuality and therefore the esstimate of
the worst falue becomes very low in domparison with the
performance which can be derived £rom the disk in
actuality and such an estimate has little significance as
design data.

Further, in V. Rangan and H. Vin, "Efficient
Storage Technigue for Digital Continuous Multimedia®,

IEEE Transactions on Knowledge and Data Engineering,

Vol. 5, No. 4, pp. 564 - 573, 1993 (hereinafter

referred to as "Rangan 93"), it is investigated how,
when cutting a video file intoc a plurality of segments
and storing the different segments at different
positions, to determ;ne the lengtﬁs of the segments and
the intervals ﬁetuaén segments so as to maintain the
real time probertj. ' |

Here too, houbﬁér, when Jumpihg between.
segments (at time of random access), it is assumed that
the worst overhead is caused every time in the same ;ay-
as described in "Anderson 92", therefore a similar B
problem exists. . |

There have also been attempts to keep the
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worst value lower in comparison with these studies. These
enzble real time random access to be guaranteed with
much higher performances. Each of N. Reddy aﬁd J.
Wyllie, "Disk Scheduling in a Multimedia I/O System”,
ACM multimedia 93, pp. 225 - 233, 1993 ({hereinafter
referred to as “"Reddy 93"), J. Gemmel, J. Han, et al.,
*Delay-Sensitive Multimedia on Disk", IEEE Multimedia
1994, pp. 56 - 67, 1994 (herelﬁnftar referred to as
"Gemmel 9@'), and M. Chen, D. Kandlur, and P. Yu,
"Optimization of the Grouped Sweeping Scheduling (GSS)
with Heterogeneous Multimedia Streams”, ACM Multimedia
93, pp. 235 - 242, 1993 (hereinafter referred to as
"Chen 93"), attempts to suppress the overhead by using
a head scheduling algorithm referred to as “SCAN".

"Head scheduling"” 1s a method for reducing
the seek time by tinkering with the oxrdexr of the access
whexre it is necessary to sccess a plurality of

positions on the disk. The SCAN algorithm shown in rig;

1. 4is an algorlthn in uhioh a glvan plurality of - I/o

requests (81, #2, ...) are sorted in the radlal
direction of the disk and sequenti;lly processed.
Reciprocal operntloﬁ of the head, which will'pcour if
the processing is carried out. in the order of a:rtvll
of the I/O requests (#1, #2, ...), can be p;evgnted'andl

in turn the respective seek times can be reduced. As
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the algorithm of the head scheduling, many algorithms are
known. These are mentioned in detail in for example H.
Deitel, "Operating Systems®, Addison Wesley, pp. 360-372,
1990. :

All of “"Reddy 93", "Gemmel 94", and "Chen
95' are predicated on the assupption the use of a SCAN
algorithm, therefore are able to suppress the seek time.
Accordingly, it is possible to lower the worst value of
the overhead and guarantee a higher performance in
comparison with "Anderson 92" and "Rangan 93;.

However, fhe only thing which the SCAN
algorifhm can suppress is the seek time. No allusion
has yet been made up to now about reduction of the
rotational delay ﬁime.

"Reddy 93" assumes that a special function
referred to as a zero latency access mechanism exists
in the disk. The zerc latency acceas mechanism is a
method 1n which the data is successively read even from
the middle of the data at a point of time when the head
reaches the desired track and the leading portion of _'
the data which was not in time is read again when the
disk rotates one time and that pcrtion returns.

Accordingly, when the disk rotates one time, the

' desired data can be all reliably read and therefore the

total of the rotational delay and the access of data
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becomes the time of the amount of one rotation at the
maximum.

quover, since few actual disks utilize this
mechanism, it may be that the assunption in “Reddy 93"
is not rzalistio;

On the other hand, "Gemmel 94" adopts a

method of estimating the overhead by always adding the

maximum value as a result of considering that the

rotational delay is an amount foxr which control and
prediction are impossible. This is safe but there is a
lot of waste, which poses a problem. Further, "Chen 93"
treats tha.rotational delay as a negligible correction
texrm, but this is not realistic. For example, in the
recent high speed disks, the rotation c&ule is 8.3 mS,
while if the SCAN algorithm is usaﬁ, the maximum value
of tha seek time can be suppressed to about 6 ms or
less. Therefore the rotational delay is d&ninant.
Furtherxr, from the viewpoints of the air resistance and
the consumed electriq power of the motor and resultant
heat generated, it is-ditticult to ezpect_anj epoqh—
making improvements in the_iot;tioﬁai speed from this

'point onward. The reduction of the rotational dslay is ,

the biggest problem which should be solvad.
It is also pointed out that in the usual fila

system for computers, the rednotion of tho rotational
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delay is important. S. Ng, "Improving Disk Performance
via Laténcy Reduction', IEEE Transactions on Computers,
Vol. 40, No. 1, January 1991, pp. 22 - 30, 1991
(hereinafter referred to as "Ng 91") mentions a method
of reducing the average rotational delay time at the
time of a read opeiation by the method of prepariﬁg a
copy of the data shifted in phase in the rotational
direction etc. However, it is difficult to apply this
method for multimedia applications which 1nv91ve a huge

amount of data.

DISCLOSURE OF INVENTION

An object of the pressent invention is to provide a
method and appnrafus for oontrolling acocess to a
redording disk whioch can realize a high speed random
access while maintaining the real time property by
suppreséing both of the seek time and the rotational
delay time. Such # ﬁathod of controlling access to a
reaording'&ilk and an apparutu&ltherefor are preferred

as the storage for multimedia data, demand for which

" has beeh'increasing.

A method for controlling access to a recording
disk of the present invention determines a skew so that
a rotationii'délay time at an average distance of

movement when a head accesses the recording disk
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becomes short; determines the position of a data block
on the rhuording disk based on at 1easf the determined
skew; schedules an order of a plurality of input disk
access reqnastg so that an amount of movement of the
head becomes small at the time of acocess with respect
to the recording disk by the head; and pexrforms the
access to the recording disk by the head based on the
resuit of the scheduling.

Further, the method of controlling access to a
recording disk of the prpsent invention prefeiably has
the determination of the position of the data block on
the racording disk carried out based on a gap |
indicating an angular difference between the start and
the end in the same data block in additiqn'to the skew.

Further, the method of controlling access to a
recording disk of the present invention preferably
provides data of a plurality of oonbinatio;s of the
skew and the gaps and has the combination data
selectively used in accordaﬁoe with the position on the
recording disk,

Further, the nothodlﬁf contiolling access to a

recording disk of the present invention changes the

size of the data block so that the gap is constant over

the entire region from the outside to the inside of the

recording disk.
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Further, the method of controlling access to a
recording disk of the present invention preferably
determines the skew in accordance with the change of the
gap of the data block generated due to a difference of
radius of the recording't:nak.

| Further, the method of controlling access to a
reoording disk of the present invention preférubly hasg
the scheduling change the orderxr §f a plurality of
requests for disk access so that they are arranged 1n
brder from the nearest one on when the recording ﬁead
is moved from the current position toward an inner
circumference or outer circumference of the recording
disk and,ﬁns the daterﬁination of fhe position of the
data block on the recording disk determine the skew and
gap so that a difference between a delay time Td(L)
givei: by the following Equation (2) and a seek time
rs(ﬁ) near an average seek distance La given by the
following Equafion (3) becon.slsuftioiently amall in

comparison with the rotation cycle:

TA(L)= (n-ac-e§+eg+zﬁn )/w {2)
La=Lt/(N-1) (3)
whére, L is a seek distanoe in units of the

numbex 6£ cylinderxs:
" Bo is a number of data block existing

in one cylinder;
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Os is a skew in units of radians;
Og is a gap in units of radians;
@ is a rotational speed (radian/sec)

of the disk:;

‘Lt is the maximum value of the

distance bstween access positions of
the two ends when arfinging the
access reguasts in order in unitg of
the number of cylinders;'

N is the number of acocesses to be
simultansously processed; and,

m is selected so as to become the
smallest within a range where Td(ﬁ)
exceeds the seek time Ts{L) at the

seek distance L.

Further, the method of controlling access to a

recording disk of the present invention preferably has

the scheduling ohdnge-tha oxrder of a plurality of

requests for disk access so that they'a:e arranged#® in

20 the order of appearance when the head is moved from the

current position toward the inner cirocumference or

outer circumference of the recording disk and has tye

. determination of the position of the data block on the

recording disk determine the skew and gap so that the

25 delay time Ta(L) given by the following Equation (4) is
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always longer than the seek time IQ(L) and the
difference bétuuen the delay time Td(L) and the seek
time Ts(L) becomss sufficiently small 15 comparison
with the rotation cyole:
PA(L)=(L-Bc-Os+0g) /@ | (4)
Purther, the method of controlling access to a
recording diak of the present invention preferably has

the memory disk divided into first regions used when

the head moves from the inner circumference to the outer

oircumference and second regions used when thé head moves
f£from the outer circumference to the inner ocircumference;
has the determination of the position of the data bloock
on the recording disk determine the optimum skew and
gap in the reépective regions based on the direction of
movement of the head:; and has the scheduling
selectively access only the first and second regions in
accordance with the diiaction of movement 6! the head.
Further, the method of controlling access to a
racording disk of ths present invention p:eferablf has
theirirhi regions and the second regions on th§
recording disk divide the disk into a plurality of at
least two portions along the radial direction and has
both of the f£irst regions and second regions allocated
g0 as to be dispersed from the innermost circunferaﬁéﬁn

to the outermost circumference on the disk.
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The apparatus for controlling access to a
recording disk of the present invention has a skew
determining means for deteiuining the skew s0 that the
rotational delay time ﬁt the average distance of
movement when the head accesses the recording disk
becomes short; a data block arranging means for
determining the position of a data block on the
recording disk based on at lsast the detexningd skew;
and a scheduling means for scheduling the order of a
plurality of input disk access requests =mo that the
amount of movement of the head becomes small #t the
time of access of the recording disk by the head,

wherein the head pexrforms the access to the recording

disk by the head based on the results of the scheduling.

Further, the apparatus for eontroiling access to
a recoxrding diik of the present invention preferably
has the data block arranging means perto:m'thq
arrangement based on a gap indicating the angular
difference between the start and the gnd;;n the same
data block in addition to the skew.

Further, the apparatus for céntrolling access to
a recording disk of the pragent invention prefa:ably
has the data bloock arrang;hg means have data on a .
plurality of combinations of the skew and the gﬁp; and

selectively use the combination data in accordance with
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the position on the recording disk.

Further, the apparatus for controlling access to

‘a recording disk of the piesent invention preferably

has the data block arranging means change the size of
the data block so that the gap is constant over the
entire region from the outside to the inside of fhe
recording disk.

Further, the'appaiatus for dontrolling access to
a recording disk of the present invention prgferably
has the skew determining means determine the éken in
acocordance with the change of the gap of the data block
generated due to a difference of the radius of the
reoofding track.

rnrfher, the apparatus for controlling aooess.to
a rbcording disk of the present invention prefer#bly
has the schahuling means change the order of a
plurality of requests for disk access so that they are
arrﬁngad in order from the nearest one on when the
zecordihg head is moved from the current position
toward an inner circumference or outer circumference of
the recording disk and has the data block arranging
means determine the skew and gap so that a difference
between a delaj time TA(L) given by the following .
Equation (5) and a seek time Ts(L) near an_averige'seek

distance La given by the following Equation (6) becomes
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sufficiently small in comparison with the rotation cyocle:

Ta(L)=(L-Bo-Os+6g+2mIr) /0 (5)

Las=Lt/(N-1) (6)

uhaie, Lis a lﬁek distance in units of the
5 ‘ number of coylinders;

Bc is a number of data blocks
existing in one oylinder;
Os is a skew in units of radians;
Og is a gaplip units of radians;
10 ® is a rotational speed (radian/sec) of
the disk; |
Lt is the maximum value of the
distance between access posifions of
the two ands when arranging the
15 _ | access requests in order 1# unitslof_
the number of cylinders;
N is the number of accos;as tq be
simultaneously p:oceiséd: and, |
m is selectedlso as to become tha-
20 | | smallest within # raﬁge.uﬁare Td(L)
exceeds fhe seek time Ts{L) ;t the.
seek.distanoe L. : .
Furthexr, the apparatus for controlling-aqdess to
a recording disk of the present 1nv§ntion p:?fgrgbly

25 has the scheduling means change the order of a

-
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plurality of requests for disk access so that they are

- arranged in the order of appearance when the head is

moved from the curﬁent pbsition toward the inner
oircumference or outer ocirocumference of the reeﬁrding
disk and has the data block arranging means determine
the skew and gap so that the delay time TA(L) given by
the followiqg Equation (7) is always longer than the
seek time Ts(L) and the difference between the de;;y
time TA(L) and the aeek time Ts(L) becomes qufficiently
small in comparison with the rotation oyole..

TA(L)=(LBc-0s+8g) /& (7)

Purthexr, the apparatus for controlling access to

a recording disk of the present invention preferably
has the.meno:y.disk divided 1nto £1rst regions used
when the head moves from the inner circumference to the
outer circumference and agcond regions used when the
head moves from the outer circumference to the inner
circunférence: hﬁa th? data block a:rnnging means
determine the optiﬁum skew and gap in the respective
regibns based on the:diréotiéh of hovament éf the heaﬁ}
and has the #chadnling means selectively access 6n1y-
thé.first aﬁd ;chnd.iegiéns in accordance nith.the

direction of movement of the head.

Further, the apparatus for controlling access to

a recording disk of the present invention preferably
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has the first zegions and the second regions on the
recording disk divide the disk into a plurality of at
least two portions along the radial direction and has
both of the first regions.and second regions allocated
so as to be dispersed from the innermost circumferene@
to the outermost circumference on the disk.

In the method of controlling access to a
recoiuing disk of the present invention and the
apparatus therefor, when arranging the data blocks, the
blocks are ﬁ::unged shifted in the circumferential
direction (given a skew), therefore control can be
carried out so that the start of the desired data does
not pass the position of the hsad during the seek
operation. For this reason, it is not necessary to wait
for the time until the start of the desired data
returns again, both of the seek time and the rotational
delay time are suppressed low, and a rgnd;n access ocan
be realized at a high speed nhile mainta;ning the real
time property. -

Further, in the method of conf:olling access to a
recording disk of the present invention and the |
apparatus thereof, the skew is chapged between the
regions used when the head move§ from the outﬁr |
oircumference to the-inngr circumfereénce and the

regions used when the head moves from the inner



WO 97/16783 PCT/IP96/03109 -

21

circumference to the outer circumference, whersby the
optimum skew can be given irrespective of the direction

of movement of the head.

5 BRIEF DESCRIPTION OF DRAWINGS
These and other objects and features of the present
invention will become more apparent from the following |
description of the preferred embodiments given with
reference to the attached drawings, in which:
10 | Fig. 1-13 a diagram for explaining the'ialafed axrt;
Fig. 2 is a block diagram of the configuration of
an apparatus for oontrolling access to a recoxding digk
according to a first embodiment of the present invention:
-rig. 3is a flén chart for explaining the
15 'prdbessing in the block allocator shown in Fig. 2:
Fig. 4 is a flow chart for explaining the
processing in the scheduler shown in Fig. 2; _
Fig. 5 15 ; Qr;ph showing a-relationship between a
seek tim@land seek distance of a drive;
20 Fig. 6 i3 a dlagram for explaining a method of
arrangement of blocks on a disk by the block alidcator:
Fig. 7 is a chart for explaining the content of the
biock map: - | - o
Pig. 8 is a iiew-for-e:plaining the content-of tﬁe

25 proceassing at step 53 shown in Fig. 3;
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Fig. 9 is a graph for explaining the content of the
procissing at step 83 shown in Fig. 3;

Fig. 10 1# a graph for explaining the overhead in
a case where both of the seek and the rotational delay
are considered;

.rigs. 11A, 11B and 11C are views for ezplm:.nQ one
example of distribution of accesses on the disk;

Fig. 12 is a graph for explaining the overhead in
a conventional SCAN algorithm; |

Fig. 13 is a graph for explaining the relationship
between a seek distance L and a delay in a case of
using an upward convex function enveloping a sawtooth
function;

Fig. 14 is a view for explaining the processing in
the block alloocator of the apparatus for controlling
access to a recording disk according to a second |
embodiment of the present invention; |

Fig. 15 is a flow chart for explaining the
processing of the block allocator in the apparatus forxr
controlling access to a recording di-k shown in Pig.

14; and | _

Fig. 16 is a chart for explaining the coﬁtant of

the block map in the apparatus for éontroll;ng aocéls

to a recording disk shown in Fig.: 13.
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BEST MODE FOR CARRYING OUT THE INVENTION

lBelow, an explanation will be made of the méthod of
controlling access to a recording disk acoording to
embodiments of the present invention and an apparatus
thexrefor.

First embodiment

Figure 2 is a block diaéram of a configuration of
an appafatus for controlling access to a recording disk
according to the present embodiment.

The apparatus for controlling access to.a
recording disk aoobrding to the present embodiment is
realized by operation of software in for example a
computer. Bach.bloak shown in Fig. 2 represents a main
progr;m module or main data structure.

A block'allooatér {(arranging means) 1 determines
how the data are arranged on a disk 5 based on a given
format parameter 10. The disk 5 nay be, for example, a
mignetic disk, ﬁ nagn;to-optio (MO) disk, or a hard
disk (HDD) is nsed, |

' The format parameter 10 includes the size of a
firsf data bloci, the hvaiage-head movement distance La
when performing fhe SCAN'schadule, the seek time
function Ts(L) of fhe-a=ive té'be used., and the
physical format of the disk 5.

The average hesad movement distance La is given by
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the following Equation (8) from the total number of
ocylinders Lt of the disk and the number N of the
accesses processed by one scan.

La=Lt/(N-1) (8)

The seek time Ts(L) of the drive is a funoction of
the seek distance L (number of cylinders). The value
thereof is determined by the mechaniocal characteristics
of the disk drive used. This example is shown in Pig.
5. How many access requests are processed togéthar by a
scan is determined by the nature of the appliéation
using this disk, the performance required there, the

amount of the buffer memory which can be used, etc. The

'1arger the number N of the access #equests to be

scanned together, the more improved the random access
performance of the disk, but fhare is a side effect
that the response time is increased as the amount of
the buffer memory reguired 1; increased. |

These format parameters 10 are determined by a
central processing unit (CPU) (mot illustrated)'hAving
a oonfrol program whioch manages fhe entire system, and
these.tornat parameters 10 are provided to the blook
alloocatoxr 1. In the eznnplelin which the present
embodiment is utilized for non-l;nea: editing, N = 10
and La = 300 ware given to the block d;loqatqt 1.”

Furthermore, the size of the first data block
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corresponds to one shaét of image data and is about 700

KB (kilobytes) in the ocase of the CCIR-601 format used in

broadoasting statibns etc. Of course, this nunarical
value can be freely set in accordance with the purpose
and various requested speoifications.

The block allocator 1 determines at which
position on the disk 5 eaah block is to be placed based
on ihe given format parameter 10. In this example, one
block equalé one frame of an image, but of course the
fundamental concept 15 similar even with datﬁ obtained
by dividing an MPEG or other compressed image into
suitable lengths, or even with audio data.

The disk 5 can be accessed for every what is
noimally oalléd a “"sector™ region. One sector usually
has & size of from about 512 B (bytes) to about 4 XB. A
doughnut shaped region in which these sectors are
arranged in a circle is referred to as a "track”.
rurther,.tﬁe oylindriocal iegion obnprising the group of
the same tracié of'a superimposed plurality of magnetic
media is referred to as a "oylindex"”. ”

One block of tha video and audio data is usually
larger than one sector, tharafore the block alloocator 1
allocates a plurality of seotors £or eaah bloak Figure
5 ahovs a sinple e:ample of a case where there is one

magnetic medium. The portion indicated by the hatching



WO 97/16783 PCT/JP96/03109

10

15

20

25

26

in Fig. 6, that is, an entire circﬁn!erence of the
track "1", and the sectors "0" to "6" of tﬁe track *2"
correspond to oﬁe block. In this example, since there
is only one medium, a "track® and a "cylinder” have the
same meaning, but in the case of a disk drive in which
there are a plurality of magnetic media, if all parts
of the same cylinder are completely used, the blocks
are alloo;ted to use the adjoining cylinders.

The allocation to the sectors is carried out for
all blocks. The result thereof is written on a block
map 3, whereupon the role of the block allocator.i
ends. The blodk allocator 1 designates a position of a
sector by the set of the cylinder ﬁunbor, the media
number (which sheet of media), and thé sector number.
However, in a drive of a SCSI (ARSI.Snall Computer
System Interface) specification, which has become the
most popular in recent yvears, serial numﬁ;ra (local
sector numbers, called "logical biook addresse;' in
SCSI, but here referred to as logiqal sector numbers so
as to avoid confusion ﬁith thp video and audio data
blocks) are given to all sectors in the drive and these
are used to access the data. For this reasog; the
correspondence betueen.thg logical sector numba;s-

determined by the drive and the physical addresses,

that is, the cylind@r numbers, media numbers, and
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sector numbers. 13 preliminarily stored in a physioal
address table 7. The block allocator 1 converts the
desired physical address to the logical sector number
determined by the SCSI referring to the physical
addtoss table 7 and enters this on the block map 3.

Figure 7 shows an example of a blook map. The
information oorrosponding to the block "0* corresponds to
the hatching portion of Fig. 6. |

On the other hand, the scheduler 2 oporates as
follows. First, the CPU for managing tho-entire system
determines the schedule parameter 20 and provides the |
schedule parameter 20 to the scheduler 2. The schedule

parameter 20 includes a constant N indicating how many

'nocons reqnests are processed together by one scan.

When the operator instructs the start of
reproduction of a motion picture image recorded on the
disk 5, the not 111ustrated CPU having a suitable
control progran 1ssnos requests for access to the
blooks 1n_uhioh the 1mages constituting the motion
piotnre 1nngo'nru stored for every imnge. These aooens
reqnests 40 are stoned'in tho access request buffer 4.
Tno sohedniennz.soqnentiaily takes out N number of
access reqnootsflo stored in the access request buffer
i from tno.aoooao roquentnnuhioh'arrived earlier, tin&o

the positions of the data corresponding to these
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requests on the disk 5 referring to the block map 3,
changes the oxrder of the access requests so that the
amount of movement of the head becomes the minimum, and
generates an instruction for access to the disk 5. The
ingstruction for the aoccess is made to match the
external interface of the disgk drive, and therefore is
converted to.tha SCSI protocol by the SCSI device
driver 6 and is then transferred to the disk 5. The
data read from the disk 5 is stored tempérally in the
data buffer 8 and further transferred to the video
interface of the apparatus.

When the operator instruots the recording of data
representing motion picture images, the not illustrated
CPU ha#ing a suitable control program issues requests for
access to the block in which the images constituting the
motion picture image are stored for every inagé. These
acoess requests 40 are stored in the_acoe;s reguest
buffer 4. At the samb time, tha.inage dat§ 80

constituting the motion picture are transferred £r9m a

' video interface (not shown) to the data buffer 8, and

such image data 80 is temporally stdrad-in £he data
buffexr 8._Thg snhedulai 2 sequentially takes out.n
pumber of acocess regquests 4o.§tored in the #cgenﬁ
request buffer 4 from the access requests which arrived

earlier. Next the scheduler 2 £inds on the disk 5 the
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position of the data corresponding to these requests, .
referrin§ to the block map 3. In addition, the
gchaduler 2 changes the order of the access requests so
that the amount of movement of the head becomes the
minimum, and generates an instruction for acces§ of the
disk 5. The instruction for the access is made to match
the external intertade of the disk drive, and therefore
is converted to the SCSI protocol by the SCSI device
driver 6 and is fhen transferred to the diak.s.

Below, a detailed explanation will be made of the
operation of the bloock allocator 1.

As the format parameter 10 in Fig. 2, when the size
of éne biook, tﬁe average distanca of movement of the
head La when performing the SCAN schedule, the seek
tiime function Ta(L) of the drive to be used, the
physiqal format of the disk 5 (number of .cylinders,
numbexr of sectors in one track, and number of media
oonsfitnting tﬁa cylindar) are given, the block

allocator 1 determines the position of each block on

the disk 5 by the procedures of steps S1 to 55 shown in

FPig. 3.

At step 51, it is ohloulated how many blocks of the

image exist in one cylinder (Bo). The total number of the

sectors in one oylinder is obtained by multiplying the

numbexr of sectors in the track by the number of the
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media. When this is divided by the number of sectors
necessary for storing one block, Bc is found. B

The gap Og is found at step §2. The gap is the
angular difference between the leading sector and the
final sector of the block. As an example, in the oase
of the block indicated by hatching in FPig. 6, the start
is the sector "0" of the track "1", and the end is tﬂa
sector "6" of the track '2'; therefore the gap €g is
5/12ths of the ciroumference, that is, 51n/6 radian.

The skew O8 is found at step S3 based bﬁ the above
data. Here, fhe skew Os means the angular difference in
the circumferential direction between heads of adjoining
blocks. First, by using the position of the head when the
reading of a certain block is ended as the start point.
when represented by an equntion, the time Ta(L) until the
head of the data reaches the same angle in the
circumferential direction at the position where the head
has moved from the start point by an amount of L
oylinders, the following Equation (9) is obtained:
| : !d(L)-(t.-Bc-es+eg+-z-n'n) /0. . | (9)

where, L 1# the seek distance in units of
the nnmbers of cylindars-
Be is the nnmber of blocks existing in
one cylinder'

Os is the skew in units of radians;
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g is the gap 1n.un1ts of radians;
'@ is the rotational speed
(redian/eee) of the disk; and

m is any integerlwhere T4d(L) becomes
positive.

Figure 8 explains the meaning of Eguation (9) on
the disk. | |

In'rig. 8, assume that the access of the block "0"
has just been ended. Assume that the head ig located in
the direction of the angle 70 when seen fren.the _
center. Now, when desiring to access the same block "0O"
again, it is necessary to wait until the disk rotates
exactly by the amount of the gap Og, therefore the
delay time of 95/0 is caused.

Further, for the head of the block "n", it is
necessary to wait until the disk rotates exactly by the
angle of the sum of the gap Og of the block "0" and n
number of blocks worth of skew (nOs). This takes nBs/w
worth of b:l.me. Since the disk is rotating, the start of
the data reaehes the position at which the head placed
at a tinm obtained by adding a uhole nultiple of the
rotation cycle to the time obtained in this way. When
the head moves by n number of blocks, this corresponds
to novement of n/Bo eylinders in terms of the number of

cylinders, therefore when drawing a graph while
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plotting the number of cylinders on the abscissa and
plotting the delay time until the start is reached on
the ordinate, Fig. 9 is obtained. The larger the skew,
the larger the inclination of the group of lines. Note
that, in the above theory, it was assumed that the
position (angle) of the head in the circumferential
direction seen from the center was constant
irreapeoctive of the distance from the oenfor. In
actuality, there exists a case where the position is
not correctly constant depending on the mechanism of
the head, but the influence thereof is surfio;entlf
small, and therefore it can be usually ignored.

As shown in Fig. 9, the tinp until the start of the
block arrives below the head in each oylinder is obtained
by ghe Equation (9). However, since the head must move to.
the desired oylinderxr uithin this time, the delay time
becomes the time until the start of the biook appesars the
first time after the seek operation. This is the overhead
TA(L) which considers both of the seek and the rogational
delay. Figure 10 shows an example of this and gquat1§n 1
shows the definition tha:eot..mha actual_;varhgad (delay
tima) is indicated by the bold line #n Fig. 10.

Note that the function dt thg seek time is _
1ndicafed by fhe dottad liﬁg.;In-thglfigure,_rpgt is

one rotation oycle.
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At stap.ss-l,-the formula of the straight line of
m = 0 in Equation 3 and Fig. 9, that is, the Fformula
indicated by the following Equation (10), is found:

T4(L) = (L'‘Bc'Os+0g)/0 (10)

The'subsequant steps 83-2, S§3-3, and 53-4 are the
steps for selecting the skew Os so that this straight
line is always higher (larger) than the funotion Ts(L)
of the seek time and substantially in contact with the
function of the seek time. The straight line of m = 0
of Fig. 10 is obtained by using s selected in this way.

sﬁeps 54 and 55 determine the position o: each
block on the disk over the entire area of the disk by
using the skew and gap obfained in the above way.

At step S4, the pointer of the physical address is
initialized to (0/0/0) at £irst.

Next step S5 is a loop repeated for all blocks. In
the loop, first, at step S5-1, the logical sector
number 1siobta1ned from the physical address referring |
to the pﬁysiqal address table. At step S5-2,
information such as this aﬁd the physical address are
written on the block map 3. The content of the block
mep 3 is shown in Fig. 7. |

ﬁgbn the processing heretofore is ended, the
pointer of the physical address is moved forward in

preparation for the proocessing of the next block. The

PCTAIP96/03109 -
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pointer Ppa of the physical address is updated at step
S5-3. At step §5-4, it is decided :or all blocks

whether or not the processing of steps S5-1 to §5-3 has
been carried out. If it has not been carried out, the
processing of steps §5-1 to §5-3 is carried out for the
blodks for which the processing had not been carried out.

'Here, the arrangement of the N-th block on the disk
is:

(1) Backward from the aliooated block and

(2) In a region in which the sector having the
angular difference from the start of the 0-th bloock
nearest NOs is defined as the start.

Next, an E:planation will be made of the worst
overhead in the method of ocontrolling access to a
recording disk according to the present embodiment.

In general, the.éocess.zequest 40 is generated with
respect to all positions on the disk 5. rﬁe positions
processed by one scan have the unevenness in distribution
ags shown in Fig. 1ll1A or 11B and are aonye;iely
distributed uniformly as shown 1nlrig. llcf In fhis
example, the head noves.annng six access requests 40,
therefore five random accesses and the ovarhegds

accompanying this are generated. The total sum of the

-ovafheads with respect to these five random accesses

becomes the worst in the case where all the accesses
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are uniformly distributed when the function of the

- overhead exhibits an upward convex shape (Fig. 11C). When

there is unevenness in the distribution, the total sum
of the overheads becomes smaller than this. In othér
words, when the overhead in the average distance of
movement La of the head is repeatedly generated..the
total sum of the ovgrheads becomes the worst (largest).
Td{L) of Fig..lo is a sawtooth function. If T4(L)
is replaced by a function having an upward convex form
that envelopes this from the top, the above tﬁeory
basically stands. An example of such a funotion is
shown in Fig. 12. That is, the worst overhead per one
access becomes the value obtained by reading the T4(L)
value at the position where the distance isg La in the

graph of Fig. 10 (Tmax in the figure). As mentioned

. before, this is an approximation, but as in the example

of Fig. 10, the function of Td(L) and the function
enveloping thi; £from the top usually coincide with each
other near La, thorefora it can be oonsidarad in
aotuality that there. 15 no error. Purther. the
approximation 13 on the safe side (side on which the
overhead is estinated larger than it is), therefore
there 1s no risk of estimating the worst value snaller
than the original value.

At step S3 shown in Fig. 3, the skew was selected
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S0 that one of the group of straight lines of the

rotational delay given by the Equation (9) is 1§oated

at a position higher than the function Ts({L) of the

seek time but near this as much as possible. By this,

TA(L) can be made small near the distance La, and

consequently the worst overhead Tmax can be made smaller.
" Figure 12 shows the overhead in a conventional SCAN

algorithm. In the conventional Schn algorithm as well,

the total sum of the overheads becomes the worst when the

accesses are uniformly distributed. However, unlike the

présent embodiment, there . is no consideration given with

respect to the rotational delay, therefore even after the

seek operation of the head is ended, it must be
considered that a rotational delay of one rotation is

generated in the worst case. For this Teason, a value

.obtained by adding the oycle Trot of one rotation to

the seek time Ts(La) at La becomes the worst overhead.
As apparent from the comparison of Fig. 12 and‘fig. 10,
this becomes a eonsi?e:ably larger value tﬁan that of
the method according to the present embodiment. In our
experiments, 1§ was confirmed that the worst overhead

became almost half in the prasent_enboﬁinept in

‘comparison with that by the conventional SCAN algorithm.

As explained above, in the apparatus for

controlling access to a ruoordihg disk acoorging to the
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present embodiment, by suitably selecting the skew and
gap, it is possible to suppress the overhead Td(L) in
the average head movement distance La to the lowest
level, anﬁ the rotational delay time can be made small
by this. In the flow chart shown in Fig. 3, the size of
the block had a given fixed valﬁe. but according to the
purpose, the size of the block can be selected within a
cexrtain range. In this case, both of the gap Og and the
skew Os can be changed, and therefore the position of
the straight line can be finely controlled so that it
approaches the seek time near La.

By the above method, the overhead acoompanying the
movement among the bléﬁks is greatly improved. Where a

block is large and extends over a plurality of tracks

. or a plurality of coylinders, however, the time

accompanying the change of the tracks and the time of
movement tb the aﬁjoining oylinder must also be
considered. The times necessary for the change of the
tracks and the movement to the adjoining cylinder are
ooﬁstinf tbo. théreforo'by giving a skew among the
tracks or cylindeis so that the data arrives just

banoatﬁ thé'head after theié times elapse, it 13.

possibie fo preéant”a 16n§ rotational delay from being

generated in the block along with the change of the

tracks and the movement among the ojlinders. For this



WO 97/16783 " . PCT/IP96/03109

10

15

20

25

. 38

pﬁrposa. the block allocator 1 has anofher set of skew
and gap for acoess in a block at fhe highest speed
other than thé skew and gap for the movement among the
blocks already explained. At steps S4 and 85 in Fig. 3,
it is suffiocient to arrange the blocks by using the

latter skew and gap when arranging one block on the

disk. It is possible to make the latter gap zerc at all.

times and just use the skew to absorb the change of the
tracks and the.tine of movement amon§ oylinders.

Next, an explanation will be mad§ of the
operation of thg scheduler 2.

Figure 4 shows a flow chart of operation of the
scheduler 2. At step S11, the head of the disk is moved
to the cylinder "#0" at first. Then, the processing
routine proceeds to step 812 at which the actual
scheduling is carried out.

At step §12, N number of acoess requests are read

and fetched from the access request buffer in the order

from the previous (older) requests in time at #tep S12-

l. In one access regquest, the numbers of the blocks ﬁhioh

should be accessed and the leading addreis of the data
buffer used for the data transfer are describod.
Purther, the number N ia a oonutant preliminarily givan

from another oontrol progrum (not shoun)..

At_step §12-2, the block map 3 is referred to for
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each of the N number of access requests, and the ppysical
addrassés of the blocks which should be accessed
(oylindexr numbers, media numbers, and sector numbers)
are confirmed. Subsequently, at step S12-3, these N
number of access requests are rearranged in an order
from the smallesf cylinder number up. By this
operation, the scheduling of the SCAN algorithm is
realized. At step S12-4, these rearranged access
requests are sent to the disk via the device driver in |
the order from the smallest cylindexr nunber ﬁp and
actual accesses and data transfers are carried out.
When one block's worth of access instruoctions is

issued, the end of the transfer is awaited at step S12-

. 5, and then the next access instruction 13'1ssued. By

rebénting this N number of times (S12-6), the
processing of N number of acoess requasts is ended. At
step S12-7, the control program is notified that the
procﬁssing of the N nuﬁber of accesses is endeﬁ. and
the series of b:ocessing concerning the N number of
access requésts'is ended. | | |
Finally, at step 512-8 it is determined whether
an N number of access Teguests is not stored in the
ﬁecﬁi; rgunst buffer 4. If not, the scheduler.zl |
retninﬁ'té'af;p Sliil. fiﬁes out the next N nﬁiﬁér of

access requests, and continues the processing. If thgre
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are nof an N nunbef of requests in the aoccess request
buffer, the processing is paused af this step.

Note that, for example, the block allocator 1l
arranges the bloocks and changes the sizes of the bloo#s
so that the gap is constant over the entire area £rom-
the outside to the inside of the disk 5, whersby the
real time property of the access can be further enhanced.

Second embodiment

l!ha scheduler 2 of the first embodiment explained
above moved up to the outermost access position at the
start of the next soan. Namely, when the last access
was carried out at steps §12-4 and 512-5 in Fig. 4, the
head performed thé innermost aocelé among the N number
of accesses. By the first access of the loop for
processing the next N number of accesses, movement to
the outside cylinder having the ¥nallest oylinder
number is caused. Concerning this movdneni, a seek
operation of the largest length from the innermost

cirounfefenoe to the outermost circumference and a

rotationﬁl delay of one rotation are generated in the

worst case. Since they occur.for.evﬁry N punbe: of
accesses and since tpe ;ncegs;ng of data cannot be
carried out during tpis time, this must be added to the
total.sum of the overheads of the ont;:q scgn..0£

course, the performance is lowered by that amount.

-
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Of course, 1t'1s poasible to access the dia# even
during fhe movement from the innef cirocumference toward
the outer circumference, but since the direoction of
movement of the head becomes reversed, the first term
in the Equation (15), that is, the sign of the term of
the skew, is raviraed. For this reason, the optimum
skew and gap in the case of the movement from the outer
oirunmferenoé toward the inner circumference do not
always become suitable parameters for movement in the
reverse direction. This becomes a cause of fﬁa
redunotion of the performance when the head moves in the
reverse Qirection.

The apparatui for ocontrolling access to a
recording disk according to the second embodiment of
the present invention, which will be explained below,

handles this problem and provides a method of

performing high speed data transfer even when the head

returns £rom the inner circumference to the outer
circumference. First, the block allocator 1 divides the
cylinders into oylinders 50 indicated by the hatching
used when performing a sdan £from the outside to the

inside and cylinders 51 used when performing a scan

'from the inside to the outside as shown in Fig. 14. In

Fig. 14, the cylinders 50 marked by the letters P are

used when performing a scan from the outside to the
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inside, and the cylinders 50 marked by the letters B
are used when performing a soan from the inside to the
outside. In Fig. 14, the cylinders are divided into
groups of two coylinders, but the number of oylinders in
a group is not restricted to this. The cylinders may be
divided into groups of suitable units. |

In the same way as in the apparatus for ocontrolling
acoess to a recording ﬁiuk according to the firat
embodiment mentioned before, th§ processing of steps S4
and S5 shown in Fig. 3 after finding the skew.and the gap
according to step S1 of Fig. 3 is changed as shown in
Pig. 15. |

In Fig. 15, step 831 initializes th§ pointer of the
physical address to be allocated in the same way as in
the‘fixst embodiment. |

Suﬁsequently, the respective blocks are allocated
to the disk at step 532. Step 832 is a 1o;p repeated
for all blocks. At step S32-1, it is judged whether an
entire block belongs to the rogions of F o:;the r;gions
of B based on_the physionl-addregq of £h§ blocﬁ during
the ﬁrocessing. | | . _

Step S32-2 is a branch based on the result of this

judgement. If one entire b;ook belongs tao the regiomns

of F, step §32-3 to step S32-7 are executed. Among -

them, step S32-3 is the same as step S5-1 in Fig. 3 and
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is a step for examining the corresponding logiocal
sector number by using fhe physical address table,
while step S32-4 performs the write operation on the
block map 3 in the same way as step S5-2 in rig. 3.

In comparison with the block map 3 of the first
embodiment shown in Fig. 7, in the block map 3 in the
present embodiment, a flag indicating whether that block
exists in thé regions of F or the regions of B is added.
This situation is shown in Fig. 16. Step §32-5 is a
step of writing F in this portion. -

Where a block does not completely belong to the
regions of F in tha'branch of gstep S32-2, the
allocation to that physical address is not ca;ried out,
and a physical addiaas that completely becomes inside
the regions of F is Qought. At_gtep 832-6, the next_
physical address is found from the skew and the gap,

and further it is examined as to which regions it

belongs.'step §32-7 determines whether or not the inner

ciroumferenée.has-beén read. If not, the processing
routine jumps to step S32-1, after which in step S32-2
judgemanf is again exeouted. In this way, re-attempts aié

repeated, during which a physical address whersby the

" entire block belongs to the regions of F is pbtaihed.

This is allocated to the block.

For example, in Fig. 16, in the case of the
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system of arrangement of the £irst embodiment, the next
block No. 5 was placed at the physical address (1/5/8),
but the latter half of the block extends over the
oylinder No. 2 by this. The cylinder No. 2 is the
regions of B, therefore these regions are not
allocéted, and the address which can be allocated next
is seguentially found. The phyiioal address pointer is
successively advanced and the physical address (4/2/0)
is allocated for the block No. 5. As in the first
embodiment, both in the method for allocating the
blocks without skipping the niddle and in the method
for allocating the blocks while skipping the middle as
in this embodiment, the relationship between the
distance (number of cylindexrs) of the_radial direction
and the skew amount must be kept constant, therefore
the method of allocation as explained above is used.
This is the reason why use is not started'trom the
leading (4/0/0) of the cylinder No. 4. The above
processaing is repeated until the phgsioal address
ruachﬁs.tha innermost circumference.

Steps S33 to S36 perform similar processing with
respect to the regions of 3..!he start qf_tho-regions
of B is the cylinder No. z_as“sh;wn.iﬁ !ig, 14,
therefore the pointer of thg.phyﬁicai address 13_;

initialized to this address at step S33.
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Subsequently, the sign of the skew is reversed at
step S34. Thé regions of B are accessed from the inner
circumference toward the outer circumference, therefore
the amount of movement of the cylinder becomes negative.
Therefore, when also the sign of the skew is reversed
corresponding to thig, the optimum skew for the
novemeht of the head from the inside to the outside is
obtained.

Step 535 is the step for actually wriging the
data on the block map. This portion is ainilﬁr to steps
§32-1 to S32-6. Note however, that this is aifferent
from steps S32-1 to S32-7 in the following ways:

(1) The data is written on the block map only
when the entire block is in the regions of B.
Otherwise, another attempt is made by a new physical
address.

(2) B is written on the block map.

Finally, at step 536 it is determined whether all
of the blocks to be processed have been processed. If

hot; Ehé'prooessing returns to step S31. If all of tho

blocks.to be processed have been processed, the

processing is paused at this step.
‘Pigure 16 shows an example of a case where 5012
blocks are Sllocatéd'to-fhnfregions of B in total. At

this time, the block number of the regions of B is
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started from 5013, and the allocation of the blocks is
repeated until the head reaches the innermost
circumference again.

Since the block alloocator 1 is given the

oconfiguration as described above, the gcheduler 2 takes

out only the requests for accessing the regions of B
from the sddress request buffer for scheduling when the
head moves from the outer oiréunferance to the inner
circumferential direction and takes out only the
requests for accessing the regions of B from the
address request buffer for scheduling when this is
completed and the head moves tran the innexr |
oircumference to the outer cirocumference. By this,
irrespective of the diracfion of movement of the head,
the rotational delay can be always suppressed to the
minimum level. In the first embodiment, therxefore,
while a delay tiwe was caused fpr the heaa reaching the
inner circumference to return to fhe outer
circumference, thnio is no iuoh delay time in the:
present second anbodinont, 80 tha.parto:nanqe 6£ the
disk is improved. | |

Note that, it was mentioned in the first embodiment
that, when one block ﬁas iarge and extgpdegzover a
ﬁlurality of tracké and sactofs; the ‘efficiency was

good if another skew considering these times was given.
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In the present seoond'gnbodimant, use of a similar
teohniqﬁe is possible. In the present second
embodiment, when thé head moves from the inner
circumference toward the outer circumference, the head
sequentially moves from the inside cylinder to the
outside éylindsr also in the acca;ses within a block,
theiefére a skew for obtaining the time necessary for
the cylindar movement may be given in a reverse
direoction to that of moving from the outer
circumference toward the inner circumference;

Note that, as shown in Fig. 14, by providing the
cylinders 50 and the oyiinﬁars_Sl 80 that they are
dispersed from the innermost cirocumference to the
outermost circumference on the disk, the perfo:mance of
the disk access can be furthﬁr improvad.

As stated above, according to the method of
controlling acceass to a recording disk of the present
invention and the apparﬁtua thereof, the overhead of
the recor#ing disk, that is, the sum of the seek time
and the rotational delay time, can be reduced and, in
addition, the naximnﬁ value thereof can be guaranteed
to be a 16w valué;

| .Purther. acoo:diﬁg to the nnﬁhod of controlling
access to i'recorhing disk of the present invention éﬁd

the apparatus thereof, by giving a skew corresponding
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to the direction of movement of the head for every

_regilon, it is possible to reduce the overhead

irrespective of the direction of movement of the head.

It is to be understood that during or after the
period during which tpe head accesses the disk,
scheduling foi the next access movement of the head is
determined. When this nezf aaoeis 1s-started, the head
is moved to a start position which is defined by the
determined scheduling for such next acce#s movement of
the head. In the case of the first accesas movement of
the head after péwar-up of the apparatus of Figure 2,
the head is moved to a start position defined by the

f£irst determined scheduling after power-up.

¥While the present invention has been desoribed
above with reference to preferred embodiments, it is not
limited to those embodiments and includes all

modifications apparent to those skilled in the art.
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CLAIMS
1. A method of controlling access to a recording
disk, comprising the steps of: | |
| detefmining ﬁ skew which minimizes ai
5 rotational delay time at an average distance of
movement when a head accesses the recording.disk;
determining a position of a data bloock on the
recording disk based on at least the determined skaw}
scheduling an order of a plural%ty of input
10 disk access requests to minimize an amount of movement
of the head when the head acceases the recoxrding disk;
and
accessing the reobrding disk by the head
baseﬁ on the result of the écheduling.
15
2; A method of controlling access to a recording
disk as set forth in claim 1, wherein the determination
of the position of the data block oﬁ the recording disk
is based on, in addition to the determined skew, a gap
20 1ndioating an angular difference between a start and an

end of the same data block.

3. A method of controlling access to a recording
disk as set forth in claim 2, further comprising the
25 steps of:
-

I
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determining combination data regarding each
combination of the skew and the gap for a plurality of
data blocks; and
selectively using the combination data in
5 accordance with a position of each data block on the

recording disk.

4. A method of controlling access to a recording
disk as set forth in claim 1, wherein the size of the
10 data block is changed so that the gap is constant over
the entire region from the outside to the inside of the

recording disk.

S. A method of controlliﬁg access to a recording
15 | disk as set forth in claim 1, Qﬁerain the skew is |
determined in accordance with a change of a gap of the
data block based on a difference.of radiu; of the

recording track.

26 6. A method of controlling aooela tola recording
. disk as set forth in claim 1, wherein
the step of scheduling changes the ordab of
a plurality of ruquelta.for disk.apcgss.so that they;aré
arranged in an order starting from one nearest tolﬁhe l-

25 head when the bead is moved from the current position

—_— .

N
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toward one of an inner circumference and outer
circumference of the recording disk; and
fhe step of deteruiping the position 6f the
data block on ths record;ng.disk is based upon, in
5 addition to the skew, a gap indicating an angular
difference between a start and an end of the same data
block, such that a difference between a delay time
Td(L.) and a seek time Ts(L) near an average seek
distance La becomes sufficiently small in comparison
10 with a rotation oyole, where, |
Ta(L)=(L-Bo-Bs+Og+2mmr) /@, and
La=Lt/(N-1)
where, L is a seek distance in units
of the number of coylinders;
15 ; | Bo is a pumber of data blocks
| existing in one cylinder;
Os is a skew in units of
radians;
6g is a gap in units of
20 | . radians;
: @ 1s a rotational speed
(radian/sec) of the disk;
' ht'iﬁ.a.ﬁaziﬁnm value of th?
';diﬁtance between access o
25 - : positions of two ends when
-

U O
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arranging the access requests in
order in units of the number of
cylinders:

N is a number of accesses to be
simultanecusly processed; and,

m is selected so as to become
the smallest within a range
where

TA(L) exceeds the seek time

Ts(L) at the seek distance L.

7. A method of controlling access to a

recording disk as set forth in claim 1, wherein:

the step of scheduling changes the order ﬁf
a plurality of requests for disk access so that they are
arranged in an oxrder of appearance when gha head is moved
£from the current position toward one of an inner
circumference and an outai circqnterunce of tha_recording
disk; and

the step of determining thg posit#on of the |

data block on the recording disk is based upon, in

addition to the skew, a gap quoh_that’g delay time

Ta(L) is always longer than a seek time Ts(L) and the

difference bhetween the delay time TdA{(L) and the seek

time Ts{L) becomes sufficiently sm;ll in comparison

* c L M S *
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with a rotation oycle, where

Ta(L)=(L‘Bc'Os+6g) /0, and

where, L is a seek distance in uﬁits
of the number of cylinders;
Bo is a number of data blocks
existing in one oylinder:;
€8 is a skew in units of radians;
6g is 2 gap in units of
radians; and
® is a rotational spéed

{radian/sec) of the disk.

8. A method of ocontrolling access to a recording
disk as set forth in claim 1, wherein:
the_racording disk is divided into first
regions for use when the head moves from: the inner
circumference to the outer circumference and second

regions for use when the head moves from the outer

'ciroumferenoe to the inner cirocumference;

-the sfep of daﬁermining the position of the

data blbok on the recording diskldaternines the

position of the data block on the recording disk based

on an optimum skew and a gab 1n.tha rﬁspective regions
based on the direction of movement of the head; and

the step of scheduling selectively accesses

*= € L M § % '
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only the first and second regions in accordance with

the direction of movement of the head.

9. A method of controlling access to a recording
disk as set forth in claim 8, wherein
the first regions and the second regions on
the recording disk dividé the disk into.a plurality of at
least two pbrtions along the radial direction and both
of the first regions and second regions are allocated
80 as to be dispez-ed from the innermost circumference

to the outermost circumference on the disk.

10. An apparatus for céntrolling access to a
recording disk, comprising:

_ a skew determining means foxr determining a
skew 80 that a rotational delay time at the avﬁrage
distance of movement when a head abeessaslthe recording
disk is minimized;

a data block arranging means for
determining the position of a data block on the
recording disk based on at least tha.dste#ninad skew; and
a scheduling means tor scheduling an order
of a plurality of inpnt disk access requosts BO that the
amount of movement of the haad becomes small at the

time of acoess of the reoo:ding diak by the head, and

TR0 ) P
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wherein
the head accesses the recording disk based

on the results of the scheduling.

5 | 11. An apparatus for controlling access to a
recording disk as set forth in claim 10, wherein
the data block airanging means datermines the
position of the data block bﬁsed upon, in addition to the
skew, a gap indicating the angular difference between a

10 start and an end of the same data blook.

12. An apparatus for controlling access to a
recording disk as set forth in claim 11, wherein the data
block arranging n@ans déteruines combination data

15 regarding each combination of the skew and the gap for
a plurality of data blocks and selectively uses the
combination data in accordance with the position of

each data block on the recorxding disk.

20 13. . 'An apparatus for controlling access to a.
reoordiﬁg disk as set forth in olaim 10, wherein'the
data'bloci azrtnging'méans changes the size of fhe data
‘block so that the gap is constant over the entire | |
region from the outside to the inside of the recording

25 dlisk.

R )R :
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14. An apﬁaratus for cogtrolling access to a
recording disk as set forth in claim 10, wherein the
skew determining means determines the skew in
accordance with a change of a gap of the data block

5 based on a Aifference of the radius of the recording

track.

15. An apparatus for controlling access to a
recording disk as set forth in claim 10, wherein:

10 the scheduling means changes the order of a
plurality of requests for disk acceas go that they are
arranged in an order starting from ona-nearust to the
head when the head is moved from the current position
toward one of an inner circumference and outer

15 circumference of the recording disk: and |

the data block arranging means determines the
position of the data block on the recording disk based
upén, in addition to the skew, i gap indicating an
angular difference between a start and an end of the

éo . same data block, such that a difference between a delay

| time TA(L) given and a seek tine-fs(n) near an average.
seak distance La given by the following Equatioq {(2)
becomes sutfioientiy small in comparison w;tb the
. rotation cyoie. ihare, .

25 | TA(L)=(L:Bo:Oa+Og+2mir) /0 (1)

* [ L M s *
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LasLt/(N-1) (2)
where, L LQ 2 seek distance in units
of thé number of cylinders;
Bc is a number of data blocks
5 existing in one cylinder:
O8 is a skew in units of
radians;
Og is a gap in units of
radiank;
10 ) @ is a rotational ape;d
(radian/sec) of the disk;
Lt is the maximum value of the
distance between access
positions of the'tub ends when
15 N arranging the aocess requests in
order in units of' the number of
cylinders; |
N is the number of accesses fo be
simnithneously processed;
20 - " ana
| | lm is ﬁéleotgd 80 as to become
tﬁe smallest within a range
'uhera.rd(n) exceeds the seek
time Ts(L) at.the seek distance

25 - . . L.

—_—
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16. An apparatus for control]_.:l.ng access to a
recording disk as set forth in claim 10, wherein:
the scheduling means changes the order of a
plurality of requests for disk access so that they ure.

arranged in the order of appsarance when the head is

moved from the current position toward one of an inner

circumference and an outer circumference of ti:e recording
disk and
the data block arranging means determines the
position of the data block on the recording disk based
upon, in addition to the skew, a gap such that a delay
time Td(L) g:l.ien by the following Equation is always
longer than the seek time Ts(L) and the difference
between the delay time TA(L) and the seek time Ts(L)
becomes sufficiently small in comparison with the
rotation cycle, where,
Td(L)-(L-Bc-Gs-o-Bg)/co, and
where, I. is a seek distance in units
| of the number of cylinderl-
.80 is a nunber of data blooks
existing :l.n one oylinder.
©s is a skew in units of radians;
8g .:La a gai: in units o.f,-. |
rad.:l.ans. and : o “

(A :l.s a rotational speed

£ ¢ L M s %
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(radian/sec) of the disk;

17. An apparatus for dontrolling access to'a
' recording disk as set forth in claim 10, wherein:

5 _ the recording disk is divided into first
regions for use when the head moves from the inner
circumference to thé outer oi:cunferencé and second
regions for use when the head moves from the outer
circumference to the inner circumference; =

10 | the data block arranging means determines the
position of the data block on the recording disk based
on an optimum skew and upon a gap in the respective
regions based on the direction of movement of the head:
and

15 - thé scheduling means selectively accesses
only the £irst and seocond regiong in accordance with the

direction of movement of the head.

18. An apparatus for controlling aocéaa_fo a
20 recoidihg disk as set foﬁth in cliim'IT. wherein. |
fhe first regions and the'second regiohs on'
the'réoordin§'diak'dtvide the disk into a plurality of at
least two portions aiong the radial direction and both
of the £irst regions and second regions are_allodhtéd '
25 §0 as to be dispersed from the innermost circumference

—_—
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to the outermost cirocumference on the disk.

19. A method for controlling access to a disk,
comprising the steps of:. |
determining a position of a data block on the

disk to minimize a rotational delay time at an average
distance of movement each time the disk is accessed by
a he;d:

| scheduling an order of a plurality of disk
access requests to minimize an amount of noviient of
the head when the disk is accessed by tﬁe head; and

| acoessing the disk by tha_haﬁd based on the

regult of the scheduling.

zo; A method as set forth in claim 19, wherein
said step of determining a position further comprises the
steps of:

| datermiqing_a skew so that the rogational
delay time at the average distance oflmnvaﬁont |
minimizes at the time of accﬁls_ét thé disk by fha
head; and l. |

determining the position of the data block

on the dili based on at least the determined skew,

wherein said skew indicates an angular difference in a

circumferential direction between the start of

A
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adjoining blocks.

21. A method as set forth in claim 20, wherein
said step of détermining determines the position of the
data block on the disk based upon, in addition to the
skew, a gap, said gap indicating an angulai differonée

between a start and an end in the same data block.

22. An apparatus for controlling access to a
disk, comprising of:
means for determining a position of a data
block on the disk to minimize a rotational delay time

at an average distance of movement each time the disk

. is accessed by a head;

means f£or scheduling an order of a _
plurality of disk access requests to minimize an amount
of movement of the head when the disk is accessed by
the head; and’ o
' means for accessing the disk by tbe head

based on the result of the scheduling.

23. A apparatus as set forth in claim 22, wherein

‘sald means for deteéermining a position further comprisges:

means for determining a skew so that the

rotational delay time at the average distance of

—_—
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novanent minimizes at the time of access of the disk by
the head; and '

means for determining the position of the
data block on the disk based on at least the determined
skew, wherein said skew indicates an angular difference
in = eirgugferQﬂf{a1 Airantion between the start of

adjoining blocks.

24.  An apparatus as set forth in claim 23,
wherein said means for determining dete:min;é the
position of the data block on the disk based upon, in
addition to the skew, a gap, said gap indicating an
angular difference betuaen'a_start and an end in the

same data blook.

25.. An apparatus for controlling access to a
recording disk, comprising: _ _

a skew determining means for determining a '
skew so that a rotational delay time at the average
distance of movement when a head accesses the recording
diik is minimized;

a block allocator for determining the

position of a data block on the recording disk ‘based on

at least the determined skew; and

a scheduler for scheduling an order of a
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plurality of input disk access requests so that the
amount of movement of the head beacomes small at the

time of access of the recording disk by the head, and

whersain

the head accesses the recording disk basead

on the results of the scheduling.

26. An apparatus for controlling access to a
recording disk as set forth in claim 25, wherein
the block allocator determines the position
of the data block based upon, in addition to the skew,
a gap indicating the angular difference between a start

and an end of the same data bloock.

27. An apparatus for controliing acoess to a
recording disk as set forth in claim 26, wherein the
block allocator determines combination data regarding
each combination of the skew and the gap for a
plurality of data blooks and selectively uses the
oonbination data in aocordanoe with the position of

aaoh dnta block on the reading disk.

28. An apparatus ‘for controlling access to a
reconding disk as set forth 1n claim 25, uharein tne

block allocator changes the size of the data block 80

D R Y
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‘that the gap is constant over the entire region from

the outside to the inside of the recording disk.

29. An apparatus for controlling adcsss to a
recording disk as set forth in claim 25, wherein the
skew determining means dete:hinas the skew in |
accordance with a change of a gap of the data block
based on a difference of thé radius of the recording

track.

30. An apparatus for controlling access to a

recording disk as set forth in claim 25, wherein:

the scheduler changes the order of a
plurality of requests for disk access so that they.are
arranged in an order starting from one nearest to the
head nhbn the head is moved from the current position
toward one of an inner cirocumference and ocuter
cirouﬁterence of the recording disk; and

the block allooator ditezmings the position
of the data block on the recording diqk based upbn. iﬁ
addifion to the skew, a gap indicating an angular

daifference betwaen a start and an end of the same data

block; such that a difference between a delay time .

Td(L) given and a seek time Ts(L) near an average seek

.distance La given by the following gguation (2) becomgs

* [4 L M s *
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sufficiently small in comparison with the rotation
cycle, where,

Td(L)=(L*Bc*Os+Og+2mmn) /o (1)

| La=Lt/(N-1) (2)

5 where, L is & seek distance in units of the
nnﬁber of oylinders;
Bo 1§ a number of data blocks
existing in one ocylinder;
68 is a skew in units of radians;
10 Og iz a gap in units of radians;
® i8 a rotational speed (xradian/sec) of
the aisk; |
- Lt is the maxiﬁum value of the
distance between access positioﬁs of
15 _ ; the two ends when arranging the
access requests in order in units of
the number of cyiindersz
"N is the number of access to be
.simultaneously proaegsed: and s
20 ' m is selected so as to become the
smailesf iifhin a range where Td4(L)
exceeds the seek tine Ts(L) at the

seek distance L.

25 31. An apparatus for controlling access to a -
. .. \

ll!l!l[l Y AR
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recording disk ai set forth in claim 25, wherein:

the scheduler changes the order of a

plurality 6! requests for disk access so that they are

arranged in the order of appearance when the head is

moved from the current position toward one of an inner

gircumference and an outer circumference of the

recording disk and

the block allocator determines the position

of the data block on the recording disk based upbn. in

addition to the skew, a gﬁp such that a daliy time

Td(L) given by the following Equation is always longer

than the seek time Ts(lL) and the difference between the

delay tinelrd(n) and the seek time Ts(L) becomes

sufficiently small in comparison with the rotation

cycle, where

'.l.'d(I.)-(I.-Bdoes-reg) /6, and

where,

L is a seek distance in units of

the number of oylinders;

Bo is a number of data blocks

existing in one oylinder;

- Os is a skew in units of radians;.

©g is a gap in units of
radiané; and
© is a rotational speesd

(radian/sec) of the disk;
—_—
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32. An apparatus for controlling access to a
recording disk as set forth in dlaim 25, uhérein:
the recordipg disk is divided into first
regions for use when the head moves from the inner
circumference to the outer circumference and second
regions for use when the head moves from the outer
circumference to the inner circumference:

' the block allocator determines the position
of the data block on the recording disk based on an
optimum skew and upon a gap in the respecti;e regions
based on the direction of movement of the héad: and

| th§ scheduiar selectively acocesses only the
first and second regions in accordance with the

direction of_uovahent of the head.

33. An apparatus for controlling access to a
recording disk as set forth in claim 32, wherein

the first regions and the second regions on

_the recording disk divide. the disk into a plurality of at

least two portions along the radial direction and both
of the first regions and second regions are allocated .
80 as to be dispersed from the innermost oircumfergnoe_

to the outermost circumference on the_didk.

—_— T
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