FILE SYSTEM

BACKGROUND OF THE INVENTION
. Field of the Invention .

" The present invention relates to a file system, and more specifically, it relates
to a file system handling reading/writing of multimedia data such as pictures,

sounds and animation requiring real-time properfies.

Des-cription. of the Backgrqund Art

A ﬂle.system employed in a conventional computer has mainly handled text
data. Aéoording tb "Design of UNIX Kernel" (written by Maurice J. Bachltrénslated
by Fumi Sakamoto, Yoshikatsu Tada and Jun Muréi; Kyoritsu Shﬁppah Kabushiki
Kaisha), for example, a file is opened with an oben system call for reading or
writing the. content of the file with a system call such as read or write in case of
reading or writing data from or in the file in the UNIX file system.

Such file systems include video servers ha:ndling digitized video data, for
- éxample. Such video servers ihclude that .having a structure of connecting a
plurali_ty of storage uhits storing video data with each other by ah exchange unit,
as described in Japanese Patent Layirig-Opén gazette No. 07-1 07425 titled "Video
server”. A video regener_atjon procedur"e in such a video server is described in
ISO/NIEC Stahdard 13818-6. (Co'mfn_ittee Draft). According to this Committee Draft,
the video server completes .pre'paration for continuous regeneration of pictures
wh_en a user transmits "Directory Open" to the video server, while the video server

starts transmission of video data to the user when the user transmits "DSM Stream
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Play" or "DSM Pause Resume". In order to stop supply of the video data, the user

transmits "DSM Stream Pause" to the yideb server.

in the conventional file system su_ch as UNIX, however, the waiting time for
reading is increased on the user sidé wheh a number of accesses are
simul{aneously made by users. The waiting_time for a user issuing a read
command for completely receiving data is uhpredictable due to influence exerted
by the situation of accesses from other users. Particularly in the file system such
as the video server managing data such. as bictures and éounds requiring temporal
continuity so -that each user reads é- part of the data every constant time for
regénerating the data in his terminal, it is nécessary to reliably acquire the data
within the constant time, while thé converitional file System canﬁot cope with this.
In relation to the data such as video data requiring temporal continuity, therefore,
the user must previously acquire long data for regenerating picturés after acquiring
all data. In thié case, the user must hold a mass s_toragé unft which can store long

data, and a long waiting time is required for starting regeneration of pictures.

SUMMARY OF THE INVENTION |
| Therefore, an object of the present invention is to provide a file- system which

can pro_\-lide data to a request from a user in-a quick résponse time, and support
users requiring various regeneration speeds. |

.The present invention has the following .chéra&eristin_::s to attaih the above
object.

The first aspect is a file system for reading or writing data from or in a storage
unit for storing data in response to a requést from an exterior, whicﬁ compfises:

a resource management part for managing the maximum value of read or write
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handling capécity énd a used quantity of the handljng capacity, and

the resource management part is adapted: |

to' receive a get resource message previously requiring assurance of a
neéeséaw band in éé‘se of r'eéding or writing the data; |

o deten-nine whether or rot the band required by the get resource message
can be: ensured on a basis of the maximum value and the used quantity of the
handling .cépacity when the get resource messagé is received; and

.- to update and store the used quantity if the required band can be ensured as
a result of the determination.

According to the first aspect, as hereinabove described, the band in the file
system is ensured when the get resource message is received, whereby it is
possible to guarémtee l'delay quality as to reading or writing of files. Further, it is
pdssible to efficiently utilizes resources in the file system without ensuring a
useless band, by implementing reading or writing of a plurality of files through the
ensured band.

Thé second aspect is characterized in that, in the ﬁrsf aspect,

. information indicating a necessary band width is given to the get resource
message as a parameter. |

The third aspect is characterizea in that, in the second aspect,

| the infdrmation,' Which is the parameter of the get resource message,
indicating the necessary band width represents an interval for feadihg Mwriting ‘a
data block héving a fixed length fromlin'the storagé unit.

The fourth aspect is characterized in that, in the first aspect,

the band width which is ensuréd in accordance with the request by the get

resource message is previously stored in the resource management part.
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The fifth aspect is characterized in that, in the fourth aspect,

information for identifying whether the get resource message is for reading or
writiné is given to the get resource message, and |

thé resource management part stores two types of band quantities for reading
and writing as band quantities which are ensured in accordance with the request
by the get reéource mes'sége. |

The sixth aspect is characterized in that, ‘in the first aspect,

a first délay time from a request for reading data ub to start of transmission
of the data is given to the get resource méssage.as a parameter, and

the resource management is adapted:

to previously store a minimum value of a delay time which- is warrantable by
the file system;

to compare the first delay time with the minimum value when the get resource
message is recéived; and |

to ensure no band if the first delay time is shorter than the minimum value as
a' result of the comparison.

The seventh aSpeci is characterized in that,

the sixth aspect further compriseé a declared value ma,nagemeht part for
‘checking a parameter whicﬁ is given to a message arriving from the exterior, and

the.declared value management part is adapted:

to receive a read block message which is provided with a second delay time
up to start of transmission-of read data as the parameter in case of performing data
reading; |

to compare the second delay time with the first delay time when the read

block message is received; and
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to decide transmission of a violation notice to a transmitter of the read block

message when the second delay time is determined to be shorter as a result of the
comparison. |

The eighth aspect is characterized in that;

the first aspect further comprises a declared vélue management part for
checking a paf.’ameter which is given to a message arriving from the exterior, and

the decléred value management part is adapted: | |

to store a minimum vélue of a delay time which is warrantable by the file
system;

to receive a read block message which is provided with a jsecond delay time
up to start of transmission of read data as the parameter in case of performing data
reading; | | |

to compare the second delay time with the minimum time when the read block -
message is received; and

fo decide transmission of a violation notice to a transmitter of the read block
message when the second delay time is determined to be shorter as a result of the
cbmparison. |

The ni'nth aspect is characterized in that, in the first aspect,

the get resource message is provided .with' a delay time up to start of
transmission of data from a read request as a parameter, and

 the résource fnanagement part is adapted: .

to.calculaté a band width which is necessary for_-éatisfyi_ng the delay time
when the get resource message is received; and |

to comparé the band width which is obtained as a result'_of the calculation with

the band width to be ensured in accordance with the request by the get resource
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message, for determining whether or not the larger band width can be ensured.

. According to the ninth aspect, as hereinabove described, a determination is
made as to whether or not the larger band can be ensured. in the band satisfying
the delay time declared by the get resource message and the band to be ensured
in accordance with the request by the get resource message to allocate the bahd,
whereby a plurality of delay qualities can be supported.

The tenth aspect is characterized in that, |

the first aspect lerther comprises a declared valﬁe management part for
checking a parametér which is given to a get resource message arriving from the
exterior, and

the declared value management part is adapted in data Writing:

to .m'onitor.a speed of data arrival;

to'compare the speed of dafa arrival 6btained as a result of the monitoring
‘with a band width which is ensured when the get resource message is accepted,;
and _

not to perform data writing but to make a violation notice to a transmitter of -
the get resource message when the speed of data arrival is determined to be larger
as a resuit of the compérison. |

'fhe eleventh aspect is characterized in that,

the first aspect further comprises a. declared value management part for
.checking a parameter which' is giveﬁ to a message arriving frdm the exterior, and

the declared value management part is adapted:

to receive a reéd block message which provided with a read data quantity per
unit time as the parameter in data reading;

to calculate a data read speed from the data quantity per unit time when the



-7-
read block message is received;

to compare the data read spéed obtained by the calculatioﬁ and the band
width ensured when the get résource message is ac_:cepted; and

to stop the-data reading and decide transmission of a violation notice to a
transmitter of the read block message if the data read speed is larger as é resuit
of the comparison. |
| The twelfth aépect is characterized in that, ih the first aspect,

each of the maximum value and the used quantity of the handling capacity is
a read data quantity per unit time.

The thirteenth aspect is characterized in that, in the twelfth aspect,

a flag distinguishing reading and writing frbm each other and information
- indicating the riecess_ary band width are given to the get resource me.ssage' as
parameters, and |

the resource management part refers to the flag when the get resource
rhessage is received to regard a band width which is decided by the parameters
given to the get resource message as the band width to be e_nsured in case of
reading_, while regarding a value obtained by muitiplying the band width which is
décided by the parameteis given fo the get resource message by a constant value
as the band_' width to be ensured in case of writing.

The fourteenth asbect is characte_rized in that, in the first aspect,‘

each of the maximum value and the used quantity of the handling capacity is
a write data quantity per unit time.

The fifteenth aspect is characterized in that, in the fourteenth aspect,

a flag distinguishing reading and writing from each other and information

indicating the necessary band width are given to the get resource message ds
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parameters, and -

the resource management part refers to the flag when the get resource
message is received to regard a band width which is decided by the parameters
given to the get resource message as the band width to be ensured in case of
writing, while regarding a value obtained by multiplying-the band width which is
decnded by the parameters given to the get resource message by a constant vaiue
as the band wndth to be ensured in case of reading. |

According to the thirteenth or fifteenth aspect, as Hereinabove described, a
band obtained by hultiplying the required band by a constént value is regarded as
the band to be ensured in data writing or data reading, whereby it is not neceséary
to previously divide the handling capacity of the file system into handling capacities |
for writing and reading, the ratios can .be readily changed in response to requests
from users, and resources can be efficiently used.

The sixteenth aspect is a file system comprising a plurality of block storage
units storing data, a single or a plurality of I/O units controlling data writing or data
reading in response to a request 'frém a user, and an exchange uﬁit connecting
each block storage unit with each, IIO' unit, in which each of the /O unit divides the
magnitude of the data required by the user into blocks having fixed lengths and
transmitting a block réad_ request to the blpck storage unit every block for reading
the blocks, and -

each /O unit is'adépted:

to set an MS arrival slot dividing time every constant time so that a constant
number of block read réquests 6an be registered in the MS arrival slot;

to allocate the MS arrival slot to the block read request in case of transmitting

the block read request;
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to calculate a time for allowing input from each block storage unit to the

exchange unit on the basis of a time corresponding to the allocated MS arrival slot;
and '

to give a difference time between the calculated time and a current time to the
block read request as a delay limit valug and transmit the same to the block
storage unit,

whereby ihput of the block whi_ch is read from the block storage unit in
, responée to the block réad request ?n the exchange unit is allowed -after a time of
the delay limit value from arrival of the block read request at the block storage unit.

According to the sixteenth aspect, as hereinabove described, the MS arrival
slot is allocated to the block read request, whereby the number of blocks inputted
from the biock storage units in the exchange- unit can be temporally smoothed.
Consequently, it is possible to avoid the blocks read f}'om the plurality of block
storage units and inputted in the exchange unit from colliding with each other on
the input side into the YO unit and being -discarded in the interior of the exchange
- unit. Further, fluctuation caused by traffic times of th(_e blocks can be reduced,
whereby it is poséible to efficiently utilize the exchange unit.

The seventeenth aspect is characterized in that,

the sixteenth aspect comprises a plurality of server units which are provided
with the /O units-and the block storage units in the interiors thereof.

The eighteenth aspect is chara_cterizéd in that, in the sixteenth aspect,

each VO unit allocates no MS arrival slot to a block read request which is not
inputted in the exchange unit among the block read fequests.

The nineteenth aspect is characterized in that, |

the sixteenth aspect further comprises a resource management part managing
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a maximum value of read or write handling capacity and a used quantity of the

handling capacity,

the resource management part is adapted:

to receive a get resource message previouely requiring ..assurance of a
necessary band in case_of performing data reading or data writing;

to determine whether or not the band which is required by the get' source
message can be ensured on the basis of the maximum value and the used quantity
of the handling capacity when the get resource message is r.ec_eived; and |

to update and store the used quantity if the required band can be ensured as
a result of the determination, and

~ each /O unit is adapted:

to set an issuance interval for the block read requests which are necessary
for reading data of the ensured band at T_min for deciding an expected. slot of the
MS arrival slot at the interval T_min when a band necessary for reading a file is
ensured;

to reserve the exp'e_cted slot if a free spaee is present in the decided expected
slot; |

to successively refer to an MS arrival slot of a next time for reserving an MS
~ arrival slot having a free space if the decided expected slot has no fée space; and

to allocate the block read request to the reserved MS arrival slot in case of
data reading. |

.Accbrding to the nineteenth. aspec_t, as hereinabove described, the band in the
file syetem is ensured when the get resource message ie received, whereby delay
quality can be guaranteed as to reading or writing of files. Reading or writing of

a plurality of files is implemented through the ensured band, whereby resources in
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the file system can be effectively ﬁtiliz'ed with no necessity for ensuring useless
bands.

The twentieth aspect is characterized in that, in the nineteenth aspect,

each /O unit reserves the MS arrival slots in order from the MS arrival slot
having a larger ensured band-to the MS arrival slot having a smaller ensured band.

According to the twentieth aspeqt, as hereinabove described, MS arrival slot
reservétion is made in the order frorﬁ that having a larger ensured band to that
having a smaller one, whereby it is possible to utilize the slot by 160 % by making
the maximum registration number lbf each slot constant while guaranteeing _delay
gualities of.all bands. At this time, time fluctuation of a request transmission -
number is eliminated and it is possible to most efficiently utilize the exchange unit.

The twenty-first aspect is characterized in that, in the nineteenth aspect, -

each of the /O unit makes the MS arrival slot reservation in the order from the
MS arrival slot whose next expected slot arrives with earlier timing.

The twenty-second aspect is characterized in that, in the nineteenth aspect,

each of the ![O unﬁ regards a reserved MS arriv_al slot as an unallocated MS
arrival slot as a result of the allocation of the MS arrival siot if an MS arrival slot
which is reserved at a time before the time corresponding to the allocated MS" |
arrival slot for the same user is present, and allbcates the unallocated MS arrival
élot to a data read request from a user acquiring no resource.

The tWenty-_ihird aspect is characterized in that, in the ninetee'nth aspect,

each IIQ unit performs thé reservation of MS arrival slots wifh respect to all
users whose get resource messaiges are accepted, for allocating- unreserved MS
arrival slots to data read requests from users acquiring no resources.

According to the twenty-second or twenty-third aspect, as hereinabove
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described, unused MS arrival slots are allocated to reading of data from users

acquiring no resources, whereby the use efficiency of the file system can be further
improved.

The twenty-fourth aspect is characterized in that,

the first aspect further comprises: |

-a singlé_ or é piurality of block storage units étoring data;

a single or é plurality of /O units 'c.ontroll-ing data writiﬁg or data reading in
~ response to a request from a usér; and o

an. exchange unit for connecting each block storage unit. with each IfO unit,
and |

each 1/O- unit is adapted: |

to divide the magnitude of data which is required. to be written by the user into
blocks having fixed lengths and transmit a block read request to each block storage
unit evéry block thereby reading thé blocks; and o

to set a write slot which is divided every constant time in correspondence to
each block storage unit for allocating the Write slot to a block write requést in case
of transmitting the block write re-quest. |

According to the twenty-fourth' éspect,_ as hereinabove described, the MS
arrival slot is aI_Iocated to the block read request, whereby the number of blocks
inputted from the block storage units in the exchange unit can be terﬁporally
smoothed. Consequently, it is possible to avoid the blocks read from the p-IuraIity
of block storage units and inputted in the exchange unit from colliding with each
other on the input side to the I/O unit and being discarded in the inferior of the
exchange unit. Further, fluctuation caused by traffic times of the blocks can be

reduced, whereby it is possible to efficiently utilize the exchange unit.
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The twenty-fifth aspect is a method of dispersing/arranging file data in

respective storage units in a file system inputting/outputting the file data in/from a
plurality of storage units, and: characterized in that:
ratios for .arranging the file data are decided in proportién to bandsIWhich are

provided in respective storage units for dispersing and storing the file data in the

+ respective storage units in accordance with the decided ratios.

Ac_:cording to the twenty-fifth aspect, as hereinébove described, the r_atios for .
arranging the. file data are decided in prdportion t_b the bands provided in the
respective .storage units so that the file data are dispersed and stored in the
respective storage units in accordance with the decided ratios, whereby it is
possible to prevent such a'situation that the ability of a storage unit having high
performance (data.read/write speed) cannot be sufficiently brought out due to a
bottleneck of a storage dﬁit having low performance.

The twenty-sixth aspect is a method of dispersing/arranging file data in
respective storage units in a file system inputtihgloutputting the file data inffrom a
plurality of storage units, which is characterized in that:

ratios for afranging the file data which are decided in proportion to stofage
capacities provided in the respective storage units for dispersing and storing the
file data in the respective storage units in accordance with the decided ratios.

Acoording to the twenty-sixth aspect, as hereinabove described, the ratios for
' arraﬁging the file data are decided in proportion to the storage capacities provided
in the respective storage units so that fhe’ file data are dispersed and stored in the
respéctive storage ﬁnits in accordance with the decided ratios, whereby it is
possible to prevent such a situation that the ability of a storage unit having high

- performance (data read/write speed) cannot be sufficiently brought out due to a
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bottleneck of a storage unit having low performance.

The twenty-seventh aspect is a method of dispersing/arranging file data in
respective storage units in a file system inputting/outputting the file data inffrom a
plurality of storage Units; which is characterized in that:
ratios for arranging the file data which are decided in proportion to bands and
storége capacities provided in the respectiVe storage units for dispersing and
storing the file data in the re_spective storage units in accordance with thg decided
ratios. ' |
According to the twenty-seventh aspect, as hereinabove described, thé ratios
for aranging the file data are decided in proportion to the bands and the storage
capacities prdvided in the respéctive storage units so that the file data are
di_speréed and stored in the respective storage units in accordance with the decided
ratios, whereby it is possible to prevent such a situation that the ability of a storage
-ﬁnit héving high performance (data read/write speed) cannot.be sufficiently _prought
out due to a bottleneck of a storage unit having low performance.” |
The twenty-eighth aspect is an inpuﬂoutput band management unit for |
'managing input/output bands of file data with respect to respect_i\}e storage units
in a file system inputting/outpu_tting the file data inffrom a plurality of storage units,
- which comprises: | |

a band management part for managing bands provided in the respective
storage units;

a capacity management part for mahaging stoi'age- @pacities provided in the
respective storage units;

a distribution ratio decision part for deciding ratios for distributing the file data

in the respective storage units in accordance with a previously defined algorithm;
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a band calculation pért for deciding a band in case of integrating all storage

units on the basis of management information held by the band management part
and the ratios of distribution decided in the distribution rétio decision part;

o a capacity calculation part for .deciding a storage capacity in case of
integrating all storage units on the basis of management information held by the
capacity management part and the ratios of distribution decided in the distribution
ratio decision part; |

. a total band control part for controiling the input/output bands of all storage

units on the basis of the value calculated in the band calculation part; and

a total capacity control part for controlling the storage capacities of all storage
units on the basis of the value éalculated in the capacity calculation part.

According to the twenty-eighth aspect, as hereinabové described, the plurality
.of stdrage units are integrated for ménaging the inputfoutput band and the storage
capacity, whereby management of the input/output band is simplified in case of
combining storage units having different bands and different storage capacities with
each other and using the same. |

The twenty-ninth aspect is characterized in that, in the twenty-eighth aspect,

the distribution ratio decision part decides ratios for arranging the file data in
proportion to the bands which are provided in the respective storage units.

The thirtieth aspect is charac_:teriZed- in that, in the 'twénty-eighth aspect,

the distribution ratio deciéion part decides ratios for anan'ging the file data in
probortion to the storage éapacities which are provided in the respective storage
units. | |

The thirty-first aspect is characterized in that, in the twenty-eighth aspect,

the distribution ratio decision part decides ratios for arranging the file 'data in
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proportion to the bands and the storage capacities which are provided in the

respective storage units. |

Aécording to the i\Nenty;riinm to thirty-ﬁrst aspects, as hereinabove described,
the ratios for distributing ;(he file data are decided in proportion to the bands and/or
the storage capacities provided in thé respective storage units, whéreby the use.
efficiency of the overall storage unité can be optimized.

The 'thirty-seo'ond éspect is ch_arécterized in that, in the twenty-ninth aspect,

the band qa’lculaﬁon 'part regafds a minimum value as the band in case of
integrating all storage units among valués obtained by multiplying the bands which
are provided in the respective storage units by inverse numbers of the distribution
ratios decided in the distribution ratio decision part. | .

The twenty-third éspéct is characterized in that, in the fwenty-eighfh aspect,

the capacity calculation part regards a minimum value as the storage capacity
in case of integrating all storage units among values which are obtained by
multiplying the storag“e :capacities provided in the respective storage Qnits by
inverse numbers of the distribution ratios decided in the distribution ratio decision
part. _

The thirty-fourth a_spéct is a file system for inputting/outputting file data inlfrorﬁ_ '
a plurality of storage uﬁits, which comprises:

a file attribute management part for defining as file attributes and managing
band characteristics; and |

a band acquisition paft for acquiring necessary bands in accordance with the
file band characteristics manaéed in the file attribute management part before
inputting/outputting the file data. |

According to the thirty-fourth aspect, as hereinabove described, the band



_ . - -17-
characteristics are newly defined as the file attributes and managed so that

input/output of the file data is controlled on the basis of the managed band
characteristics, whereby access control .responsive to the band characteristics of .
the respective files can be performed. B

The thirty-fifth aspect is characterized in that,

the thirty-fourth aspect employs layouf profile information describing
distribution ratios of the file data in the respective storage units as the band
characteristics of the file attributes. |

The thirty-sixth aépect is a_ﬁle system for inputting/outputting file data inffrom
a plurality of storage units, which comprises: |

a file open processing part for berforming file open processing;

a band acquisition part for performing acquisition of a band employed for
inputting/outputting the file data; and

a data input/output part for dividing the band acquired in-the band acquisition
part and individually allocating the same to a plurality of files which are opened by
the file open processing part thereby simultaneously inputtinglbutputting data of a
plurality of files. | | |

The thirty-seventh aspect is a file system for inputtingloutputting file data
inffrom a. plurality of storage units, which comprises:

a file open processing part for peﬂorhing file open prpcessing;

a band acquisition part for performing acquisition of a pénd employéd for
inputting/outputting the file data; and - |

a data input/output part for integratedly allocating a s.ingle' band acquired in
the-band acquisition part to a plurality of files which are opened by the file open

processing part, thereby alternately inputting/outputting data of a plurality of files
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through the same band.

According to the thirty-sixth or thirty-seventh_ aspect, as hereinabove
descn;ibed, the degree of freedom of bénds used for data input/output can be
improved by independently and arbitrarily combining file open and band acquisition.

The thirty-eighth aspect is a scheduling unit for scheduling service requesfs
so that a server cyclically provides services to a plurality of clients, which
comprises: | |

first queue for queuing service requesis from the blurality of clients; _

registration part for registering cycles for generating execution rights for the
plurality of clients; | ' |

execution right generation part for gener.a_ting. the eXécution rights' for
executing the service reques{s in relation to the cycles registered in the registration
part; and

execution instruc_:tion part for instructing the sérver to e>.<ecute service requests
from clients corresponding to the execution rights generated by the execution right
generation part among the service requests queued in the first queue part.

As hereinabove described, the first queue part queues the service requests
from the respective clients. The regiStration part registers: the cycles for genérating
execution rights for the. mspedive cIienté._ “The execution right generatiqn part
generates execution rights in relation to the cycles registered in the regfstra,tion
part. The execution instruction part instructs the server to execute the service
requests from the clients corfespon‘ding to the execution rights generated by the
execution right generation part among the service requests queued in the first
~ queue.

Thus, the service requests from the respective clients are queued while the



-19-
cycles for generating execution rights for the respective clients are registered so

that executibn rights are generated on the basis of the cycles. The server is
instructéd 'to execute those from the clients corresbonding to the generated
execution rights among the queued ‘service requests. Thus, the time from
transmission to execution of a service requeét from a certain client is not inﬂuenced
by situations of transmission of service requests from other clients, whereby it is
possible t6 prevent the time dp to execution of the transmitted service request from
| being indeﬁnite._
| The thirty-ninth aspect is characterized in that, in the thirty-eighth aspect,
the execution rith geheration part is started in a. prescribed cycle for
determining WHether or not the execution rights are generated eVery client on the
basis of the cycles for genérating the-execﬁtfon rights which are régistered in the
r,eg'istration part and the cycle for starting the same at the time of starting while
collectively genefating'the execution rights for the clients who deterrhined to
generate the execution rights.

According to the tﬁirty-nintﬁ aspect, as hereinabove described, the execution
right generation part is started. in the prescribed cycle and perfbrms the operation
of generéting- éxecution rights. At this time, the execution right generation part |
determines whether or not execution rights are generated for the reépect,ive clients
on the basis of the cycles for generating execution rights and the cycle for starting
thé same, for collectively generating'the execution ﬁghts for thé clients determined
to be generated. Thus, the processing opération of the execution right generation .
part can be réduced as compared wnth an operation of generating execution rights
in the cycles for generating execution rights registered in the registration pért.

The fortieth aspect is characterized in that, in the thirty-ninth' aspect,
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the execution right generation part calculates a time from a current started

time up to a time for generating the next execution right on the basis of the cycleé
for generating the execution rights which are registered in the registration pérl and
th'e. cycle for starting the same and determines whether or not the execution rights
are génerated by comparing the time obtained by the_caléulation with the cycle for
starting the same.

Thus, it is po_;ssible to determine whether or nof execution rights for the
respective clients are generated.

The forty-first aspect is characterizéd in that_, in the fortieth aspect,

the execution right generation part generates an execution right for a. client
having a time Tofs between a cﬁrrent started time to a time for generating the next
execution right which is less than é cycle Tsit for starting the same (Tofs < Tslt)
and adds a 6ycle Treq for generaﬁng the execution right registered in the
registration part to the Tofs of the client, for célculating a new Tofs for next starting
by an expression Tofs = Tofs - Tslt with respect to the Tofs if the Tofs obtained by
the addition is greater than or equal to Tsit (Tofs > Tslt).

Accordihg to the forty-first aspect, as hereinabove de_scribed, the execution
right generation part generates the executi_on right for the client having the Tofs
which is less than the Tsit.. Further, thé part adds the Treq to this Tofs, for
calculating the new Tofs for next starting by the expression Tofs = Tofs - Tslt with
respect to the Tofs if the Tofs obtained by the addition is greater than or equal to
Tslt (Tofs > Tslf). Thus, it is pbséible to generate the execution right by
determining the client for whom the execution right must be generated.

- The -forty-second aspect is characterized in that, in the forty-first aspect,

the execution right generation part repeats an operation of further generating
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an execution right, adding t_he Treq to the Tofs and comparing the result with the
Tsit if the Tofs obtained by the addition is less than Tsit (Tofs < Tsit), and
calculates a new Tofs for next starting by an expression Tofs = Tofs - Tslt with
respect to the Tofs when the Tofs obtained by the addition is greater than or equal
to the Tsit (Tofs > Tslt). '

According to the forty-second aspect, as hereinabove described, the execution
right generation part repeats the ‘operation of further genefating the execution right,
adding the Treq to the Tofs_ and comparing the result with the Tsit if the Tofs
obtainéd by the addition is less than Tslt (Tofs < Tslt). Further, the part calculates .
the new Tofs for next starting by the expression Tofs = Tofs - Tsit with respect to
the Tofs when the Tofs obtained by the addition is greater than or equal to the Tslt
(Tofs > Tsit). Thus, it is possible to generate a necessary number of execution
rights by further determining a plurality of clients for WHom the execution rights
must be generated. _

The forty-third aspect is characterized in that, in the forty-first aépect,

the execution right generation part generates no execution right as to é client
having a time Tofs between é current started time and a time for generating the
next execution right which is greater thaﬁ or equal to the Tsit (Tofs > Tsilt) or a
service request which is not queued in the first queue , and calculates a new Tofs
for next starting through an expression Tofs = Tofs - Télt with respect to the Tofs.

According to the forty-third aspect, as hereinabové- described, the execution
right generation part generates no exeéution right as to the client having the Tofs
' Wthh is greater than or equai to the Tslit (Tofé > Tsit) or é serviée request which
is not queued in the first queue. Further, the part calculates the new Tofs for next

starting through the expression Tofs = Tofs - Tslt with respect to the Tofs. Thus,
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no execution right is generated for the client whose service request is not queued,

so that no service is provided to the .client transmitting no service request.

The forty-fourth aspect is characterized in that, in the forty-third aspect,

the execution right generation part zeroes the Tofs for next starting if ‘the new
Tofs obtained by the calculation is less than zero (Tofs < 0). |

Thus, it is possible to prevent such a phenomenon that the Tofs of the client
whose service request is not queued is reduced to a small value due to re;ﬁetitive
subtraction of the Tsit and a number of execution rights for this client are generated
when the service request is queued.

The forty-fifth aspect is characterized in that, ih the thirty-ninth aspect,

the execution instruction part is started in-.a prescribed cycle for selecting an -
execution right-for a client having'a shorter time between a current started time to
a time for generating the next execution right.

Thus, it is possible to further reducé the number of times of delay occurrence
by selecting the execution right of the client havihg a shorter time between the
current started time and the time for generating the next execution right.

The forty-sixth aspéct is characterized in that, in the forty-fifth aspect,

the execution right generation part calculates an e\)aluation index indicating
precedence as a function of the cycles for generating the execution rights which are
registered in the registration part and providing the same to the generated
execution rights, and

the execution instruction part sélec_ts an execution right to be preferentially
processed among those generated by the execution right generation part.

According to thé forty-sixth aspect, as hereinabove described, the execut_io_n

right generation part provides the evaluation index indicating the precedence
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calculated as the function of the cycles for generating the execution rights, and the

execution instruction part sélects ,thé execution right to be 'preferentially processed
on the basis of the provided evaluation index. Thus, when the execution rights
cdmpete with each other, that to be preferentialiy processed can be selected in
relation to the cycles for generating the execution rights.

The forty-seventh aspect is characterized in that, in the forty-sixth aspect,

the execution right generatipn part calculates'the evaluation ihdex Nsft by a
function Nsft = f(Treq/T: slt), where f(x) represents the miﬁimum integer exceeding
X, with respect to -.the cycles Treq for generating execution rights which are
registered in the registration part and the cycle Tslt. for starting the same; and

the execution instruction _p‘art selects an execution -righf having a smaller
evaluation fndex Nsft provided thereto.

Thus, when execution rights compete with each other, that having a.shorter
cycle for generating the execution right can be selected.

The forty-eighth aspect js characterized in that, in the fbrty;seventh aspect,

- the execution right generation part is started in a cycle which is shorter than

the Iongesf one of the cycles registéred in the registration part. |

Thus, execution rights for all clients are not provided with the same evaluatibn
indices.

The forty-ninth _aspeét is characterized in that,- in the forty-seventh aspect,

the execution right generation part is started in a cycle which is further shorter
than the shortest one of the cycles registered in the registration part.

Thus, more detailed evaluation indices are provided to the execution rfghts for
the respective clients. | |

The fiftieth aspect is characterized in that, in the forty-sixth aspect,
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the execution instruction part includes second queue for queuing the

execution rights which are generated by the execution right generation part every
provided evaluation index in order of generation, for selecting that having a smaller
provided evaluation index and being precedently generated among the execution
rights which are queued in the queue.

Thus, the execution instruction part can readily select that to be preferentiaily
processed among the generated execution rights, whereby the processing operaﬁon
of the execution instruction part can be reduced.

The fifty-first aspect is characterized in that, in the forty-sixth aspect,

the execution _instrﬁction part recognizes a maximum number of service
requests, execution of which is instructed in staﬁing, stops the instructions of
execution when the execution of the service requests- is instructed by a number
which is equal to the maximum number, and changes the evaluation indices of

. remaining execution rights t6 those having higher precedence.

Ac_cording to the fifty-first aspect, as hereinabove described, the execution
instruction part stops the execution instruction when the maximum number of-
execution instruction is performed, while changihg the evaluation indices for the
remaihing execution rig_hts to those having. higher precedence. Thus, it is possible
to ma_ke execution ir;st.ruction not performed beyond the maximum number, while
it is possible to prevent the remaini_ng execution rights from being not selected for

- along time. o

The fifty-second aspect is characterized in that, in the fifty-first aspect,

the maximum number of the service requesfs, execution of which is instructed
in starting, recognized by the execuﬁon instructidn part is a maximum nﬁmber of

the service requests which are executable by the server in a time equal to the cycle
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for starting the same.

Thus, it is possible to make execution instruction not performed beyond the
maximum number.

‘The fifty-third aspect is characterized in that, in the forty-seventh aspect,

the execution instruction part recognizes a maximum number of service
requests, execution of which is instructed in starting, stops instruction of execution
when execution of the service requests is instructed by a number which is equal
to the méximum number, and decrements th_e evaluation'indices of remaining
" execution rights.

According to the fifty-third aspect, as hereinabove described, the execution
instruction part stops the execution instruction when the mékimUm number of
execution instruction is performed, while decrementing the evaluation indices for
the remaining execution rights. Thus, it is- possible to make execution insfruction
not performed beyond the maxirum 'number, while the ev_éluation indices of the
remaining execution rights are decremented every Tslt, whereby it is possible to
make the execution rights .selected by after Treq + Tsit from generation at the
latest. o |

The fifty-fourth aspect is characterized in that, in the fifty-third aspect,

the maximum number of the service requests, execution of which is instructed
in starting, recognized by the exet_:ution instruction part is a maximum number of
the servicé requests which are executable by the server in a time equal to.the cycle
for starting the same. | _

Thus, it is possible. to make execution instruction not performed beyond the
maximum number. |

The fifty-fifth aspect is characterized in that,
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the fifty-first aspect further comprises registration instruction part for instructing -

‘the registration part to register the cycles for generating éxecution rights on the
basis of declarations from the plurality of clients. |

Thus, it is possible to make the cycles for generating execution rights
registered in the registration part at need. |

'fhe fifty-sixth aspect is characterized in that, in the fifty-fifth aspect,

the registration instruction part recognizes a maximum number of service
requests, execution of which is instrucfed By the execution instruction part per unit
time, for instfucting the registration part to register the cycles if the same
determines that an averége number of the generated execution righ'ts'per unit time
is not in excess of the maximum number even if further registration is made when
registration of a further cycle is declared in addition to already re_gistered cycles,
while making the cycle not registered if the same determines otherwise.

According to the fifty-sixth aspect, as hereinabove described, the registration
instruction part instructs the registration part to register the declared cycles only
when the same determines that the average numbér of the generated execution
rights per unit time is not in excess of the maximum number of the service requests,
execution of which is instructed by the execution instruction part per unit time, even
if the declared cyclé is further registered in addition to the élready registered
- cycles. Thus, it is possible to prevent the average number of the generated
execution rights per unit time from exceeding the maximuin number of the seNice
requests, execution of which is instructed by the execution instruction part per unit
time, in case of registering the new cycle. |

The fifty-seventh aspect is a scheduling unit for scheduling service reque_Sts

so that a plurality of servers cyclically provide services to a client respectively,
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which comprises:

first queue for queuing service requests to the plurality of sérvers;

registration partl for re_gistering cycles for generating execution rights for the
plurality of servers;

execution right genération part for generating the execution rights for
'ex_ething the service requests in relation to the cycles registered 'in the registration
part; and | '_
' execution instruction part for-instructing the serven;s to execute the service
requests_ to the servers corresponding tp the execution rights generated by the
execution right generation part émong the service requests queued in the first
gueue. |

As hereinabove described, the first queue queues the service requests to the
respective servers. The registration part registers the cycles for generatihg
execution rights for the respective servers. The executioh right generation' part
generates exepution rights in relation to the cycles registered in the execution
rights. The execution instruction part instructs the servers execute the Service
requests for the servers corresponding to the execution rights generated by the
execution right generation part arhqng the service requests queued in the first"
queue. |

Thus, the service requests for the respective servers are queued while the
cycles for generating execution rights for the respective servers are registered so
that the execution rights aé generated on the basis of the cycles. The servers are -
instructed to execute those of the queued service requests for the servers
corresponding to the generated execution rights. Thus, the time from transmission

to execution of a service request to a certain server is not influenced by situations
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of transmission of service requests to other servers, whereby it is possible to

prevent the time up to execuﬁon of the transmitted service request from being
indefinite. | |

The fifty-eighth aspect is characterized in that, in the fifty-seventh aspect_,

the execution right generation part is started in a prescribed cycle for
determinihg at the time of starting whether or not the executio.n rights are generated
for respective sen)ers on the basis of the cYcles for generating the execution rights
which: are registered in the registration part and the cycle for starting the same and
collectively generating the execution rights for the servers for which the execution
rights are determined to be generated. |

According to the fifty-eighth aspect, as hereinabove described, the execution
right generation part is started in the prescribed cycle, and performs the operation
of generating execution rights. At this time, the executién right generation part
determines whether or not the execution rights are generéted for the respective
servers on the basis of the cycles for generating execution rights and fhe cycle for
starting the samé, for collectively generating the execution rights for the servers
deteﬁnined t6 be generated. Thus, the processing operation of the execution right'
- generation hart can be reduced as compared with the case of generating execution
rights in the t_:yc[es for generating '_the execution rights registered in the registration
part.

The fifty-ninth aspect is characterized in that, in the fifty-eighth aspect,

the execution right generation part calculates a time from a current started
‘time up to a time for generating the next execution right on the baéis of the cycles
for generating execution rights which are registered in the registration part and the

cycle for starting the same and compares the time obtained by the calculation with
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the cycle for starting the same, thereby determining whether or not the execution

rights are geherated.
| Thus, it is possiblel to determine whether or not execution rights for the

respective servers are generated.

The sixtieth aspect is characterized in thét, in the fifty-eight aspect,

the execution right generation part generates én exeéuﬁon right for a server
having a time Tofs between a currént started time to a time for generating the next
execution right which is less than a cycle Tslt for startin.'g the same (Tofs < Tslt)
and adds a cycle Titv for generating the execution right régistered in the
registration part to the Tofs of the server, for calculating a new Tofs for next
starting by an expression Tofs = Tofs - Tslt with respect to the Tofs if the Tofs
which is obtained by the addition is greater than or equal to Tslt (Tofs > Tslt).

According to the sixtieth aspect, as hereinabove described, the execution right
-generation part generates the exeéution right for the server having the Tofs which
is less than the Tslt (Tofs < Tslt). Further, the part adds the Titv to the Tofs, for
calculating thé new Tofs for next starting by the expression Tofs = Tofs - Tslt with
respect to the Tofs if the Tofs which is obtained by the addition is greater than or
| equal to Tslt (T ofs > Tslt). Thus, it is possible to determine the server for which
the eicecution right is to be generated, for making the execution right generated.

The sixty-first aspect is characterized in that, in the sixtieth aspect,

the execution right generation part repeats an operation' of further geﬁerating
an execution right, adding the Titv to the Tofs and compaﬁng the result with the
Tslt if the Tofs obtained by the addition is less than Tsit (Tofs < Tslt), and
calculates a new Tofs for next starting by an expression Tofs = Tofs - Tslt with

respect to the Tofs when the Tofs obtained by the addition is greater than or equal
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to Tslt (Tofs > Tslt).

According to the sixty-first aspect, as hereinabove described, the execution
right generation part repeats the operation of further generating the executidn right,
adding the Titv to the Tofs and comparing the result with the Tslt if the Tofs
obtained by the addition is less than Tslt (Tofs < Tslt). Further, the part calculates
the new Tofs for next starting by the expression Tofs = Tofs - Tslt with respect to
the Tofs when the Tofs obtained by the addition is greater than or equal to T_slt
(Tofs = Tslt). Thus, it is possible to further determine a plurality of servers for
which execution rights are to be generated, for generating a necessary'number of
execution rights. |

The sixty-second aspect is c_:haraéterized in that, in the sixtieth aspect,

the e*_eciution right generation part generates no execution right as to a server
having a time Tofs between a current started time and a time for generating the
next execution right which is greater than or equal to the Tslt (Tofs > Tsit) or
having a service request which is not queued in the first queue and calculates a
new Tofs for next starting through an expression Tofs = Tofs - Tsit with respeét to
the Tofs. |

According to the sixty-second aspect, as hereinabove described, the execution
right gene_ration part generates no execution right as to the server having thé Tofs
which is greater than or equal to the Tslt (Tofs > Tslt) or the service request which
is not queued in the first queue, Further, the part calculates the new Tofs for next
startiﬁg through the expression Tofs = Tofs - Tslt with respect to the Tofs. Thus,
no execution right is generated for the server whose service request is not quued,
whereby it is possiﬁle to prevent the server receiving no service request from

~ providing a service.
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_ The sixty-third aspect is characterized in that, in the sixty-second aspect,

the execution right generation part zeroes the Tofs for next starting if the new
. Tofs obtained by the calculation is less than zero (Tofs'< 0).

Thus, it is possible to prevent such a phenomenon that the Tofs of the server
for whom no service request is queued is reduced to a small value due to repetitive
subtraction of the Tsit and a number of execution rights for this server are
generated wheh the service request i_s-queued.

The sixty-fourth aspect is characterized in that, ih ihe fifty-eighth aspect,

the execution instruction part is started in a prescribed cycle for selecting an
execution right of a server having a shorter time between a current started time to
a time for generating the next execution right. |

Thus, the number of tirhes of delay occurrence can be further reduced by
selecting the execution right of the server having the shorter time between the
current started time to the time for generating the next exécutipn right.

The sixty-fifth aspect is characterized in that, in the sixty-fourth aspect,

the execution right generation part calculates an evaluation index_ indicating
precedence as a function- of the 6ycles for génerating execution rights which are
registeréd in the registration part and pr.'ovid.ing the same to the generated
execution rights, and

the executfon instruction part selects an execution right to be preferentially
processed among those generated by the execﬁtion right generation part on the
basis of the provided evaluation index.

Acco.rding to the sixty-fifth aspect, as hereinabove described, the execution
right generation part provides the evaluation index indicating the precedence

calculated as the functions of the cycles for generating the execution rights, and
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the execution instruction part selects the execution right to be preferentially

processed on the basis of the provided evaluation index. - Thus, when execution
rights compete with each other, that to .be further preferentially processed in
relation to the cycles for generating the execution rights can be selected.

The sixty-sixth aspect is characterized in that, in the sixty-fifth aspect,

the execution right generation part calculates an evaluation index Nsft by a
function stt = f(Titv/Tslt), where f(x) represents a minim'um integer exceeding x,
with respect to the cycles Titv for generating execution rights which are registered
in the registration part and the cycle Tslt for starting the same, and

the exeéution instruction part selects ah execution right having a smaller
evaluation index Nsft which is provided thereto.

Thus, when execution rights compete with each other, that having a shorter
dycle for generating th_e execution right can be selected.

The sixty-seventh aspect is characterized in that, in the sixty-sixth aspect,

the execution right generation part is started in a cycle which is shorter than
the longest one of the cycles registered in the registration part.

Thus, execution rights for all clients are not provided with the same evaluation
indices. | |

The sixty-eighth aspect is characterized in that, in the sixty-sixth aspect,

the execution right generation part is started in a cycle which is further shorter
than the shortest one of the cycles registered in the registration part.

Thus, more detaiied— evaluation indices are provided to the execution rights for
the réspedtive servers. |

The sixty-ninth aspect is characterized in that, in the sixty-fifth aspect,

the. execution instruction part includes second queue part for queuing the
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execution rights which are generated by the execution right generation part every

provided evaluation index in order of generation, for selecting that having a smaller
* provided evaluation index and being precedently generated among the escecution
| rights which are queued in the éueue.

Thus, thé execution instruction part can readily select that to be preferentially
processed among the genérated execution rights, whereby the processing operation
of the execution instruction. pért can be reduced.

The seventieth aspect is characterized in that, in fhe sixty-fifth aspect,

the execution instruction part recognizes a maximum number of service
requests, execution of which is instructed in starting, stops instruction of execution
when execution of the service requests is instructed by a number which is equal
to the maximum number, and changes the evaluation indices of remaining
execution rights to those of higher precedence.

According to the seventieth aspect, as hereinabove déscribed, the execution
* instruction bart stops executidn instruction when the maximum nufnber of execution
iristruction is performed, and changes the evaluation indices of the remaining
execution rights to those of highér precedence. Thus, it is possible to make
ex_ecution instruction not performed beyond the maximum number, while iﬁ is
possible to prevent the remaining ex-ecution rights’ from being not selected fo_r a
long time. | |

The éeventy-ﬁrst aspeqt is characterized in that, in the seventieth aspect,

the maximum number .of the servicé requests, e'Xecution of which is instructed
in starting, recognized by the execution instruction part is a number of the service
requests corresponding to a maximum quantity of information transmittable from all

servers to the client in a time which is equal to the cycle for starting the same.
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Thus, it is possiblé to make execution instruction not performed in a number

exceeding the maximum information quantity transmittable from all servers 'to the
client. | |

The seventy-second aspect is characterized in that, in the sixty-sixth aspect,

the execution instruction part recognizes a maximum number of the service
requests, execution of which is instructed in starting, stopé instruction of execution
when execution of the sefvice_ requests is instructed by a number which is equal
to the maximum number, aﬁd decrements the evaluation indices of remaining
execution rights.

According to the seventy-second aspect, as hereinabove described, the
execution instructiqn pért stops: execution instruction when the maximum number
of execution- instruction is performed, and decrements the evaluation indices of the
. }'emaining execution rights. Thus, it is possible to make execution instruction not
performed beyond the maximum number, while the evaluation iﬁdices of the
remaining execution rights are decremented every Tslt, whereby it is possible to
make the execution rights selected by after Treq + Tsit from generation at the
latest.

The seventy-third aépect is characterized in that, in thé seventy-second
aspect,

the maximum number of the service 'requests, execution of which is instructed
in starting, rec.c_:gnized by the execution instruction part is a numbér of the service
requests corresponding to a maximum quantity of information transmittable froh'n all
_servers to the client in a time which is equal to the cycle for starting the same.

Thus, it is possible to make execution ihstruction not performed in a number

exceeding the maximum information quantity transmittable from all servers to the
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client. '

The seventy-fourth aspect is characterized in that,

the seventieth aspect further comprises registration instruction part for
instructing the registration part to register/lupdate the cycles for generating
execution rights on the basis of a declaration from the client.

Thus, it is possible to make the registration part register/update the cycles for
generating execution rights at need.

The seventy-fiith aspect is characterized in that, in tﬁe seventy-fourth aspect,

the registration instruction part recognizes a -maximurﬁ number of service
requests, _exeeution of which is 'instr-ucted by the execution instruction part to all
servers per ur1it time, for instructing the registration part to register the cycles if the
same determines that an average number of generated execution rights of ail
servers per unit time is not in excess of the maximum number even if further
registration is made when registration of a cycle of a further server is declared in
addition to already registered cycles, while making the cycle not registered if the
same determines otherwise.- |

According to the seventy-ﬁfth aspect, as Here'inabove described, the
registration instruction part instructs the registration part to register the declared
cycles only when the same determines that the average number of the execution
.nghts of all servers per unit time is not in excess of the maximum number of the
service requests, execution of which is instructed by the execution instruction part..
to all servers per unit time, even if the declared cycle is further registered in
addition to the already regietered cycles. Thus, it is possible to prevent the
average number of the generated execution rights of all servers per unit time when

the declared cycle of the server is registered from exceeding the maximum number
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of the service requests, execution of which is instructed by the execution instruction

part to all servers per unit time.

The seventy-sixth aspect is characterized in that, in the seventy-fourth aspect,

the registration instruction part recognizes a maximum number of service
requests, execution of which is instructed by the execution instruction part to each
server pér‘ unit time, for instructing the registration pért to _register the cycles if the
sarﬁe determines that an average number of generatgd éxecution righté of each
server per unit time is not in excess of the maximum number eveh if further
registration is.made when .registr_ation of a cycle of a further server is declared in
addition to already registered cycles, while making the cycle not regisfered if the
same determines otherwise.

According to the "seventy-sixth aspect, as hereinabove described, the
registration instruction part instructs the registration part to register the declared
cyples only when the same determines that the average number of the execution
rights of each server per unit time is not in excess of the maximum number of the
service requests, execution of which is instructed to the server, even if the declared
cycle of the server is further registered in addition to the already registered cycles.’
Thus, it is possible to prevent the average number of the generéted execution
rights of each server per. unit time when the declared cycle of the server is
registered from exceedin_g the maximum number of the service requests, execution
of which is'i_nstructed by the execution ihstruction part to each server per unit time.

The seventy-seventh aspect is characterizéd in that, in the seventy-sixth
aspect, |

the maximum number of the service requests, execution of which is instructed

by the execution instruction part to each server per unit time, is a maximum number
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of the service requests executable by each server per unit time.

Thus, it is possible to prevent the average number of the generated execution
rights of each server per unit time when the declared cycle of the server is
| registered from exceeding the maximum number of the service requests, which can

be executed by this server per unit time.-
| The seventy-eighth .aspect is characterized in that, fn the seventy-fourth
aspect,
the registration instruction part recognizes. a maximum ndmber of service
requests, execution of which is ihstrueted by the execution instruction part to all
servers ber unit time, and a maximum number of the service requests, execution
of which is instructed by the execution instructjon part to each server per unit time,
.and. instructs the registration part to update a cycle Titv for generating an execution
~right for a certain server already registered to a new Titv calculated by an
expression Titv = 1/(1/Titv + 1/Treq) when a declaration for updating the cycle Titv
to that for generating an execution right with further addition of a cycle Treq in case
of deferrhining that an average number of generated execution rights of all servers
per unit time is not in excess of a maximum number of the service requests,
execution of which is inétr_dcted by the execution instruction part to all servers per
unit time and in case of determining that- an average number of generated
execution right of the server per unit time is not in excess of a maximum number
of the service requests, eke_cution of which is instructed by the execution instruction
~ part to the server per unit time, while not ubdating the Titv in case of determining
otherwise. |
-According to the seventy-'eighth aspect, as hefeinabove described, the

registration part is instructed to -update the cycle Titv for the certain server to the
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new Titv only in case of determining that the average number of the generated

execution rights of all sérvers per unit time is not in excess of the maximum number
of the service requests, execution of which is instructed by the execution instruction
.part to all servers per unit time and in case of determining that the average number
of the generated execution rights of the server per unit time is not in excéss of the
maximum number of the service reqt;lests, execution of which is instructed by the
~ execution inétruction part to the server per unit time, when the declaration for
updating the cycle Titv to that for-geﬂ_erating the execution right with further
addition of the cycle Treq is received. Thus, it is possible to make the average
number of the generéted-eXecution rights of all servers per unit time not exceed the
maximum number of the service requests, execution of which is instructed by the
execution instruction part to all servers, when the Titv of the server is updated,
while it is possible to make the average number of the generated execution rights
of the server per unit time not exceed the maximum number of the service requests,
execution of which is instructed by the execution instruction part fo this server per
unit time.

The seventy-ninth aspect is characterized in that, in the seventy-fourth aspect,

the registration instruction parf instructs the registration part to update an
alréady registered cycle Titv for generating an execution right of a certain server
to a new Titv which is calculated_ by an expression Titv = 1/(1/Titv - 1/Treq) when
a declaration is made to update the Titv to that for generating an execution right-
while excluding a cycle Treq.

Thus, it is possible to update the already registered cycle to the new one
When the declaration is made to update the already registered cycle for generating

the execution right to that for generating the same while excluding the cycle Treq.
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The eightieth aspect is a server unit connected with a plurality of terminals

through wire or radio transmission paths for retrieving and reading corresponding
daté from those stored therein when a data read request is transmitted from any
of the terminals énd tfansmitting the read data to the terminal issuing the read
request, which comprises: |
a data storage part storing various data and being accessible at random in
response to read requests from the terminals; _
an input/output part for controlling input/output of tﬁe data between the data
storage part and each terminal; |
an exchange part for exchanging the data between the input/foutput part and
the data storage part; and | |
a resource management part fbr managing resources which are necessary in
case of reading data required by the terminals from the data storage part and
outputting the same to the terminals, and | |
the resource managemént separates the resources of the overall server unit
to resources (preferential resources) employed for outputting data (preferential
data) for which continuity mﬁst be guaranteed to the terminals and resources (non-
preférer_\tial resources) employed for outputting data (non-preferential data) for
which no continuity may be guaranfeed to the terminals to manage the same.
According to the éightieth aspect, as hereinabove described, the resources
of the overall system are separated into the preferential resources and the non-
- preferential resources and managed, whereby resources used for reading 'thé non-
-preferential data can be ensured independently of the preferential resources.
Consequently, no influence is inserted on output of the preferential data even if the

read quantity of the non-préferentiél data is increased.
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The eighty-first aspect is characterized in that, in the eightieth aspect,

each terminal is divided into a plurality of groups,

the inputfoutput part includes a plurality of I/O units provided every group of
the terminal, | |

each .IIO unit includes:

a preferential input/output control part executing input/foutput control with
respect to a command requiring reading of fhe preferential data transmitted from
the terminal of the corresponding group; and
- a non-preferentiai inpﬁtloutput control part executing input/output control with
respect to a command requiring reading of the non-preferential data transmitted
from the._ténninal of the corresponding group,

the data storage part includes:

a plurélity of storage unité; and

a plurality. of MSFSs connected with each storage unit for controlling reading
of data from the storage unit, and

the non-preferential input/output control part includes:

a command queue for temporarily storing oommahds requiring reading of the
non;preferential,data transmitted from the ténninals of the corresponding group;

a command queue control part for fetching the commands from the command
queus; ' |

a cpmmahd transmission part for transmitting the commands fetched by the '
command queue control part to corr'esp'on_ding destination the MSFSs;

a data buffer part for temporarily_ storing the non-preferential data _réad from
the storage units by the MSFSs; and |

a data transmission part for transmitting the non-preferential data stored in the
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data buffer part to the terminals.

Thé eig'hty-second aspect is charéctel_'ized in that, in the eighty-first aspect,

the comrﬁand queue is provided in correspondence to each of a plurality' of
terminals belonging to the comresponding group for storing the commandé from the
corresponding terminal in order of arrivél,

the command quede control part executes command fetch processing of
selecting a single command queue storing the commands from a plurality of
command queues while fetching a command stored in its head and that transmitted
to the samé MSFS and outputting the same to the command transmission part,

the command transmission part:

fransmits the commands received from the command queué control part to the
MSFSs for executing the same; and

transmits a receiving completion ndtice to the command quéue control part
when the samé confirms 'that the data buffer p.art receives all read data for the
transmitted commands from the MSFSs; and

the command queue control part repeatedly executes the command fetch
processing every time the same receives the receiving completion notice from the
command transmission part.

According to the eighty-second aspect, as hereinabove described, it comes
to that the command queue control part does not 6utput the next command to the
command transmission part after the commands are outputted to the éommand
transmission part and before the data buffer part receives all data corresponding
to the outputted command. Thus, the IO unit does not simultaneously
communicate with a plurality of MSFSs in relation to receiving of the non-

preferential data, and it is not necessary to take collision of cells of the non-
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preferential data into consideration. On the other hand, the MSFSs can transmit

daia at a high speed by using all communication bands of the non-preferential
resources provided in the I/O unit.

The eighty-third aspect is characterized in that, iﬁ thé eighty-.secdnd aspect,

the command 'queue control part limits a number of the commands which are
fetched from a single command queue to not more than a préd'etermined constant
number in a single _comrhand fetch processing.

When a number of _command_s are substantially simultaneously transmitted to
a single MSFS, congestion is caused in the MSFS receiving the comménds, and
hence the aforementioned eighty-second aspect is adapted to limit the number of
the commands fetched from a single command queue and transmitted to the
command trénsmission part to not more than the predetermined constant number.

The eighty—fourth aépect is characterized in that, in the eighty-second aspect,

the non-preferential input/output control part further includes a buffer
management part for mariaging a used state of the data buffer part,_ and

the command qﬁeue control part decides the command queue selected for thé
command fetch processing on the basis of the used state of thé data buffer part
which is managed by the buffer management part.

The eighty-fifth a_s;pect is characterized in that, in the. eighty—fourth aspect,

the buffer management part is provided with a plurality of used quantity
counters for counting untransmitted data number stored in the data buffer part
every terminal, and |

the command queue control part. refers to the used quantity counters of the
buffer management part before executing the command fetch processing for

selecting a command queue corresponding to a terminal having a minimum
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untransmitted data number as a target of the command fetch processing.

According to the eighty-fifth aspect, as hereinabove deséribed, the command
queue corresponding to the terminal having the minimum data quantity stored in the
data buffer part is selected from the command queues storing the commands on
the basis of the used sitﬁation of the data buffer part managed by the buffer
management part so that transmission prdcessing for the commands stored in the
selected command queue is preferentially executed,'whéreby such a phenomenon
that a single terminal occupies and uses non-preferentiél_ resources shared by é
plurality tenﬁinals is reduced and thé best use of the communicatability provided
in the server unit for the respective terminals can be made.

The eighty-sixth aspect is characterized in thét, in the eighty—second aspect,

the command transmissioh part transmits a command which is received from
the command queue control part to the MSFS after reserving an area for storing
the non-preferential data read by the MSFS in the data buffer part, and stops
transmission of the commands to the MSFS until the area for storing the non-.
- preferential data can be reserved in the data buffer pért if the area cannot be
reserved. -

According to the 'eighty-sixth ‘aspect, as hereinabove described, the command
transmission part reserves the area for storing the data in the data buffer part and
thereafter transmits the command requiring reading of the non-pref_erential data to
the- MSFS. Namely, the command transmission part transmits no. command
requiring reading of the 'hon-preferential data to the MSFS until the storage area
can be reserved, if the storage region is unreservable. Thus, it is possible to
prevent the data from being discarded due to no storage area in the data buffer

part in receiving of data from the MSFS.
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The eighty-seventh aspect is characterized in that, in the eighty-first aspect,

the command queue oontr;ol part decides cycles for outputting the commands
to the command transmission part on the basis of a smaller one of a communication
band serving as a non-preferential resource for each IO unit for outputting data to
each terminal and a communication band serving as a non-preferential .resource for
each /O unit for receivihg the non-preferential data read from the data storage part.
| According to the eighty-seventh aspect,. as hereinabove described, the
command queue control péﬁ decides the cycles for outputting the commands to the
command transmission part on the basis of the smaller one of the communication
band serving as a non-preferential resource for each /O unit for outputting data to
each teﬁninal and the communication band serving as a non-preferential resource
for each 1/0O unit for receiving the non-preferential data read from the data storage
part. Thus, an-average band uséd by the data transmitted from the MSFS is equal
to or less than the communication band for the exchange part for communicating
with the MSFS, whereby an effect of suppressing congestion of the exchange part
resulting from data transmission of the MSFS can be expected. Further, an
average band used by the data transmitted from the MSFS is also equal to or less
than the_ oomm_unication band for serving as a non-preferential resource for each |
/O unit for outpUtting the data to each terminal, whereby increase of the quantity
of the data stored in the data buffer part in the I/O unit can be suppressed. .
The eighty-eighth aspéct is c_:haracterized in that, in the eighty-first aspect,
the command transmission part includes: '
a plurality of transmission queues provided in correspondence to the
respective MSFSs for storihg the commands received from the bommand queue

control part for the respective MSFSs; and
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a plurality of processing number counters provided in correspondence to

respective ones of the transmission queues, which are incremented every
transmission of the commands from the corresponding transmission queues to the
MSFSs and decrémented every arrival of déta read from the oorresponding MSFSs
at the data buffer part'_there_by counting the number of the non-preferential data not
yet arriving at the data buffer part, and

the command transmission part limits the numbér of the commands which are
transmitted from the respective transmission queues td the MSFSs so that the
number of unarriving non-preférential data 6ounted by the processing number
counters are not in excess of a prescribed threshold.

According to the eighty-eighth aspect, as hereinabové describéd, the
“command transmission part transmits commands in a noted transmission q‘ueue.to
the MSFS only when the count vaiue of the processing counter corresbonding to
the noted transmission queue is less than the predetermined threshold value,
whereby it is possible to avdid such a phenomenon. that read procéssing is
concentrafed to a single MSFS and the commands reside in this MSFS.

The eighty-ninth aspect is characterized in that, in the éight'ieth aspect,

the resource management part manages a communication band of the
exchange bart, a band for the data storage part for reading data, and a
communication band for the input/output part for outpuﬁing data to the respective -
teﬁninals as the resources.

The ninetieth aspect is characterized in that, in the eightieth aspect,

the exchange part is formed by an ATM switch, and

a communication band serving as a non-preferential resource of the ATM

switch is ensured in an ABR mode.
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According to the ninetieth aspect, as- hereinabove described, the

oommuﬁication band sérving as a non-preferential resource of the ATM switch is
ensuréd in the ABR mode so that thé MSFS reading data transmits the data
through the communication band ensured in the ABR mode, wheréby the
transmission rate from the MSFS is immediately reduced and congestion is
eliminated even 'rf.congest'ion is caused in the ATM switch. Therefore, the /O unit
can regularly correctly recéive the data. ’

The ninety-first aspect is characterized fn that, in the eightieth aspect,

- the resource management ban previousfy fixedly allocates parts of the
resources of the overall server unit as the preferential resources while allocating
the remaining péns as the non-preferential resources.

_Thé ninety-second a_spéct is characterized in that, in the eightieth aspect,

the resource management part changes a quantity which is allocated as the
preferential resources among the resources of the overall server unit in response
to read requests for the preferential data from the terminals.

Aocbrding to the ninety-second aspect, as hereinabove described, the quantity
which is allocated as the preferential resources among the resources of the overall
server unit is changed in response to the read requests for the preferentiai data
from the terminals, whereby allocation of the resources can be flexibly changed in
response to increase/decrease of the read requests for the preferential data, and
the best use of the finite resources can be efficiently made.

The ninety-third aspect is characterized in that, in the ninety-second aspect,

the resource management part allocates all those not allocated as the
pref_érential resources among the resources of the overall server unit as the non-

preferential resources while allocating preferential resources from those allocated
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as the non-preferential resources in such a range that the quantity of the non-

preferential resdurces is not below é prescribed resource quahtity when it is
necessary to increase the preferential resourées. ' |

According to the ninety-third aspect, as hereinabove described, al-l resources
not allocated as the preferential resources are managed as the non-preferential
resources while allocating prefereniial resources from the non-preferential
resoﬁrces in such a range that the 'quantity of the- non-preferential resources is not
below the prescribed resource quantity (minimum band width).when it is necessary
to newly increase the- preferential resources, whereby inputléutput of the
preferential data is not influenced even if read.ing of the non-preferential data is
increased and all unused resources are used as  non—preférential resourcés,
whereby reading of the non-preferential data is efﬁcieﬁtly executed.

The ninety-fourth aspect is a file éystem for issuing a data acquisition request
to a data storage unit in response to a data transmission requést from a user and
transmitting data acquired from the data storage unit in accordance with the data
adquisition request to the user, whiéh comprises: |

a data acquisition part for acquiring data from the data storége unit
successively from a position specified by the data transmission request
continuously at a specified speed;

a buifer for storing the data acquired by the data acquisition part from the data
storage unit; '

a buffer management part for pérforming operation of the data stored in the
buffer and management of a data quantity: | |

a data transmission part for continuously reading the data stored in the buffer

in order speciﬁed by the data transmission request continuously at a specified
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transmission speed and transmitting the same to the user; and

a pause control part for receiving a pause request and a pause release
request from the user for controlling the data transmission part, the data acquisition
part and the buffer managemeni part, and |

the pause control part is adapted:

to control the data transmission part to immediately stop data transmission
while controlling the data acquisition part to immediately stop data.acquisitio_n in
case of receiving the pause requesi from the user; and |

to control the data fransmission part to resume data transmission successively
from a head of the data stored in the buffer after péuse processing .wﬁile controlling
the data acquisition pért to résume data acquisition successively from data ne_;& to
the last data .stor,ed in the buffer after the pause processing in case of receiving the
pause rele'asg"req'uest from the user.

According to the ninety-fourth aspect, as hereinabove described, the data
stored in the buffer after the pause processing ére' transmitted to the user at first
when the pause release reqLuest is received from the user, whereby the time up to
resuming of data transmission after the pause release can be shortened as
compared with the case of newly performing a data transmissibn request.

The ninetyéﬁfth éspect is characterized in that, in the ninety-fourth aspect,

the pause control part substitutes a data acquisition resume time trd for
making the data acﬁuisition part resume déta acquisition, a quantity N of the data
stored in the buffer after the pause processing, a data transmission speed V after
pause release and a time D required by the data acquisition part for data
acquisition in the following expression (a) in case of receiving the pause release

request from the user, thereby calculating a data transmission resume time tsd for
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making the data transmission part resume data transmission:

tsd=trd+D-N/V --+(a)

According to the ninety-fifth aspect, as hereinabove described, the time for
resuming data transmission in the pause release is calculated through the
expression (a), whereby the data stored in the buffer after the pause processing is
transmitted to the user at leasf before the head data aéquired by the data
acquisition - part acquires after the pause release is stored in the buffer.
Consequently, the time up to data transmission resuming in the pause release can
be shortened as compared with the case of newly making a data transmission
request. Also when the data transmission speed around the pause is changed,
further, it is possible to prevent the transmission data from beihg interrupted due
to removal of the transmission data from the buffer, whereby continuous
transmission of the data can be implemented. |

The ninety-sixth aspect is characterized in that, in_thé ninety-fourth aspect,

the pause control part substitutes a data transmission resume time tsd for
making the data transmission part resume data transmission, a quantity N of the
data stored in the buffer after the padse ‘processing, a data transmission speed V
after pause release and a time D required by the data acqui_sition part for data
acquisition in the following expression (b) in case of receiving the pause release
request from the user, thereby calculating a data acquisitiori resume time trd for
making the data acquisition part resume data acquisition:

trd=tsd+N/V-D ---(b)

According to the ninety-sixth aspect, as hereinabove described, the time for
'_ resuming data transmission in the pause release is calculated through the

expression (b), whereby the data stored in the buffer after the pause processing is
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transmitted to the user at least before the head data acquired by the data

acquisition part after the pause release is stored in the buffer. Consequently, the
time up to data transmission resuming in the pause release can be shortened as
compared with the case of newly making é data tranémissibn request. Also when
the data transmission speed around the pause is chahged, further, it is possible to
prevent the transmission data frbm being interrupted due to removal of the
transmission data from the buffer, whereby continuous transmission of the_ data can
be implemented.

The ninety-seventh aspect is characterized in that, in the ninety-fourth aspect,

the pausé control part determines whether or not a quantity of the data stored
in the buffer after pause processing is greater than a limit data quantity
transmittable at a data transmission speed after pause release in a time which is
required by the data acquisition part for data acquisition in case of receiving the
pause release request from the user, and

controls the buffer management part to delete data of a part exceeding the
limit data quantity if the data quantity is greater than the limit data quantity as a
result of the determination, thereby. deciding a head position of the data being
acquired by the data acquisition parf after pause release.

According to the ninety-seventh aspect, as hereinabove described, the data
of the part exceeding the limit data qu_antity_ is eliminated from the buffer. in the
pause release, whereby the buffer may not have a buffer capacity beyond the limit
data quantlity.

These and other objects, features, aspects and advantages of the present-
invention will become more apparent from the following detailed description of the

present invention when taken in conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the structure of a file system according to
a first embodiment of thé present invention.

FIG. 2 is a block diagrém showin_g the structure of a part related to file access
in each server unit shown in FIG. 1.

FIG. 3 is a block diagram showing the structure of a part related to file access
in a file manager'shoWn-in FIG. 1.

FIG. 4 is a diagram illustrating the relation between feservation'and allocation
of resources and data read operations in the first embodiment..

FIG. 5 is a diagram showing an exemplary MS arrival slot management table
for managing states of MS 'él_'rival slots. |

FIG. 6 is a diagram shbwing an exemplary write slot management téble for
managing states of write slots. | |

FIG. 7 is a diagram showing an exemplary stream management table.

FIG. 8 is a block diagram showing a more detailed structure of a resource
management part shown -in FIG. 3.

FIG. 9 is a block diagram showing the structure of a file system -according to
a second embodiment of the present invention:

ﬁIG. 10 is a block diagram showing the structure of a file access part in each- :
/O unit shown in FIG. 9. |

FIG. 11 is-a block diagram showihg the struéture of a file access part in each
block storage unit shown in FIG. 9.

FIG. 12 is a block diagram showing 'the structure of a file system according
to a third embodiment of the present invention.

FIG. 13 is a block diagram showing the structure of a disk management unit
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according to a fourth embodiment of the présent invention.

FiG. 14 is a diagram showing a band preferential layout of déciding ratios for
distributing data in proportion to the bands of storaQe units.

FIG. 15 is a diagram showing a band preferential layout of deciding ratios for
distributing data in proportion to the capacities of storage units..

FIG. 16 is .a diagram showing a band setting layout of deciding ratios for
distributing data while mfxing the band brefefential layout and the capacity
preferential layout. | |

" FIG. 17 is a block diagram showing the structure of a ﬁlé system employing
the disk management unit shown in FIG. 13.

FIG. 18 is a block diagram showing the ‘structure of a scheduling unit
according to a sixth '_embodiment of the present invention.

FIG. 19 is a biock diagram showing the structure- of a video information
providing system employing the scheduling unit shown in FIG. 18.

FIG. 20 is a sequénce diagram showing a state of siénals transmitted/received
between a video infbrmatipn provider 1920 shown in FIG. 19 and clients (1 to n)
1921. |

FIG. 21 is a diagram showing registered contents of an execution right
generation cycle table 1812 shown in FIG. 18; |

FIG. 22 is a diagram showing queuing contents of a processing queue 1814
shown in FIG. 18.

FIG. 23 is a diagram showing queuing contents of an execution right queue
1816 shown in FIG. 18.

FIG. 24 is a flow chart for illustrating an operation of an execution right

generation part 1813 generating an execution right.
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FIG. 25 is a flow chart for illustrating an operation of an execution instruction

_pari 1815 shown in FIG. 18 instructing execution of a read request.

FIG. 26 is a block diagram showing the structure of & scheduling unit
according to a seventh embodiment of the present invention.

FIG. 27 is a block diagram showing the structure of a video information
providing system employing the scheduling unit shown in FIG. 26.

FIG. 28 is a diagram showing registered contents of an execution right

generatioh cycle table 2692 shown in. FIG. 26.

FIG. 29 is a diagram showing queuing contents of a processing queue 2694

shown in FIG. 26.

FIG. 30 is a diagram showing queuing contents of an execution right queue
2696 shown in FIG. 26. |

FIG. 31 is a diagram for illustrating operations of another execution right
queue.

FIG. 32 is a block diagram showing the.structure of a data transmission
system employing a sérver unit according to an eighth embddiment of the present
invention. |

FIG. 33 is a block diagram- showing a more detailed structure of an: /O unit
3207 shown in FIG. 32.

FIG. 34 is'a flow chart showing operations of a comménd acceptance part
3327 shown in FIG. 33. |

FIG. 35 is a flow chart showing operations of a command queue control part
3322 shown in FIG. 33.

FIG. 36 is a-ﬂow chart shéwing operétions of a command transmission part

3323 shown in FIG. 33.
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FIG. 37 is a block diagram showing the structure of a data transmission

system employing a server unit according to a ninth embodiment of the present
invention. |

FIG. 38 is a block diagram showing a more de_tafled structure of an /O unit
3707 shown in FIG. 37.

FIG.. 39 is a flow chart showing operations of a resource management part
3701 .shown in FIG. 37. -

FIG. 40 is a flow chart showing operations of a command acceptance part
3847 shown in FIG. 38.

FIG. 41 is a flow chart showing operations of a command queue control part
3842 shown in FIG. 38.

FIG. 42 is a flow chart showing 6perations of a command transmission part
3843 shown in FIG. 38, |

FIG. 43 is a _block diagram showing the structure of a file system according
to a tenth embodiment of the present invention.

FIG. 44 is a timing diagram showing the relation between a data transmission
request, data acquisition requests and data transmission in a data transmission
. operation of a server unit in the tenth embodiment. |

FIG. 45 is a timing diagram showing the relation between a data transmission
request, data acquisition requests and data transmission in a pause operation of
the server unit in the tenth embodiment. |

FIG.' 46 is a timing d?agram showing the relation between a data transmission
-request, data acquisition requests and data transmission in a pause release
operation of the server unit in the tenth embodiment. |

FIG. 47 is a timing diagram showing ihe relation between a data transmission
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request, data acquisition requests and data transmission in a pause release

operation of a server unit according to an eléventh embodiment.

FIG. 48 is a timin'g diagram for illustrating a method of calculating_a data
transmission resume time in a pause release operation of a server unit accof_ding
to a twelfth embodiment.

. FIG. 49 is a timing diagram showing the relation between a dafa transmission
_request, data acquisition requesfs and data transmission in a pause release

operation of a server unit according to the twelfth embodiment.
DESCRIPTION OF THE PREFERRED EMBODIMENTS .

(First Embodiment)

Fig. 1 is a block diagram showing the structure of a file system according to
a first embodiment of the present invention. Referring to Fig. 1, this file system
comprises an exchange unit 1, a ﬁlle manager 2, and a plurality of server units 3.

The file manéger 2 manages the overall file system. Each server unit 3
accepts a file read or write request from a user, and transmits data or a message
read from a storage unit manéged by t_he file system to the user. Data are
transferred between the server units 3 as well as between the server units 3 and
the file manager 2 through the exchange- unit 1. The data managed by this file
system are stored in fhe storage units which are present in the respective server
units 3.

Fig. 2 is a block diagram showing the structure of a part related to file access
in each server unit 3. Referring to Fig. 2, each server unit 3 includes an external

message interface part 101, a resource allocation part 102, a slot allocation part
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103, an address rétrieval part 104, a request transmission part 105, an external

network 1/O control part 106, an internal message_ interface part 107, a storage unit-
108, a storage control part 109, an internal network /O control part 110, and a
declared value management part 111. |

The external message interface part 101 identifies a messége transferred
between the same and the exteridr, and supplies a processing instruction to each
functional block in the server unit. The resource allocation part 102 allocates
 resources in the file system. The slot allocation part 103 allocates slots managed
by the server unit 3. The slots are described later. The address retrieval part 104
retrieves a position storing required data. The request transmission part 105
instructs transmission of a block read request requiring reéading of a data biqck of
| a fixed length or a block write request requiring writing. The iﬁtemal message
interface part 107 controls transmission/receiving of messages fof the filé manager
2 in the file system and other server units. The storage unit 108 stores data blocks
and data storage position information every file. The storage control part 109
controls access to the storage unit 108. The internal network I/O control part 110
controls the timing for tranémitting a data block required by the biock read request
to the exchange unit 1. - The declared value management part 111 _checks_whether
or not.parameters of messages arriving from the exterior are ‘proper.

Fig. 3 is a block diagram showing the structure of a part of the file manager
2 related 'tb file access. Referring to Fig. 3, the file manager 2 includes a message _
: interjfabe part 201 and a resource management part 202. The message interface
part 201 identifies messages fransferred between the same and each server unit
3 th-rough the exchange unit 1, and supplies processing instructions to the functions

in the file manager 2. The resource management part 202 manages a read band
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of the storage unit and the capacity and the used quantity of an input/output band

of the exchange unit 1 in the file éy_stem.

In relation to file access, the following messages arrive at the file system from
thé exterior: | |

(1) GetResource

(2) FileOpen

(3) ReadBlock

(4) WriteBlock

Operatfons of the paris of the file manager 2 and each. server ur;it'3 related
to file access in case of receiving the above messages are now described.

When the GetRééouroe message arrives, the external meséag_e inte'rféce part
101 in the server unit 3 informs the resource allocation part 102 of this arrival. The
resource allocation paft 102 instructs the internal message interface part 107 t6
transmit a resource allocation request for the file manager 2 When the resource
allocation request arrives at the file rhanager 2, the resource management part 202
determines whether or not the resource allocation request is acceptable, and
transmits the result to the server unit 3. The resource allocation part 102 in the
server unit 3 reserves a resource.

When the FileOpen message a_rrives, the server unit 3 acquires data storagé
position information in the ﬂlé from the storage unit 108, and shifts to a file-
accessible state. |

When the ReadBIOck message arrives, the slot allocation part 103 in the
server unit 3 'all_ocates the reserved reéource, and reads réduired -data.

When the WriteBlock message aﬁives, the slot allocation pért 103 in the

server unit 3 allocates the reserved resource, and writes required data.
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Fig. 4 illustrates the relation between reservation and allocation of resources
and data read operations. With referencé to Fig. 4, the operations of the file
system for reserving and allocating resources and reading/writing data are now
described. MS. arrival slots -errip!oyed for i'eservation and allocation of the
resources ahd. write slots are first described, followed by description of the
operations of the file system.

(1) MS Arrival Slots -

In this file system, a cbncept of "MS arrival slots" divided every several 10
msec. is employed. Referring to Fig. 4, a |ine 801 indicates that the time is divided
into MS arrival slots to bé managed. As to data reading, required data is divided
into data blocks (MS blocks) of fixed Iethh‘s, so that a block read request is
transmitted to the storage unit 108 or another server unit évéry MS block, for
‘reading the data. When a certain server unit transmits a .block read request to
another server unit, an MS arrival slot is allocated. A maximum value is set for the
numbef of block read requests which can be allocated to a single slot. According
to this file system, MS arrival slots are reéefved as to a user whose block read
requests are accepted, in order to guarantee stream provision' to the user. The MS
arrival slots allocated to _the block read requests are selected frorﬁ thé reserved MS
arrival slots. The operation of reserving the MS arrival slots is performed every
constant period. Parameters forming the "MS arrival slots" are as follows:

T_sit: .time interval between slots

Nmaﬁcl: number of requests allocatable to each slot

T_rsvMS: interval between operations for reserving érrival slots.

Referring to Fig. 4, numeral 802 denotes the interval T_slt. Fig. 5 shows an

exemplary MS arrival slot management table for managing the states of the MS
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arrival slots. As shown in Fig. 5, the MS arrival slot management table has "slot

.numbers" for identifying the- slots, "reserved user numbers" for identifying
presence/absence of slot resérvation and the reserving users, "allocation requést
numbers" for identifying whether or not block read requests are all_océted and the
allocated requests, and "non-preferential flags" for identifying whéther or not non-
| preferential block read requests may be allocated. A user having a resource
allocatéd by a GetResouroé message utilizes the preserved slot. With respect to
a user requiring block reading with no resource allocation; on the other hand, non-
" preferential flags are referred to so that an allocatable slot is allocated in case of
block reading.
(2) Write Slots
As to block writihg, a concept "write slot_s"' is employed. In each serve unit 3,
a write slot is provided e\'/ery' destination server unit. .Da'ta arriving with a
WiriteBlock command from the exterior is divided into data'blocks (MS blocks) of
fixed lengths so that its destinétion is decided in accordance with a space area list
of the storage unit 108, and transmitted as a block write request. The write slot 6f
the destination server unit is invariably allocated to the block write request. Fig.
6 shows an exemplary write slot management table managing states of write slots.
As shown in Fig. 6, the write slot management table has "destination unit numbers"
for identifying the destination server units, "slot numbers” for specifying the write
slots, and “allpcated request identification numbers” fdr identifying
presence/absence of requests allocated fo the slots and the allocated requests as
information. | |
(3) Resource Management Every User

In the server unit 3, a "stream management table" manages users whose
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GetResource méssages. are accepted with reference to reading and writing and in

order of ensured bands (from lafge to small bands). Due to the ensured band,
each user can read a single or a plurality of files. Fig. 7 shows an exemplary
stream management table. This stream management table is managed by the
resource allocation part 102 in each server unit 3. .The "stream management table"
has the items shown in Fig. 7 as information, in order to manage the situation of
resource acquisition every user. Referring io Fig. 7, "resource 'descriptcfs" are
identifiers allocated every acceptance of a GetResource message. The "stream |
management table" stores "réad or write" for identifying whether the message is for
reading or writing and an. average reservation interval between slots necessary for
providing the request band every "resource descriptor”. Further, the "stream
management ta.blle" has items such és "ensured file system internal bands" and
"currenﬂy usable file system internal bands" for storing the quantity of currently
unused bands among the ensured bands as information.

(4) Resource Acquisition Acceptancé Control

Resource acquisition acceptance control is adapted to determine whether or
not"each GetResource message from {he exterior is acceptable gnd return the
result of the determination to the exterior. . This determination is made. in the
resource management part 202 on the basis of parameters declared by the
message. Each GetResource message has the follqwing declared parameters:

read or write

a minimum réadlwrite' interval T of the block

a delay request value D_lim from arrival of a ReadBlock message to block
transmission

Fig. 8 is a block diagram' showing a more detailed structure of the resource
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management part 202 shown in Fig. 3. Referring to Fig. 8, the resource

management part 202 includes a declared parameter processing part 40'1, a write
band calculation part 402, an acceptance determination part 403, and a resource
storage part 404. The declared parameter processing part 401 replaces
parameters _ .declared by a command with numerical values necessary for
acc_eptano_e determination. The write band calculation pért 402 calculates a write
band. The acceptance determination 403 determines whether or nof each message
| is acceptable. Th'e resource storage par-t' 404 storés _curreht resource use
situations and a maximum value of providable resources.

'The declared .parame.ter processing part 401 first obtains a value T_max
satisfying the following expression (1) on the basis of the délay request value
D_im: | | | | |

D_lim=D_net+D_dsk_min+2XT_max *-+(1)

In the above expression (‘i), D_net represents an allowable délay value in the
exchange unit 1, and D_dsk_min represents the minimum value of limit delay
values in the storage unit .108. Ih wée of comparing T_max with T, the smaller one
is assumed to be T_min. o

- The-'declared péramé_tek processing part 401 calculates the_ necessary bahd
width from the value T_min. In case of reading, the declared parameter processing
'part 401 informs the acceptance determination part 403 of the calculated band
width. In case of writing, on the other hand, the déclafed parameter processing
part 401 employs the declafed value as the band of an inlet/outlet inffrom the
exchange unit 1 from/in the server unit 3, and obtains a numerical value (calculated
by the write band calculation part 402) by multiplying the declared value by a

constant value decided every storage unit as a peak provision speed. The
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acceptance determination part 403 determines whether or not the total sum _of

acquired resources is not more than a constant level in case of accépting
- GetResource messages on inlet and outlet sides from and in the exchange unit 1
in and from the server unit 3 and the storage unit 108. If the messages are
acceptable, the‘acceptance determination part 403 stores this information in the
resource storaQe part 404, and adds the information to the stream manag.ement
table managed by fhe resource allocation part 102. At this time, the information is
. added to a position not disturbing the description order (the order from smaller
T_min to larger one) of the stream management table.

(5) Assurancé of Read Resource

MS arrival élots are reserved- to be used for users whose GetResource
messages are accepted with acquisitioh of read resources. The MS arrival slots
are reserv.ed every constant time. The MS arrival slots between time sections
T_rsv are reserved in the order (from that at a higher provision stream speed to
that at a lower speed) described in the stream management table. The MS arrival
slots are reserved in accordance with respective set values T_min. Referring to
Fig. 4, reference numerals 803 to 806 denote timings for resérvation, and feference
numeral 807 denotes th_e time section T_rsv. A method of deciding the reserved
slots is now described.

1) Slots are selected at the time intervals T_min as to eéch user, and the
respective ohes of the selected slots are assumed to be expected sloté.

2) At the timings 803 to 806, reserved .expected slots are decided within the
time séction T_rsv at the time intervals- T_min.

- 3) If the expected slots are reservable, the élots are reserved.

4) If the expected slots are unreservable, slots next to the expected slots are
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referred to. If the referred slots are reservable, these slots are reserved. If these

slots are unreservable, on the other hand, next slots are referred to. This operation
is repeated. |

5) If the process is 6ut of the reservation section, slots in the next time
section T_rsv are reserved jn accordance with the above rule.

Referring to Fig. 4, reference numerals 808 to 820 denote expected siots for
resewatfon. Reference numerals 821 to 833 denote actually reserved slots. When.
a GetResource command is newly accepted, slot reServatibn in an already reserved
section is immediately performed in accordance with the set value T_min. It is
assumed that the method of slot reservation is identical to the aforementioned one.
As to IMS arrival slots not reserved at a time when reserving opérations have been
made as to all users, the non-preferential flags shown in Fig. 5 are brought into ON
states. |

. The MS arrival slots may be reserved in the order from the MS arrival slot
whose next expected slot amrives with earlier timing. In this case, the information
relating to the users who accept GetResource messages is described in the stream
management table in the ordér from thé information in which néxt exbected slot
arrives with earlier timing. The order of the description in the stream management
table is updated when the MS arrival slots are reserved. -

- (B) Block Read Operation

When.a ReadBlock message arrives'.from the_.exterio_r, the declared vélue'
management part 111 is informed of this through the message interface part 101.
The ReadBlock message has the following declared parameters: |

resource descriptor

block read interval
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delay request value D_lim from arrival of ReadBlock message to block

transmission

file identifier

position information in the file |

The declared value management part 111 checks whether or not a block'
acquisition request intefval by the ReadBlock command from the user corresbonds
to a declaration by the GetResource message. A request efrival time of the biock
is set by adding a delay request value provided to the command to the arrivel time
of the ReadBlock command. The declared value management part 111 checks
whether or not the interval of the block request arrival iime corresponds to the
declared value. In case of violation, a violation notice is issued. Further, the
declared value management part 111 confirms that the delay request value is not
too small. Assuming that D_net represents an allowable delay value in the
exchange unit 1 and D_dsk_min represents a minimum limit delay value at the
storage unit 108, the declared -value managerﬁent part 111 makes a violation notice
to the user if the following expression (2) holds:

D_lim< D_net+D_dsk_min+éxT_min ++(2)

If the declaration by the GetResource meesage is satisfied, on the other hand,
the slot allocation part 103, the address retrieval part 104_aﬁd the external network
/O control part 106 are informed of the arrival of the ReadBlock message. The slot
allocation part 103 decides a block reed request transmission interval so that data
blocks can be continuously provided in a required band. Due to tﬁe block read
request transmission, an interval (MS arrival interval) for acquiring MS blocke is
- averaged. When a block read request fransmission time is reached, allocaiion of

MS arrival sots and limit delay value calculation are performed on the basis of
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delay request values of respective commands.

In case of destination to the same server unit, no slot allocation is performed.

A delay limit value D_dsk provided to the block read request is defined as follows:
D_ dsk=D_lim --+(3) | -

In case of destination to another server unit; on the other hand, the a-llocate'd

- slot is selected in the following method: It is 'assumed'that T_req represents the

time for transmitting the block read 'requeét. The ‘slot reserved for t_h_is user is

allocated in a time T saﬁsfying the foilowing expression (4). If a plurality of slots

are reserved, the earliest time is selected.
| T_req+D_lim2X T_min<t<T_req+D_lim :--(4)

Assuming that t;_arv represents the time of tﬁe allocatéd slot and D_net
represents the allowed delay value in the exchange unit 1, the delay limit value
D_dsk provided to the block read request is obtained as follows:

D_dsk=t__arv-T_req—D_nef -=+(5)

The' sl'ot'allocatidh part 103 instruct__s the request transmission part 105 to
transmit a block read request having .the limit delay time as a parameter. The slot
allocation part 103 brings arrival slots which have been reéerved buf not allocated
into ON states. Referring to Fig. 4, arrows 834 to 838 indicate arriVaI of'ReadBlock
messages. Reference numerals 839 to 843 denote MS arival slots aliocated to the
respective ReadBlock messages. Arrows 844 to 848 indicate timings for instructing

transmission of biock read requests. The request transmission part 105 t'rénsmits
the blbck read requests to destinations declared by the address retrieval part 104.
' The internal messége interface part 107 executes transmission of the block read
requests. In each destination server unit 3, the block read request arrives at the

internal network control part 110 through the internal message interface part 107.
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The internal network control part 110 calculates the time for instructing transmission

of the read MS block on the basis of the limit delay value provided as a parameter,
and stores the same. The intemnal network control part 110 further instructs the
storage control part 109 to read the MS block. The storage control part 109 reads
the MS block required by the storage unit 108. The internal network 1O control
-part 110 allows output from the server unit 3 to the exchange unit 1 after a time
indicated by the limit delay v_al'ue from the arrival of the block read request as to
the MS block read from the storage unit 108. The read MS block arrives at the
external network 1/0 co_ntrol part 106 through the internal message interface part
107. The external network I/O control part 106 instructs transmission to the user
atatime T_req + b_lim. Referring to Fig.- 4, reference numerals 849 to 853 denote
timings when MS blocké arrive at the external network I/O control parts 106, and
reference numerals 854 to 858 indicates timings for transmitting MS blocks to the
users. |
_ As to a RéadBlock message not specified by a resource descriptor, a slot
having the non-preferential flag in Fig. 5 i_n an ON state is allocated so that a l_alock
read request is transmitted. | |

(7) Block Write Operation

As to stream data arriving with a WriteBlock command from the exterior, the
declared .value management pért 111 checks whether or not the data exceeds the
band ensured by the GetResource rhessage; In case of violation, a violation notice
is issued. If the stream data arrivés within the range of the band ensured by the
GetResource message, the data is divided into MS blocks in the slot allocation part
103 so that the destination is decided in the address retrieval part 104, and

transmitted as a block write request. A write slot of the destination server unit 3
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is invariably allocated to the block write request in the slot allocation part 103. The

block wnte request is transmitted at an allocated time.
(Second Embodiment)

Fig. 9 is a block diagram showing the structure of a file system accbrding to
a second embodiment of the present invention. Referring to Fig. 9, this file system
comprises a file ménager 901, a plurality of /O units 962, a plurality of biock

-storage units 905,. and an exchange unit 908.

The file manager.901 manages.the overall file sj}stem. Namely, this file:
manager 901 has functions similar to those of the file manager 2 shown in Fig. 1.
Each V/O unit 902 accepts a' requést for file reading or writing from each user, and
transmits data or a message read from a storage unit managed.by the file system
to the uéer. Each block storage unit 905 holds a storage unit storing data managed
by the file system, and controls data reading or writing from the storage unit. The
exchange unit 908 is connected with the file manager 901, the respective /O units
902 and the respective block storage units 905, for controlling transfer of data and
messages.

The data managed by this file system are stored in the storage units provided
in the block storage units 905. Fig. 10 shows the structure of 4 file access 'part in
each V/O unit 902. Functions of the respec_'tive blocks shown in Fig: 10 are similar
to those of the blocks of the same names in Fig. 2. Fig. 11 shows the. structure of
a file access part in each block storage unit 905. Functions of the respective
blocks shown in Fig. 11 are also similar to thbse of the blocks of the same names
in Fig. 2. Namely, each I/O unit 902 and each block storage unit 905 codperate’

| with each other, to serve a function similar to that of each server unit 3 shown in

Fig. 1.
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(Third Embodiment)

Fig. 12 is a block diagram showing the structure of a file system according to
a third embodiment of the present invention. Referring to Fig. 12, this file system
corﬁprises a message interface part 1201, a resource hanagement part 1202, a
read/write control part 1203, a storage unit 1204, and é declared value
mahagement_part 1205.

The message i_ntefface part 1201 controls t(ansmissionlreceiving of mességes
to/ffrom users. The r'esoufce mgnagement part 1202 manéges used .situatic'ons. of
resources. The read/write obntml part 1203 controls reading and writing from and‘
in the storage unit 1204. | The storage unit 1204 stores data. The declared value
mariagement part 1205 checks paramefers of read and write messages. Similarly
td the aforemenﬁoned ﬁrst'embodiment, resources are ensured by GetResource

_ méssages also in the file system shown in Fig. 12. The resource management part
1202 manages an accessible quantity to the storage unit 1204 and the wﬁent used
quantity. -

While the present invention has been described With reference to some
embodiments, the pi'esent invention is not restricted to. the aforerhentio_ned
embodiments, as a matter of course. For examble, the following matters also hold
fdr_ the present invention: |

(1) The names of the messages are mere examples, and the messages are
not restricted to the names employed in the respective erﬁbodiments. The order
of issuance thereof is not defined either.

(2) The parameters for the respective meséages- are mere examples of
related parts, and not restrictive. When a band width ensured by a GetResource

message is previously determined, for example, the value T may not be provided
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as a parameter but may be stored in the system. -

(3) The storage unit 108 may be physically separated into a plurality of parts.

(4) While the maximum handling capacity and the used quantity are assumed
to be the read data quantity per unit time as to the resource management part 202,
the presén‘t invention is not restricted to this method. A method of assuming these
to be a writs data quantity per unit time, or a method of setting maximum values for
reading and writing independently of each other. is also conceivable.

According to each of the first to third embbdiments, é band in the file system
is ensured when each GetResource message is received, whereby delay quality
can be guaranteed as to reading and writing of files. Reading or writing of a
plurality of files is implemented with the ensured band, whereby the resources in
the file system can be effectively utilized with no necessity for ensuring waste
bands.

A band obtained by mulfiplying a request band by a constant value is ensured
in writing, whereby the handling'capacity of the file system may not be previously
divided into those for writing and reading but the ratio can be readily changed in |
response to a request from a user, and the resources can be efficiently used. -

Further, _the bands are allocated by determining whether or not a larger one
of a band satisfying a delay time declared by every GetResource message and a
band to be ensured in accordance with a request from the GetResource message
can be ensured, -wheret.)y a plurality of delay qualities can be supported.

In addition, the MS arrival slots are allocated with respect to block read
requests, whereby the number of blocks inputted from the block storage unit in the
exchange unit can be temporally smoothed. Consequently, blocks read from a

plurality of block storage units and inputted in the exchange unit can be prevented
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from colliding with each other on an input side of the 1/0 unit and being discarded

in the exchange unit. Further, fluctuation caused by trafﬁc times of the blocks can
be reduced, so that the exchange unit can be efficiently utilized.

_Further, the MS arrival slots are reserved in the order from that having a large
ensured band to that having a small band, whereby maximum registration numbers
of the respective slots can be made constant while guaranteeing delay qualities of
all baﬁds so that the slots can be utilized by 100 %. At this timé, time fluctuation
of the requesf transmission number is eliminated and the exchange unit can be
most efficiently utilized. | |

Further, unused MS arrival slots are allocated to ‘data read requests from
users acquiring no resources, whereby the use efficiency of the file system can be
further improved. | |

In a large-scale ﬁle system handling data requiring coﬁﬁnuity such as a .vided
server, for example, a plurality of storage units are generally provided so that data
of é single file are dispersed and stored in the respective storage unité. Under
such circumstances, control of input/output bands comes into question if a pluraiity
of storage uﬁits having different bands and different storage capacities (hereinafter
| simply referred o as capacities) afé-provided with respect to a single file system.
In general, no control is made in conéideration of differences between abilities
(bands and capacities) of the respective storage units, and hence it is irﬁpossible
to make the best use of the abiliﬁes of the reépective storage units. In relation to
_this, description is now made on a disk management unii-Which can. simplify control _
of a plurality of storage units ha\}ing differe'nt. capacitieé and different inpuf/output
bands and optimize the use efﬁciency of each .storage unit in response to a

required input/output band and a file system employing the same.
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(Fourth Embodiment)

Fig. 13 is a block diagram showing the structure of a disk management unit
1300 according to a fourth embodiment of the present invention. Referring to Fig. |
13, this disk-management unit 1300 comprises a disk band management part 1301,
a disk capacity management part 1302, a distribution ratio decision part 1303, a
band calculation part 1304, a capacity calculation part 1305, a total disk band
controi part 1306 and a total disk capacity control part 1307.

The disk band management part 1301 manages input/output bands of
respective storage units provided in the file system. The disk capacity management
part 1302 manages the capacities of the storage units provided in the file system.
The distribution_ ratio decision part 1303 decides the ratios for eistr_ibuting data to
the stoiage nnit_s in accordance with an algorithm defined by the file 'system. The
band calculation part 1304 calculates the minimum one among values obtained' by
multiplying the bands of the storage units managed in the disk band management
part 130 by inverse numbers of the distribution ratios decided in the distribution
ratio decision part 1303 as a band in case of integrating all storage units. The
capacity calculation part 1305 calculates the minimum one among values obtained
by multiplying the ~canacities- of the storage units managed in the disk capacity |
management part 1302 by the inverse numbers of the distribution ratios decided
in the distribution ratio decision part 1303 as a capacity in case of integrating all
storage units. The total disk band control part 1306 performs band control of all
sterage units on the basis of the input/output band decided by the distribution ratio
decision p'art-1 303 and the band calculation part 1304. The total disk capacity
control part 1307 performs capacity control of all storage units on the basis of the

capacity decided by the distribution ratio decision part 1303 and the capacity
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calculation part 1305.

.The operations of the disk management unit 1300 having the  aforementioned
structure are now described.' First, an exemplary band setting algorithm executed
in the distribution ratio' decision part 1303 is described.

Fig. 14 illustrates a band preferential layout for deciding the ratios of
distributing data in proportion to fhe bands of the storage units. When the file
system is provided with three storage units having different pacitfes and different
bands, for example, data are distribdted to the respective storage units in
proportion to the bands, in the distribution ratios shown in Fig. 14. Values obtained
by multiplying the bands of the respective storage units by the inverse numbers of
the distribution ratios are assumed to be effective bands, and those obtained by
" multiplying the capacities of the respective storage units by the inverse numbers
~ of the distribution-ratioé are assumed to be effective capacities. In addition, the
band in case of integrating all storage units is defined as the minimum value among
the effective bands of the respective storage units, while the capacity in case of
integrating all storage' units is defined as the minimum value among the effective.
capacities of the respective storége units. Thus, the integrated storage units can
be regarded as equivalent to a storage unit having a band of 6 Mbps and a
-capacity of 6 GB. |

Fig. 15 illustrates a capacity preferential layout for deciding the ratios for
distributing data in proportion to the capacities _of the storage units. When the file
system is provided with three storage units having different capacities and different
bands, for example, data are distributed .to the respecfive storage units in
proportion to the capacities, in the .distribution ratios shown in Fig. 15. Values '

obtained by multiplying the bands of the respebtive storage units by the inverse
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numbers of the distribution ratios are assumed to be effective bands, and those

obtained by multiplying the capacities of the respective storege units by the inverse
numbers of the distribution ratios are assumed to be effective capaeities. in
addition, the band tn case of integrating all storage units is defined as the minimum -
- value among the effective bands- of the respective storage units, while the capacity
in case of integrating all storage units is defined as the mintmum value among the
effective capacities of the resbective storage units. Thus, the integreted storage
units can be regarded as equivalent to a storage unit havtng a band of 4 Mbps and
a capacity of 8 GB. | |
Fig. 16 illustrates a band setting layout for deciding the ratios for distributing
data while mixing the band preferential layout and the capacity brefere’ntial layout.
When the file system is provided with three sterage units having different capacities
artd different bands, for example, data are distributed to the respective storage
units at a band preferential layout ratio of o and a capacity pteferential layout ratio
of (1 - ), in the distribution ratios shown in Fig. 16. Values obtained by multiplying
the bands of the respective storage units by the inverse numbers of the distrtbution_
ratios are assumed to be effective bands, and these obtained by mdltiplying the
capacities of the respective storage units by the inverse numbers of the distribution
‘ratios are assumed to be effective capacities. |t1 addition, the band in case of
integreting att storage units is defined as ttte minimum value among the effective
bands of the respective storage units, while the capacity in case of integrating all
storage units is'deﬁned as the minimum value among'the effective capacities of the
respective storage units. If it is instructed that the effective bands of all storage
units exceed 5 Mbps in this cese, o must be at least 3/5. Assuming that o is eet

at 3/5, the integrated storage units can be regarded as equivalent to a storage unit
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having a band of 5 Mbps and a capacity of 20/3 GB.

The operations of the overall disk management unit 1300 shown in Fig. 13 are
described. The bands of the respecti\}e storage units.which are connected with the
file system are previously set in the disk band management part 1361. Further, the.
pécities of the respective storage units which are connected to the ﬁie system
are previously set in the disk capacity management part 1302. When a band
required as the file system is instructed, the distribution ratio decision part 1303
makes the band calculation part 1304 and the capacity calculation part 1305
calculate the band and. the capacity of the total storage units in accordance with
the aforementioned band sgtting aigorithm, on the basis of the information of the
bands and the capacities of the respective stdrage units set in the disk band
management part 1301 and the disk capacity niénagement part 1302 respectively.
When a data inpﬁt/output requést is generated in .practice, the total disk band
control bart 1306 performs band control of input/output of each storage unit by the
band of the total storage units calculated in the baind caleulation part 1304. On the
other hand, the total disk capacity control paﬁ 1307 .perfor'ms capacity control of the
input/output of éach storage unit by the capacity of the total storage units
calculated in the capacity calculation part 1305.

The plurality of storage units individually handled in the aforementioned fourth
embodiment may altematively be replaced with that logically regarded as a single
storage unit, B

 While all stofage units are prbcesséd together in the aforementioned fourth
embodiment, not all but partial storage units may alternatively be integrated in a
limited manner.

In case of combining storage units having different input/output bands and



-75-
different capacities in the aforementioned manner, the management is simplified

and the use efficiency can be optimized in response fo the required band by
integrating the plurality of storage units for managing the bands and the capacities
thereof with no attenfion tb the individual storage units. |

(Fifth Embodiment)

Fig. 17 is a block diagram showing the structure of the file system employing
the disk management unit 'shdwn in Fig. 13. Referring to Fig. 17, this file system
comprises storage units 1708a and 1768b, a file éttributé management. part 1709,
a band management part 1710, a file open processing part 1711, a band
acquisition part 1712, and an inputldutput control part 1713.

The storagé units 1708a and 1708b including storage média such as hard
disks, CD-ROMs, MODs, DVDs or semiconductor memories store data of respective
files in a dispersed manner respectivély. The file attribute management part 1709
manages band characteristics as attributes of the files. The band management part
1710 includes the function of the disk management unit 1300 shown in Fig. 13 in
a part ih_ereof, and manages ._the. inputfoutput band of the file system. The file open
processihg part 1711 perform_s open processing of the data files. The band
acquisition part 1712 acquires bands employed for data input/output. The
input/output control part 1713 combines a plurélity of files opened in the file open -
processing part 1711 with the bands acquired in the band acquisition part 1712,
and selects arbitrary file data from the plurality of files for inputting/outputting the
~same. |

Whilé the file. system requi'rés various elemenis such as a function of
managing file attributes other than the band characteristics, a function of

transmittin'g/receiving inputfoutput data and the like in practice in addition to the
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above, the description thereof is omitted since these elements are not directly

related to the present invention. |

The. operations of the file system according_to' the fifth ehbodiment having thé
afbrementioned structure are now described.

First, the disk management unit 1300 calculates distribution ratios of the file
data to the respective storage units in accordance with the afofementioned band"
setting algorithm. The distribution ratios are described in layout profile information,
and stored in the file attribute management part 1709 as the band characteristics
of the file attributes._ | |

It is assumed here that the file system is provided with a first file recording
"video data and a second file recording sound data. As to the band characteristic
of the first file, a band necessary for input/output is 6 Mbps, and its layout profile
is equally distributed to _thé storage units 17_08é an_d 1708b. As to the band
characteristic of the second file, on the other hand, a band necessary for |
input/output is 0.5 Mbps, and its layout profile is equally disfribute‘d to the storage
units 1708a and 1708b.

In this case, the data of the first and second files are equ_ally distributed to
and stored in the storage units 1708a and 1708b respectively. The file attribute
management part 1709 manages the'band characteristics of the first and second |
files. |

When a file open request command for the first file is received from a user,
the file open processmg part 1711 performs prescrlbed open processmg, and _
acquxres the corresponding band characteristic from the file attribute management
part 1709. When a file open request command for the second file is received from

the user, on the other hand, the file open processing part 1711 performs prescribed
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open processing, and acquires the corresponding band characteristic from the file

attribute management part 1709.

When a band acquisition request command is reééived from the user, the
band acquisition paft 1712 acquires 'a band necéssary for simultaneously reading
the first and second files from the band management part 1710 in accordance with
the band cha_racteristfcs acquired by the file open processing part 1711.

When a read request command fs received from the user, the input/output
bontrol bart 1713 divides the band acquired by the band éccjuisition part 1712 and
individually allocates the same to the ﬁrst and second files opened by the file oben
processing part 1711, and simuitaneously reads the video data of the first file and
the ;sound data of the second file in synch_ronizatibn ‘with eéch other from the
storage units 1708a and 1708b. Thus, stream data synchronizing pidtures and
sounds is produced.

While the data of the respective files are equally distributed to the storage
units 1708a and 1708b in the aforementioned fifth embodiment, the daté can
altematively be distributed in a biased manner, in response to the bands and the
capacities of the storagé' units. |

While thé data of two files having different band characteristibs are
simultaneously read ‘through the band- obtained by- adding up the band
characteristics of the two files in the aforementioned fifth embodiment, data of a
plurality of files may be altemately read through. a band '(maximum'band) decided
~ . by the band characteristic of any one ﬁle.- When data of a plufality'of files are
alternately read through a single band, formation of an applicatidn such as AV
synchronization can be simplified.

In a video information providing system for providing video information to a
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plurality of clients as an exemplary file system, each client generally has a buffer

for temporarily storing transmitted information. Each client transmits a service
request to a server in the file éystem ina c_:ycle which is set by the capécity of each
buffer and bit rates of the ;iictures to be received, and the server transmits video
information of a prescribed quantity in response to the service request. However,
the server generally hés an upper limit quantity of transmittable 'information,“ and
hence the service requests from the respeétive clients must be scheduled. to cause
no disconfinuity of pictures even if the service requests coi'hpete with each other.

Therefore, the server provided in the conventional video information providing
system has a écheduling unit for scheduling service requests which must be
'periodicélly processed. A unit described in Japanese Patent Publication No. 7-
164792 is known as a conventional scheduling unit. In this unit, a schedule control
program is provid_ed with a precedence processing queue every task and éVéfy
precedence,' so that processing of higher precedence can be executed in advance.

. When the aforementioned conventional scheduling unit is so employed that
a service request from a client having higher precedence, i.e., a client having a
shorter cycle for transmitting the service request, is preferentially executed, the
number of times of delay occurrence can be reduced thereby reducing the
frequency of occurrence of picture discontinuity.

However, ' the aforehentioned conven.tional scheduling unit reg.ularly
preferentially executes the service request from the client of the higher brecedence
| ‘transmitted in a shorter cycle, and hence that from a lower client may not be
executed for a long time.

Further, the time up to execution of the service request from the lower client

varies with the number of service requests from the remaining clients. Therefore,
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it is impossible to prevent occurrence of picture discontinuity on the lower client

side by fransmitting the service request in a cycle in cohsiderat_ion, of a delay time.

if a temporal average of the number of service requests transmftted from all
clients exceedé the ha'ndlihg capacity of the server, the number of service requests
left unproc;,essed is_ incréaSed- with time. In this case, occurrence of picture
discontinuity cannot be prevénted ih whatever order the service rquests are
_éxecuted. | |

Ina vidéo ihformatio_n. providing system provided with a plurality of serveré for
providing video infbnnation to clients through a common transmission. path, on the
other hand, service requests to the respective servers must be scheduled since the
transmission path 'has'an upper limit quantity of information whibh is transmittable
at once. If the sérvice requests are scheduled by the aforementioned conventional
3 scheduling unit, however, problems similaf to the above are caused.

In relation to this, description is now made on a scheduling unit which can
schedule service requests from respedive clients so thaf no information
discontinuity is 6aused when a server provides continuous information such as
video information to a plurality of blients in a divided manner.

Descriptio'n is also made on a scheduling unit which can schedule senﬁce
requests to respective servers so that no information discontinuity is caused when
a plurality of servers provide continuous information to a client in a divided mannér.
(Sixth Embodiment) | |

A sixth embodiment of tﬁe present invention is now described.with reference
to drawings. | |

Fig. 18 is a block diagram showing the structure of a scheduling unit

according to the sixth embodiment of the present invention. The unit shown in Fig. '
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18 comprises a registration instruction part 1811, an execution right generation

cycle table 1812, an execution right generétion part 1813, a processing queue 1814
and an execution instruction part 1815. The execution instruction part 1815
inciudes an execution right queue 1816. | |
| Fig. .19 is a block diagram showing the structure of a video information
‘providing system employing the. scheduling uhjt'shown in Fig. 18. The system
shown in Fig. 19 is.formed by a video information providing unit 1920 which is an
exerhplary file system, and a plurality of clients (1 to n) 1921. The video
information providing unit 1920 includes a scheduling uhit 1810 and a"server 1922,
Each of the clients (1 to n) 192_1 shown in Fig. 19 cyclically transmits read
requests to the server 1922 of the video information prowdlng unit 1920. The client

(1 to n) 1921 has a buffer and a monitor, for temporarily storing provided video

information in the buffer and displaying pictures on the monitor while reading the -

stored information. The scheduling unit 1810 schedules the read requests so that
the server 1922 cyclically provides video information to the client (1 to n) 1921.
- The server 1922 transmits the video information to the client (1 to n) 1921 by a

prescribed quéntity in response to"an instruction from the scheduling unit 1810.

The registration instruction part 1811 shown in Fig. 18 receives a declaratlon '

from the client (1 to n) 1921 shown in Fig. 19 and mstructs the executlon right
generation cycle table 1812 to register a cycle for generating an execution right
every client (1 to n) 1921. The eXepution right géneration cycle table 1 8i2
registers the cyc[e for generating the execution rightt The execution right
genération' part 1813 is started in a prescribed cycle (hereinafter referred to as Tslt)
to generate the execution right every client (1 to n) 1921 on the basis of the cycle

registered in the execution right generation cycle table 1812. The execution right
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generation part 1813 further provides an evaluation index (hereinafter referred to

as Nsft) indicating precedénce to the generated execution right. The processing
queue 1814 queues read requests from the clients (1 to n) 59_21. The execution
instruction part 1815 is started in the cycle Tslt, and instructs the server 1922 to
acquire a read reduest from a client 1921 correspondihg to the execution right
generated by the execution right generation part 1813 émong those queued in the
execution right queue 1814 and execute this read request. -

Fig. 20 is a sequence diagram showing a state of 'transmissionlreceiving of
signals between the video infonnation providing unit 1920 and the clients (1 to n)
1921 shown in Fig. 19. A resource aéquisition request 31 shown in Fig. 20 is a
signal transmitted from each client (1ton) 1921 to the.video information providing
unit 1920 for informing fhe unit 1920 of information (hereinafter réferred to as a
client ID).for‘ identifying the client 1921, the name of video information to be read
and the read position. The resource acquisitioh request 31 further includes a cycle
ftSr transmitting a read request, i.e., a cycle (hereinafter referred to as Treq) for
generating the execution right, desired ‘by the client (1 to n) 1921. A resource
acquisition response 32 is a signal transmitted from the video information providing
unit 1920 to the client (1 to n) 1920 for informing the clieﬁt of whether or not the
video information can be provided in the desired cycle Treq'.

Read requests 33 are signals transmitted from the client (1 to n) 1921 to the
video information providing unit 19_20 iﬁ case of requesting reading. A read
response 34 is video information transmitted from the video information providing
unit 1920 to the client (1 to n) 1921 in response to the reéd requests 33. A
resource release request 35 is a signal transmitted from the client (1 to n) 1921 to

the video information providing unit 1920 to inform the unit 1920 of the fact that the
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desired video information is completely read, and includes the client ID. A resource

release response 36 is a signal transmitted from the video information providing
unit 1920 to the client (1 to n) 1921 to inform the client 1921 of that provision of the
video information is stopped. in response to the resource reiease request 35.

Fig. 21 illustrates registered contents of the execution right generation cycle
table 1812 shown in Fig. 18. As ehown in Fig. 21., t.he.execution right generation
cycle table 1812 registers the client ID, Treq and an execution right generation
- cycle offset (hereinafter referred to as Tofs) every client (1 to n) 1921.

Fig. 22 illustrates queuing contents of the processing queue 1814 shown in
Fig. 18. As shown in Fig. 22, the processing queue 1814 queues the read requests
from the clients (1 to n) 1921 every client (1 to n) 1921.

Fig. 23 illustrates queuing contents of the execution right dueue 1516 shown
in Fig. 18. As shown in Fig. 23, the execution right quede 1816 queues the
generated _execution rights every provided Nsft.

Fig. 24 is a flow chart for illustrating the operation of the execution right
generation pad 1813 .shown in F'ig. 18 for generating the execution right.

Fig. 25 is a ﬂew chart for illustrating the operation of the _exe_cu_tion instruction
part 1815 shown in Fig. 18 for instructing the server 1922 of Fig. 19 to execute a
read request. |

Description is now made on an operation of the scheduling unit 1810 shown
in Fig. 19 for schedulirig read requests so that video information is cyclically
provided from the server 1922 to the plurality of clients (1 to n) 1921 respectively,
with reference to Figs. 18 to 25; .

First, the operation of the registration instruction part 1811 shown in Fig; 18
for instructing the execution right generation cycle table 1812 to register the client
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ID, Treq and Tofs.

It is assumed that client IDs, Treq and Tofs of the plurality of clients 1921 are
already registered in the execution right generation cycle table 1812 At this time,
| an additional client 1921 transmlts the resource acquisition request 31 shown in
Fig. 20, thereby declaring the client ID and Treq thereof to th_e video information
providing unit 1920. | |
| The registration instruction part 1811 recognizes information providability of
the server 1922, i.e., the maximum number (hereinaftef referred to as Nmax) of
read requests executable-by the server 1922 in a time equal to the cycle Tslt, and
compares an average number of generated executed rights per Tslt with Nmax if
the- declared Treq is registered in additibn to the already registéred ones, thereby
determining whether or not the server 1922 can. provide information temporally on
the average.

if the d'etermination is of YES, the registration instruction part 1811 instructs
the execution right generation cycle téble 1812 to register the declared client ID
and Treq, and makes "0" registered as an initial value of Tofs. Further, thé
registration instruction part 1811 transmits the resource acquisition response 32,
thereby iﬁfoming the client 1921 transmitting the resource acquisition request 31
of the fact that the video information can be provided ih the declared Treq. |

If the determination is of NO, on the other hand, the registration instrdctipn
part 1811 transmits the resource acquisition response 32, thereby informing the
client 1921 -of the fact that information cannot be provided in the declared Treq.

An opération of the execution right generation part 1813 shown in Fig. 18 for
generatlng an execution right on the basis of Treq and Tofs reglstered in the

execution nght generation cycle table 1812 i is now described with reference to Fig.
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24. |t is assumed that cllent IDs, Treq and Tofs of a plurality of clients 1921 are

registered in the execution right generatlon cycle table 1812 in the aforementloned
manner.

The execution right generation part 1813 first fetches a set of a client ID, Treq
and Tofs registered in the'execution right cycle table 1812 (step S1). Then, the
execution right generatfon part 1813 compares the fetched Tofs with the cycle Tslit
of lits operation (step S2).’
| If Tofs > Tslt, the execﬁtion right generation part 1813 advances to a step S9.

If Tofs <. Tslt, on the other hand,'thé execution right. generation part 1813
- determines whéther or not a read requeét from the client 1921 corresponding to the
read client ID is queued in the processing queue 1814 (step S3).

If the determinatioh is of YES, the execution right generation part 1813
generates an execution right, provides information indicating that the execution right
is allocated to the read request, and calculates a new Tofs by the following
expreséion_ (6) (step S4):
| Tofs=1;ofé+Treq (6)

If the detérmination is of NO, on the other hand, the executlon right generatlon

part 1813 advances to a step S9.

Then the executlon right generation part 1813 compares the new Tofs
obtained by calculation with Tslt (step S5)

If Tofs < Tsit, the execution right generation part 1813 provides the generated
execution ﬁght ‘with Nsft = 0 as an evaluation index (step S6). The execution
instruction part 1815 instructs the execution right queue 1816 to queue the
generated execution right in the tail of the queue having a matched value of Nsft

(step S7), and then the execution right generation part 1813 retums to the step S2.
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If Tofs > Tsit, on the other hand, the execution right generation part 1813

provides the generated execution right with Nsft calculated by the following
expression (7) as an evaluation index (step S8), and advances to the step S7:

Nsft=f(Treq/Tslt) :--(7) |
where f(x) represents the minimum integer exceeding x.

If. Tifs > Tsht at thé step S2, the execution right generation part 1813
‘calculates a new Tofs by the following expression (8) (step S9):

Tofs=Tofs-Tslt ++(8) '

Then, the execution right generation part 1813 determines whether or not the
~ New Tofs obtained by calculation is greater than or equal to zero (Tofs > 0) (step
$10). '

if Tlfé. > 0, the execution right generation bart 1813 instructs the-execut_idn _
right generétio.n cycle table 1812 to update Tofs to the new Tofs obtained by
calc_ulation (step S11). |

If Tofs < 0, on the ‘other hand, the execution right generation part 1813
updates Tofs to zero (step S12).

Then, the execution right generation paﬁ 1813 determines whether or not all
client IDs, Treq a_nd_Tofs registered in the execution right generation cycle table
1812 are fetched (step $13) | |

If the determlnatlon is of YES, the execution right generation part 1813 stops
its operation, whilt_a returning to the step S1 if the determination is of NO.

An operation of the execution instruction part 1815 shown in Fig. 18 for
instructing the server 1922 to execute the queued read request on the basis of the
execution right generated in the aforementioned manner is described with reference

to Fig. 25.
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The execution instruction part 1815 counts the number of times instructing

execution to the server 1922, and stores a count value C obtained by this countihg.
The execution instruction part 1815 first initializes this count value C (step $21).

Then, the execution instruction part 1815 fetches the head of execution rights
qdeued in a queue having fhe minimum Nsft value; i.e., that having the minimum
provided Nsft and the longest elapsed time- from generation, amohg those queued |
" in the execution right queue 1816 (step S22), ahd then increments the count value
C (step S23)..

Then, the execution instruction part 1815 refers to the cﬁent-lD given to the
fetchéd execution right, fetches the read request from the cl_ient 1921 corresponding
to the execution right from the processing queue 1814, and instructs the server
1922 to execute the same (step S24). Then, the execution instruction part 1815
compares the count value C obtained by increment with Nmax (step 825)..

The éxechtion instruction part 1815 retums to the step S22 if C < Nmax while
ihstructing the execution right queue 1816 to decrement the values of Nsft of the
remaining executibn rights respectively if C > Nmax (step S26), and thereafter
completes the processing.

The server 1922 receiving the execution- instruction in the aforementioned
manner transmits the specified video information to the client 1921 transmitting the
read request after a lapse of a certain constant time from receiving of the
instruction. The client 1921 completely receiving the necessary video information |
transmits the resource release request 35 shown in Fig. 20, thereby informiné the
video information providing unit 1920 of the completion of receiving. The resource
release request 35 is provided with thé client ID of this client 1921, and the

registration instruction part 1811 receiving the resource release request 35 deletes
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the provided client ID as well as Treq and Tofs corresponding to this client ID from

the execution right generation cycle table 1812.

According to this 'embodimeht, as hereinabove described, thé processing
queue 1814 queues read requests from the respective clients (1 to n) 1921 in case
of scheduling the read requests so that the server 1922 cyclically provides video
information to the plurality of clients (1 to n) 1921. ;I'he execution right generation
cycle table 1812 registers the cycle Treq for generating the execution .fight every
client (1 to n) 1921, and the executibn right generation- part 1813 geﬁerates the
execution right on'the basis of the cycle registered in the execution righ't.generation
cycle table 1812. The execution instruction part 1815 acquires the read request
from the client 1921 corresponding to the execution right 'generated by the
execution right generation part 1813' among those queued in the processing queue
'1814, and instructs the server 1922 to execute the same.

- Thus, the read request from each client (1 to n) 1921 is queued while the
cycle for generating the execution right every client (1 to n) 1921 is registered, for
generating the execution right on the basis of this cycle. The server 1922 is -
instructed to execute the request: from the client 1921 cofresponding to the
generated execution right among the queued read requests. Thus, the time up to
execution of a read request from a certain client 1921 is not influenced by
situations of transmission of read requests from the remaining cliént_s 1921,
. Whereby indetermination of times up to execution of transmitted read requests can
be prevented.

Further, the execution right generation part 1813 is started in the cycle Tslt
and refers to the execution right generation cycle table 1812, to generate th_e

execution right of the client 1921 having the time Tofs between the current started
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time and the time for generating the next execution right is less than Tsit. Further,

Treq is. added to Tofs of this client 1921 and a new Tofs is calculated by an
expression Tofs = Tofs - Tslt with respect to this Tofs if the Tofs obtained by such
addition is greater than or equal to Tslt (Tofs > Tsit), so that the execution right
generation cycle table 1812 is instructed to register the Tofs obtained by this
calculation. _ . |

If the Tofs obtained by addition. is less than Tslt (Tofs <'Tslt), the execution
right geheration part 1813 further generates an execution right, while repeating the
operation of addihg Treq to Tofs and comparing the result with Tslt. When the
Tofs obtained by additioh becomes greater than or equal to Tslt (Tofs > Tslt), a
new Tofs is calculated with respect to this Tofs by the expression Tofs = Tofs -
Tslt, so that the execution right generation cycle table 1812 is instructed to register
the Tofs obtained by this calculation.

As to a client 1921 having the time Tofs from the current started time to a time
for genérating the next execution right ls greater than or équal to Tslt or having a
f’ead- request not queued in the processing queue 1814, no exécution right is
generaied but a new Tofs is calculated with respect to the Tofs by the expression
Tofs = Tofs - Tsit, so that the execution right generation cycle table 1812 is
instructe_d to register the Tofs obtained by the calculation. |

If the Tofs obtained by calculation is less than zero, the execution right
generation part 1813 instrycts the execution right generation cyclé table 1812 to
register Tofs = 0. - |

Thus, the execution -right generation part 1813 is started in the cycle Tsit to
calculate Tofs, i.e., the time between the current started time and the time for

generating the next execution right, on the basis of Treq and Tslt registered in the
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execution right generation cycle table 1812 a;'ld compares the Tofs obtained by the
calculation with Tslt, thereby determining the client 1921 for whom the execution
right _is to be generated and generating the execution right. Further, the execution
right generation part 1813 repeats the operatfon of addiﬁg Treq to Tofs and
comparing the result with the Tslt, thereby detennining a plurality of clients 1921
for whom execution rights are to be generated, and geherates execution rights in
the necessary number. The execution right genefation part 1813 performs these
operations at once in starting, whereby the processing operations of the execution
| right generation part 1813 can be reduced as compared with the case of generating _
the execution rights in the cycle Treq registered in the execution right generation
cycle table 1812. | | -

As to a client 1921 whose read request is not _queued, no' execution right is
generated so that no video information is supplied to the client 1921 transmitting
'no read request. |

If the new Tofs obtained by calculation is less than zero, Tofs = 0 is registered
so that Tofs of the clieht 1921 whose read request is not queued is reduced by
_ repeated spibtraction_of Tslt. Thus, it ie possible to prevent generation of a number
of execution righfs fof this client 1921 at a point of time when a read request is
queued.

Further, the execution ﬁght generation part 1813 provides the evaluation index
Nstt calculated by the above expression (7) to the exeeuted right generated in the
aforementioned manner. The ekecutiori instruction part 1815 includes the
execution right queue 1816 for queuing the execution rights generated by the
execution right generation part 1813, and instructs this queue to queue the

generated execution rights every evaluation index in the order of generation. The
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execution instruction part 1815 selects the execution right having a smaller

evaluation index Nsft and generated in advance among the queued ones, and
instructs ‘the server 1922 to execute the read requeét from the client 1921
corresponding to this. execution right. _

The execution instruction part 1815 recognizes fhe maximum number Nmax
of the read requests executable by the server 1922 in the time equal to the cycle
Tsit, stops the instruction of execution when execution is instructed by a number
equal to this Nmax, and instructs the execution right queue 1816 to decrement the
evaluation indices Nsft of the remaihing execution rights.

Thhs, the evaluation indices indicating precedence calculated as functions of
the cyclé for generating the execution rights are provided to -the execution rights
generated by the execution right generation part 813, and the .execution instruction
part 1815 selects the execution right to take precedence on the basis of the
provided evaluation index, and instructs execution. The execution instruction part
1815 tempbrarily stops instruction of execution when execution of Nmax read
requests is instructed, and decrements the evaluation indices of the remaining
execution rights for improving the precedence. |

Thus, the execution instruction part 1815 can select the execution right for the
client 1921 having a shorter time between the current started time up to the time
for generating the next execution right to take precedence, whereby the number of
times_ causing delays can be reduced. Fuﬂher, it is pbssible to prevent the server
1922 from executing read requests in a number beyond its hahdling capacity, while
the evaluation indices of the remaining execution rights are decremented every Tsit,
whereby the execution rights can be selected at least until after Treq + Tsit from

generation. Therefore, the clients (1 to n) 1921 transmit read requests in cycles
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taking the maximum delay time in consideration, whereby occurrence of

discontinuous video information can be prevented.

| When ‘execution rights are generated in a number beyond the handling
capacity of the server 1922 temporally on the average, however, the number of
remaining execution rights is increased as the time elepees. In this case,
occurrence of picture discontinuity cannot be prevented by the aforementioned.
processing. |

When a declaration for registration of Treq is 'received, therefore, the
registration instruction part 1811 instructs the execution right generation cycle table
1812 to register the declared Treq only when a determination is made that an
aVerage number of the generated execution rights per Tslt- is not in excess of Nmax
even if the declared Treq is further registered in addition to the already registered
ones. | "

Thus, it is pessible to pfevent occurrence of picture discontinuity due to
increase of the number of the remaining execution rights with the lapse of time
resulting from the total number of the execution rights exceeding the handling
capacity of the server 1922 temporally on the average.

The execution right queue 1816 is provided on the execution instruction part
1815 to queue the execution rights every evaluation index in the order of
generation,.whereby the execution instruction part 1815 may select the execution
rights from the head of the queue having the minimum evaluation index. Thus, the
processing operations of the execution instfuction part- 1815 can be reduced.
(Seventh Embodiment)

A seventh embodiment of the present invention is now described with

reference to the drawings.
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Fig. 26 is a block diagram showing the structure of a scheduling unit

according to the seventh embodimen_t of the present invention. The unit shown in
Fig. 26 comprises a registration instruction part 2691, an execution right generation
cycle table 2692, an execution righi generation part 2693, a procéssing queue 2694 |
and an execution instruction part. 2695. The execution instruction part 2695
includes an execution right queue 2696.

Fig. 27 is .a block diagram showing the structure of a video information
providing sjstem employing the scheduling unit shown in Fig. 26. The system
shown in Fig. 27 is formed by a video information providing unit 2700 and a client
2701, which-are connected with each other by a transmission path 2703. The
video information providing unit 2700 includes a scheduling unit 2690 and a
plurality of servers (1 to m) 2702.

The client 2_701 shown in Fig.. 27 cyclically transmits read requests to the
plurality of servers (1 t6 m) 2702 of the video information providing unit 2700
respectively. The client 2701 has a plurality of buffers and a plurality of monitors,
" and temporarily stores provided information in eabh buffer every server (1 to m)
2702, for displaying pictures on each monitor while reading the stored information.
The sbhed_uling unit 2690 schedules the read requests so that video information is
cyclically provided from the servers (1 fo m) 2702 to the client 2701. The servers
(1 to m) 2702 transmit video information to the client 2701 by prescribed quantities
in response to instructions from thé scheduling unit 2690. It is assumed that the
total information providability of the servers (1 to m) 2702 inciuded in the video
information providing unit 2700 is in excess of the transmittability of the
transmission path 2703.

The registration instruction part 2691 shown in Fig. 26 receives a declaration
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from the client 2701 shown in Fig. 27, and instructs the execution right generation

cycle table 2692 to register a cycle for generating an execution right every server
(1 to m) 2702. - The exécution right generation cycle table 2692 registers the cycle
for generating the executfon right. The execution right generation part 2693 is
started in a prescril;';ed cycle (hereinafter referred to as Tslt), and generates the
execution right every sel;ver (1 to m) 2702 on-the basis of the cycle registered in
the execution right generation cycle table 2692. The execution right generation
part 2693 also provides an evéluation index (hereinéfter referred to as Nsft)
indicating precedence. to the generated execution .right. The processing queue'
2694 queues the read requests to the servers (1 to m) 2702. The execution
instruction part 2695 is started in the éycle Tslt, acquires a read fequest to a server -
2702 corresponding to the execution right generated by the -execution right
generation part 2693 among those queued in the processing queue 2694, and
instructs the corresponding server 2702 to execute the read request.

Signals similar to those described in the sixth embodimeht with reference to
Fig. 20 are transmfttedlreceived toffrom. the video information providing unit 2700
and the client 2701 shown in Fig. 27. A resource acquisition request 31 includes
a server ID, in place of the client ID.

‘ Fig. 28 illustréféé the registered contents of the execution right generation
cycle table 2692 shown in Fig. 26. As shown in Fig. 28, the execution right
generation cycle table 2692 registers the server ID, Titv and an execution right
generation cycle offsét (hereinafter referred to as Tofs) every server (1 to m) 2602.
While the cyc[es Treq in the table shown in Fig. 21 are values declared by the
clients (1 to n) 1921 shown in Fig. 19, values Titv shown in Fig. 28 are calculated
by a prescribed method on the basis of Treq dedared by the client 2701 shown in.
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Fig. 27.

Fig. 29 illustrates queuing contents of the processing queue 2694 shown in
Fig. 26. As shown in Fig. 29, the processing queue 2694 queues the read reqﬁests
to the servers (1 to m) 2702 every server (1 to m) 2702.

Fig. 30 illustrates the queuing contents of the execution right queue 2696
shown in Fig. 26. As shown in Fig. 30, the execution right queue 2696 queues the .
generated execution fights every provided Nstt.

: Deécription is now made on én opératioh of the s;:heduling. unit 2690 shown
in Fig. 27 for scheduling the read requeSts so that video information is cyclically
providéd from the plurality of servers (1 to m) 2702 to the clieht 2701 tﬁrough the
transmission path 27043 re_spectively,'with reference to Figs. 20 ahd 24 to 30.
| - First, an operation of the registration inétruction part 2691. shown in Fig. 26
for instructing the execution right generation cycle table 2692 to register ihe server
ID, Titv and Tofs.

| It is assumed hére that the execution right generation cycle table 2692 already
registers the server IDs, Titv and Tofs of the plurality of servers 2602. At this time,
the client 2701 transmits. the resource acquisition request 31 shown in Fig. 20, to
declare the server ID and .Treq of a deéired sérVer 2762 to the video information
ﬁroviding unit 2700. '

The registration instruction part 2691 fecognizes the informa{ion providability
of the servers (1 to m) 2702 and the transmittability of the transmission path 2703,
and makes determinations as to the following items (a) and (b):

(a) whether or not the information providability of the specified server 2702 is
capable of providing information when already registered Titv is updated to a new

Titv including the declared Treq; and
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(b) whether or giot the transmittability of the transmission path 2703 is capable

of transmitting information provided from the servers (1 to m) | 2702 when the
already registered Titv is deated to the new Titv including' the declared Treq.

If determinations of YES are made as to both of the above items (a) and .(b),
the registration instruction part 2691 instructs the execution right generation cycle
table 2692 to update the already registered Titv of the specified server 2702 to a
new Titv 'calculéted by the following expression (9), and transmits the resource
acquisition response 32 to the client 2701, thereby infdrming the client 2701 of
accebtan'ce of the request:

Titv=1/(1/Titv+1/Treq) --+(9)

The registration instruction part 2691 further instructs the execution fight
generation cycle table 2692 to update the Tofs to a new Tofs calculated by the
following expression (10). |

Tofs=Tofs+(Titv(new)-Titv(old)) ---(10)
where Titv(new) and Titv(old) represent the updated Titv and the Titv not yet
updated respectively.

If at least one of the determinations is of NQ, on the other hand, the
regfstration instruction part 2691 transmits the resource acquisition response 32 to
the client 2701, to inforr_n the client 2701 of no acceptance of the réquest.

When the determinations -are of YES as to both of the above items (a) and (b)
~ while the server ID of the speciﬁéd_ server 2702 is not registered in the ‘execution
right generation cycle table 2692, the registration instruction part 2691 instructs the
execution righ_t generatioh lcycle table 2692 to newly register the server ID, Titv aﬁd
Tofs. In this case, the declared Treq and "O" are registered as the Titv and the

Tofs respectively.



-96-
The operatlon of the execution right generation part 2693 for generatmg the

execution right on the basis of the Titv and the Tofs registered in the execution
right generation cycle table 2692 is similar to that described in the sixth
embodiment with reference to Fig. 24. However, the execution right generation
cycle table 2692 registers the server IDs, Tit\) and Tofs of the plufality of servers
(1 to m) 2702 in the aforementioned manner, dissimilarly to that in the sixth
embodiment. .

This embodiment is different from the sixth embodiment aléo in a point that the
new Tofs is calculated by the following expreésion (11) at the step S4 in Fig. 24,
in place of the expression (6):

Tofs=Tofs+Titv ---(11)

Similarly, this embodiment is different from the sixth em_bodimeni also in a

'point that the Nsit is calculated by the following expréssion (12) at the step Sé, in
| piace of the expression (7):- |

Nsft=F(Titv/Tslt) ---(12)
where f(x) represents 'the minimurﬁ integer exceeding x.

Thgﬁ, the execution instruction part 2695 selects the execution right on the
basis' of the provided evaluation index, acquires the read request to the server
2702 cofresponding to the selected execution right among those queued in the
processing queue 26_94, and instructs the corresponding server 2702 to execute the
read request. The operation of the executioh instruction part 2695 at this time is
similar to that described in the sixth émbodiment with reference to. Fig. 25.
However, a count Valug C is a total number of times of the execution instruction
part 2695 instructing execution to all servers (1 to. m) 2702, and Nmax is the

number of read requests corresponding to the maximum information quantity
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transmittable through the transmission path 2703 within a time equal to the cycle

Tsit.

When video information is provided in the_aforementionéd manner and the
prov‘iéion is completed, the client 2701 transmits _the resource release request 35
shown in Fig. 20__similarly to the client 1921 in the sixth embodiment, thereby
informing the video information providing unit 2700 of the fact that the desired video
information has been completely received. However, the server ID and Treq are
added to the resource release request 35 transmitted by the client 2701, and the
registration instructioh part 2691 shown in Fig. 26 instructs the execution right
generation cycle table 2692 to update the registered Titv to a new Titv calculated
by the followiﬁg expression (13): | |

Titv=1/(1/Titv-1/Treq) ---(13)

The registration instructfon part 2691 instructs the execution right g’eneration.
cycle table 2692 to update the Tofs to a new Tofs éalculated by the above
expression (10). |

According to this embodiment, as hereinabove described, _operétions similar
to those in the sixth embodiment are performed in case of scheduling read requests
so that video_ information is cyclically provided from the pldrality of servers (1 to m)
2702 to the client 2701. When the client declares updating of an already
registered cycle Titv for generating the execution right 6f a certain server 2702 to
that for generating the execution right in the cycle Treq, further, the registration
instruction part 2691 instructs the execution right generation cycle table 2692 .to
update the registered Titv to the new cycle Titv calculated by the above expression
(9) only when the transmittability of the transmission path 2703 is capable of

transmitting the informaﬁon provided from all servers (1 to m) 2702 even if the
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already registered Titv is updated to the new Titv including the declared Treq.

Thus, it is possible to prevent increase of the number of the remaining
execution rights with time due to the average number of the generated execution
rights Tslt exceeding the trénsmiﬁability of the transmission path- when the
registered cycle is upcjated.

When the client 2701 declares updating of an already registered cycle Titv for
generating the execution right of a certain server 2702 to that for generating the
execution right excluding the cycle Treq,.the registration instruction- part 2691
instructs the execution right generatidn cycle table 2692 to update the registered
Titv to the new cycle Titv calculated by the above expression (13).

Thus, when the client 2701 declares updating of an already registered cycle
for generating the execution right to that for generatirig the execution right
'excluding that generated in the cycle Treq, the already registered cycle can be
updated to the new one.

While only a single client 2701 having a plurality of buffers and a plurality of
monitors is included in this embodiment, a plurality of clients 2701 each having a
single buffer and a singlé monitor may alternatively be included through the
common transmission path 2703. In this case, however, the respective clients 2701
must transmit read requests in determined dycles respectively.

While the requests are scheduled due to the limit of the transmittability of the
transmission path 2703 in this embodiment, the requests may -alternatively be
scheduled due to a limit of receivability (c‘apacitie_s and processing speeds of the
buffers etc.) of the client 2701..

While the execution right generation parts 1813 and 2693 and the. execution

instruction parts 1815 and 2695 are started in the cycles Tslit in the sixth and
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seventh embodiments, these parts may alternatively be started in different cycles.

While Nmax represents the: maximum number of read requests executable by
the server 1922 in the time equal to the cycle Tslt in the sixth embodiment, Nmax
may alternatively représent the maximum number of read requests executable by
the server 1922 in a unit time. While Nmax similarly represents the maximum
number of read 'requests corresponding to the information quantity transmittable
through the transmission path 2703 in ‘the time equal to the cyéle Tslt in the
seventh embodiment, Nmax may alternatively represent.the maximum number of
read requests corresponding to the information quantity transmittable through the
ransmission path 2703 in a unit time.

Scheduling may be so performed that a plurality_of servers cyclically provide.
video infdnnation to a plurality of clients respectivély by employing still another
scheduling unit including the scheduling units shown in #igs. 18 and 26. Namely,
the scheduling unit shown in Fig. 18 first generates the execution rights for the
respective clieﬁfs, then selects the execution right of a certain client among the
genefated- ones, and inputs the read request corresponding to this execution right
in the scheduling unit shown in Fig. 26. Then, the scheduling unit shown in Fig.
26 generates execution rights for the respective servers, selects the execution right
of a certain server among the generated ones, and instructs the server to execute
the inputted read request. |

While the execution right generation parts 1813 and 2693 calculate Nsft by
the above expressions (7) and (12) respectively in the sixth and seventh
embodiments, Nsft may. be defined by integer parts of values obtained by dividing
Treq by Tsit.

Further, the execution right generation cycle tables 1812 and 2692 may
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register Tnext indicating times for generating the next execution rights in place of

the execution right generation. cycle offsets Tofs so that the execution right
generation parts .1813 and 2693 generate execution rights when the current times
match with Tnext.

While the execution right generation parts 1813 and 2693 calculate Nsft and
the execution instruction parts 1815 and 2695 select execution rights having
smaller Nsft, the execution right generation parts 1813.and 2693 may alternatively
calculate the aforementioned Tnext so that the execution instruction parts 1815 and
2695 select execution rights having Tnext closer to.the current times.

While the execution instruction parts 1815 and 2695 instruct the execution
right queues 1816 and 2696 to decrement Nsft of the remaining execution rights
when the count values are greater than or équal to Nmax, still another execution
right queue shown in Fig. 31 may.altematively be employed in pIacé of the
execution right queues 1816 and 2696 so that the execution instruction parts 1815
and 2695 instruct this execution right queue to displace a bointer when the count
values C are greater than or equal to Nmax. As shown in Fig. 31, this execution
right queue has a ring structure, so that the values of Nsft are successively
exchanged following movement of the position of the pointer. |

As hereinabove described, a file system such as a video-on-demand system
in a CATV network_or_a video edition system in a broadcast station is provided with
a server unit handling data of pictures, sounds and the like. This server unit has
a function of reading data refrieving an intemal storage unit and reading data
corresponding to a data read request received from a user términal or a client, and
. transmitting the data to the user terminal or the client requiring reading.

In order to guarantee continuity of the transmitted data, the conventional
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server unit executes data transmission after ensuring an execution right for a
resource (ability for processing or transmitting data per unit time) in the server unit
and a use right for a communication resource (ability capable of transmitting data
per unit time) between the server unit and the user terminal requiring data
acquisition matching with the quantity of the transmitted data.

However, the aforementioned conventional éerver unit ensures the resource
use right before data transmission, not only for data such as dynamic images and
sounds requiring cohtinuity but for data such as still pictures requiring no oohtinuity.
Thus, it is difficult to ensure the resource for ihe data requiring continuity as the
transmission quantity of the data requiring no continuity is increased, leading to
incapability of data transmission at the worst.

Description is now made on a server unit which can efficiently use resources
in case of transmitting data requiring no continuity while exerting no influence on
. resource assurance for trahsmitting data requiring continuity even if. the
transmission quantity of the data requiring no continuity is increased.

(Eighth Embodiment) -

Fig. 32 is. a block diagram showing the structure of a data transmission system
empléying a server unit gcoording to an eighth embodiment of the present
invention. Referring to Fig. 32, this data transmission system comprises a resource
managemen{ part 3201, a data storage part 3202, an exchange part 3203, an
input/output part 3204; and a plurality of user terminals 3208. The server unit.
éccording to this embodiment, is formed by the resource managemenf part 3201,
the data storage part 3202, the exchange part 3203 and thé input/output part 3204.
This server unit is connected with the respective temlinals'3208 through wire or

wireless transmission paths.
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The resource management part 3201 manages resources necessary for

transmitting data to the respective user terminals 3208. The data storage part 3202
includes a plurality of random-accessible storage units (such as hérd disk drives
or optical disk drivers provided with auto changers, for example) 3205, and a
plurality of MSFSs 3206 connected with the respective storage units 3205 for
controlling data reading. The exchange part 3203 exchanges data between the
input/output part 3204 and the 'dé't'a storage part 3202. According to this
embodiment, an ATM switches are employed for the éxchange_ part 3203, for
example. The input/output part 3204 ihcludes a plurality of I/O units 3207, and
controls data input/output between the server unit and the respective user terminals
3208. Each user terminal 3208 is connected to any 1/0 unit 3207.

In the aforementioned structure, the exchanée part 3203 sets a connection in
the form of a mesh between each /O unit 3207 and each MSFS 3206. The band
of each connection is managed by the resource managemént part 3201.

Fig. 33 is a block diagram showing a more d’etailed structure of each I/0 unit
3207 shown in Fig. 32. Referring to Fig. 33, the /O unit 3207 comprises a
breferential .ihputloutput control part 3301 and a non-preferential inputloutpht
control part 3302. The non-preferential input/output control part 3302 includes a
command queue 3321, al command queue control part 3322, a command
transmission part 3323, a data buffer part 3324, a buffer management part 3325,
a data transmission part 3326, and a command acceptancé part 3327.

The preferential input/output control part 3301 controls input/output of data
(hereinafter referred to as breferential data) such as dynamic image data, for
example, requiring continuity. On the other hand, the non-preferential input/output

control part 3302 controls input/output of data (hereinafter referred to as non-
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preferential data) such as still picture data, for example, requiring no continuity.

In the non-preferential input/output control part 3302, the command queue
3321 Stores commands requiring reading of non—prefereﬁtial data from the user
terminals 3208 every user terminal 3208. The command qﬁeue control part 3322
controls fetch of the command from the command queue 3321. The command
transmission part 3323 transmits the command fetched by the command queue |
control part 3322 to the corresponding destination MSFS 3206. The data buffer
part 3324 stores data read by the MS#S 3206 from the storage unit 3205. The
buffer management part 3325 counts data stored (or reserved to be stored) in the
data buffer part 3324 e\./ery user tenninél 3208 requiring reéding. "The data
transmission part 3326 transmits the data stored in the data buffer part 3324 to the
corrésponding destination user terminal 3208, and sets the area of the data buffer
part 3324 completing transmission in a space state. The command acceptance part
3327 manages whéther or not the command arriving from the user terminal 3208
is registered in the command queue 3321. | |

The operatioh of the server unit having the aforementioned stn;:cture is now
described.

First, description is made on resource initialization performed in starting of the
system. In starting of the system, the resource management part 3201 separates
and allocates resources of the respective parts in the data transmission system,
l.e., the data read band 6f 'each MSFS 3206, the communication band between
each /O unit 3207 and the exterior, the oomrﬁunication band of each ATM switch
in the exchange part 3203 etc. into: .

(1) resources (hereinafter referred to as preferential resources) used for

outputting the preferential data; and
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(2) resources (hereinafter referred to as non-preferential resources) used for

outputting the non-preferential data. Thereafter the resource managerﬁent part
3201 individually manages the respective separated resources.

The data read band of the MSFS 3206 is defined as the maximum speed of
. data readable in a predetermined delay time below a predetermined waste ratio
when re_ad data are stored at random and the data are read in response to read
reques_t's recei\/ed from the MSFS 3206 at random intervals. o

A pref'efential data output operation is now describéd. In case of requiring
output of preferential data to the server unit, each user terminal 3208 requires
assurance of a resource in a band necéssary for transmitting the. preferenﬁal data.
The preferential input/output control part 3301 receiving the reﬁuest for resource
assurance requests the resource management part 3201 to ensure the resource
while specifying the band width. The resource management part 3201 ensures the
communication band of the ATM switch, the data read band of the MSFS 3206 and
the communication 'ban_d of the VO unit 3207 from the band width previously
allocated as the preferential resource, in order to transmit the data of thé required
band width.

If the preferential resource is currently in use with no allowance for the
required band width, assurance of the resource is in fail and the server unit cannot
output the preferéritial data. If the resource is successfully ensured, on the other
hand, the communication band of the /O unit 3207, the data read band of the
MSFS 3206 and the corﬁmuni'cation band of the ATM switch of the exchange part
3203 are set in each device for the data required to be outputted by the user

terminal 3208.

When a resource assurance completion notice is received from the
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preferential input/output control | part 3301, the user terminal 3208 issues a
command requiring output of the preferential data. The preferential inputllout'putl
cdntrol part 3301 of the /O unit 3207 receiving the command executes data output
through the resource ensured for the preferential data to be outputted.

Fig. 34 is a flow chart showing the operation of the command acceptéhce part
3327 showﬁ in Fig. 33. _Fig. 35 is a flow chart showing the operation of the
command queue control part 3322 .shown in Fig. 33. Fig. 36 is a flow chart
showing the operatidn of the command transmission part 3323 shown in Fig. 33.
With reference to Figs. 34 to 36, the non-preferential data output operation is now
described.

As shown in Fig. 34, the command écceptan_ce_part 3327 receives a command
requiring reading of non-preferential data from the user terminal 3208 (step S101 ),
and determines whether or not the command queue 3321 corresponding to the user
terminal 3208 transmitting this command has a space area (step S$102). .If the
corresponding commaﬁd <jueue 3321 has no space area, the command acceptance
part 3327 rejects acceptance of the cdmmand (step S$103), and returns to the
operaiioh at the sfep S101. [f the correspondiné command queue 3321 has a
space area, on the other hand, the command acceptance part 3327 stores the
recéived command in the final part of the corresponding command queue 3321
(step S104), and oombletes its operation. The non-preferential input/output control
part 3302 may not ensure the resoufce for transmitting data to the user terminal
3208, dissimilarly to the aforementioned preferential input/output control part 3301.

As shown in Fig. 35, the comménd. queue confrol part 3322 refers to
management information stored in the buffer management part 3325, thereby

selecting a command queue corresponding to a user terminal 3208 having the -
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minimum or no data quantity stored in the data buffer part 3324 (including not only

the quantity of actually stored data but the quantity of data reserved to be stored)
from the command queue 3321 every user terminél 3208 storing commands. . If
there are a plurality of user terminals having data of the same minimum quan’iities
stored in the data buffer part 3324, a command queue having the maximum queue
length (i.e., storing the largest number of éommands) is selected. If there are a
plurality of command quéues having the same queue lengths in-this case, further,
the command queues are cyclically selected along orde}' determined by default.
Then, the command queue control part 3322.notes the selected command
queue, and defines the command stored in its head part as COM(1) (step S202).
'Then, the command queue control part 3322 sets initial valﬁes 1 and O'in a
command counter Nc and a transmission command counter Ns re'spe_cfively (step
$203). Then, the command queue control part 3322 determines whether or not the
_destinatibn MSI-;S 3206 for a command COM(Nc_) is equal to that for the command
COM(1) (step S204). If the destination MSFSs 3206 for these commands are equal
| to~ each othér, the command queue control part 3322 fetches the cbmménd
COM(Nc) from the selected command queue, and outputs the same to the
'comnjand transmission part 3323 (step S205). | Since the initial count value of the
command counter Nc is 1, the command COM(Nc) is equal to the command
COM(1) at first. Therefore, the head command COM(1) is first fetched ffom the
_sélected command queue, and outputted to the command transmission part 3323.
Then, the command queue-oontrdl part 3322 increments thé transmission
command counter Ns (step 3206). Then, the command queue control part 3322
determines whether or not the count value of the transmission command countel;

Ns is less than a predetermined threshold value N (step 8207). The count value
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of the transmission command counter Ns corresponds to the number of commands

transmitted by the command queue control part 3322 to a single MSFS 3206 from
the selected command queue. [f a. number 6f commands are substahtially_
simUltaneouély transmitted to a single MSFS 3206, congestion results in the MSFS
3206 receiving the commands, and' hence N or tmore commands are not
simultaneously transmitted from a single command queus 3321 éccordin_g to this
.embodiment. In other wdrds, the command queue control part 3322 can shift to
transmission processing for the next command in the selected command queue only
when the count value of the transmiséion comrhand counter Ns is less than the
predetermined threshold value N. |

If the count value of the transmission command counter Ns is less than the
predeterrhined threshold value N at the step $207, the commaﬁd queue control part
3322 determines whether or not a command represented by COM(Nc + ‘i) 'is
present in the selected command queue, i.e., whether or not a command to be
transmitted still exists in the selected command queue (step 8208). If the command
. COM(Nc + 1) is present in the seleded command queues, i.e., if a command to be
transmitted still exists in the selected command queue, the command queue control
part 3322 increments the command counter Nc (step S$209), ‘and .thereafter returﬁs
to the operation at the step S204. In the selected command queue, therefore, the
command stored in the next position is subjected to transmission processing to the
command transmission part 3323. Considering a command COM(2) stored in the
second position in the selected command queue, for example, this command
COM(2) is outputted to the command transmission part 3323 at the step S205 if the.
same is equal. to the command COM(1) in the head position. If the command(2)

is unequal to the command COM(1) of the head position, on the other hand, the
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steps S205 to S207 are skipped after the step S204, so that the command COM(2)

is. not outputted to the command transmission part 3323.

ifno command COM(Nc + 1). exists in the selected command queue, on the
othér hand, the command queue control part' 3322 determines whéther or not the
command transmission processing is completed, i.e., whether or not the data
corresponding to the commands outputted to the command transmission part 3323
arrive from the MSF_S 3206 at the data t;uffer part 3324 (step S210), and returns
to the operation at the step S201 if the determination ié of YES. - The command
queue control part 3322_ determines that the command transmission processing is
completed when a recei\iing mhpletion notice (refer to a step S308 in Fig. 36
described later) is-received from the command transmission pért 3323.

If the couht value of the transmiésion éommand counter Ns exceeds the
predetem’ﬁnéd threshold valu_e N at the aforementioned stép S207, the command
queue control part 3322 advances to the operation at the step S$210, and executes
no transmission procéssing for the next command. |

As shown in Fig. 36, the command transmission part 3323 receives commands
requiring'reading of non-preferent_ial data from the command queue control part
- 3323 and initializes a read completion counter Nr (step S301). - In other words, the
command transmiséion part 3323 sets the number of all commands received from
the command queue control part 3322 in the read completion counter Nr as an
initial value. Then, the command transmission part 3323 determines whether or not
commands not transmitted to the MSFS 3206 are held in the interior (step S302).-
If untransmitted commands are held, the comrﬁand transmission part 3323 selects
and notes any one 6ommand (the next command, in general) from the

“untransmitted commands as held, and determines whether or not a space area
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capable of storing data corresponding to this command is present in the data buffer

part 3324 when this data is read from the storage unit 3205 (step S303). Whether
or not a space area is present in the data buffer part 3324 can be determined by
referring to the management information (in more concrete terms,_ the pount value
of each counter) in the buffer management 'part 3325.

if a spéce area is present in the data buffer part 3324, the command
transmission part 3323 reserves an area for storing the data in the data buffer part
3324, informs the buffer management part 325 of this reservation, and transmits the
. selectéd command to the desﬁnatibn MSFS 3206 (step S304). | If the area cannot
be reserved, the command transmission part 3323 does not fransmit the command
réquiring reading of non-preferential data to the MSFS 3206 until a reservable state
is attained. By virtue of this processing, it is poséible to prevent data received ﬁom
the MSFS 3206 from being: disposed due to presence of no storage area in the
data .buffer part 3324. |

The buffer management part 3325 has a counter every user terminal 3208,
and increments the count value of the counter corresponding to the user ferminél
3208 transmitting thé command for reading the data whose storage 'areé. is
l;eserved in the data buffer part 3324 when the notice of reservation' is received
from the_comfnand transmission part 3323.

Then, the comrhand transmission part 3323 deterrﬁines whether or not the
data buffer part 3324 receives data from the MSFS 3206 (si_ep S305). If the data
buffer part 3324 receives no data from the MSFS 3206, the command transmission
part 3323 returns to the operation at the step S$302, and performs transmission
processing for the next untransmitted command. If the data buffer part 3324

receives data from the MSFS 3206, on the other hand, the command transmission
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part 3323 decrements the read completion counter Nr (step S306). Thus, it comes

to that the count value of the read completion counter Nr indicates the number of
commands for which data aré not yet completely transmitted from the MSFS 3206
among the comma_ands (i.e., all commands received from the command queue
control part 3322 this time) subjected to transmission processing this time.

Thereafter the command transmission part.3323 determines whether .br not the
count value of the read completion counter Nr reaches zéro (step S307). If the
count. value of the read completion counter Nr is ﬁot zero, the: command
transmission pért 3323 returns to the operation at the step $302, and performs
transmission processing for the next untransmitted command. If the count value of
the read completion counter Nr is zeroed, on the other hahd, the command
transmission part 3323 transmits a receiving completion notice to the command
queue control part 3322 (step S308), and completes its operation.

As clearly understood from the above description, it cofnes to that the
command transmission part 3323 does not receive the next cbmmand from the
command queue control part 3322 until all data corresponding to the transmitted
commands are completely received frbm the MSFS 3206 after transmitting all
commands fransmittec_l from the command queue control part 3322.

The MSFS 3206 receiving the commands requiring re__ading of non-preferential
data temp_orarily stores the éommands in a non-preferential command queue
provided in its interior. The MSFS 3206 fetches the commands fro_m the non-
preferential. command queue in the read band ensured as a non-preferential
resource, and executes data reading from the storage unit 3205. The read data
are transmitted through the communication band ensured between the /O unit 3207

requiring this reading and the MSFS 3206 for serving as a non-preferential
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. resource. At this time, this /O unit 3207_ does not simultaneously communicate with

a plurality of MSFSs 3206 as to the receiving of the non-preferential data, whereby |
the MSFS 3206 can transmit the data through the whole communication bands of
the non-prefe.rential resources provided in the I/O Qnit 3207.

The data arriving at the /O unit 3207 from the MSFS 3206 are stored in the
already reserved area of the data buﬁet;'part 3324. The data transmission part
3326 fetd19s the data from the data buffer part 3324 ina commﬁnication band with
the exterior of the server unit ensured as a non-preferential resource, to make the
area having'sto\red the data free. At the same time, the data transmission part
3326 informs the buffer management part 3325 of the data fetch. The buffer
management part 3325 feceiving this information decrements the counter
corresponding to the user terminal 3208 transmitting the data réad commands
fetched from the data buffer part 3324. Then, the data transmission part 3326
transmits thé fetched data to the corresponding user terminal 3208. |

According to'the eighth embodiment, as hereinabove described, the resources
of the respective parts of the system are previously separated to those (preferential
resources) used fqi’ outputting‘ the preferential data and those (non-preferential
resources) used for outputting the hon-préferential data and managed, whereby the
resources employed for reading the non-preferential data can be ensured
independently of the preferential resources. Consequently, no influence is exerted
on output of the preferential déta even if the read quantity of the non-preferential
data is increased. o

The receivability of each user terminal 3208 for the non—-preferentiai_data from
the server unit is limited. If a certain user terminal 3208 still requires reading of

non-preferential data in a quantity exceeding the reéeivability thereof, the data read
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from the storage unit 305 in response to the request from this user terminal 3208

is stored in the data buffer part 3324 in a large quantity. Consequently, the
proéessing for read requests from the remaining user terminals 3208 is retarded in
the server unit. This phenomenon is now described in more detail with reference
to a concrete example.: |

It is assumed that 10 user termihals 3208 are connected to the server unit,
each user terminai 3208 has receivability of 10 Mbps, and the communication band
between thé server unit and the exterior is 100 Mbps as ‘a whole, for example. If
a certain user terminal 3208 issues a read request for non-preferential data in a
quantity exceeding 100 Mbps to the server unit, the data buffer part 3324 is filled
with storage data for the single user teﬁinal 3208 issuing fhe réad request.
Further, the data stored in the déta buffer part 3324 at this time are reduced only
at a speed of 10 Mbps. If a read request for non-bref_erential data is received from
another user terminal 3208 und_er such circumstances, transmission processing for
the request from this user terminal 3208 cannot be executed until a space area
capable of storing read data is formed in the buffer part 3324. In this case, it is
impossible to quickly cope with a read request cbn;lmand requiring immediafen_ess.
In this cése, further, the server unit which has communicatability of 100 Mbps as
a whole provokes communicatability of only 10 Mbps in practice, and the best use
of the limited communication band cannot be made. .

According to the eighth embodiment, therefore, the management information
stored in the buffer managemént part 3325 is referred to thereby selecﬁng the
command queue corresponding to the usef terminal 3208 having the minimum
quantity of data stored in the data buffer part 3324 from the command queues 3321

for the user terminals 3208 storin_g commands for preferentially executing
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transmission processing of the commands stored in the selected command queue, .

whereby a single user terminal 3208 hardly occupies the non-preferential resources
shared by the plurality of user terminals 3208, and it is possible to make the bést
use of the communicability of the server unit for the respective user terminals 3208.

If the minimum data quantity stored in the data buffer part 3324 is in excess
of a prescribed threshold value, the command cjueQé control part 3322 may
interrupt command fetch from the selected command queue 332_1... Thus, it is
possible to further effectively prevent the data buffer part 3324 from being filled up
with data of a specific user terminal 3208, so that read requests for non-preferential
daté from the remaining user terminals 3208 can also be processed. .-

In 'the eighth embodiment, further, the .command transmission part 3323
reserves the area for storing the data .in the data buffer .part_ 3324, and thereafter
transmits the commands requiring reading of non-preferential data to thé MSFS
3206. If no storage afea can be reserved, the command transmisison pa& 3323
does not transmit the commands requiring reading. of non-preferential daté to the
MSFS 3206 until the area can be reserved. Due to the provision of such a
command _tr_'ansmission part 3323, the data received from the MSFS 3206 caﬁ be
prevented from being disposed due to no storage area in the data buffer part 3324.

In the eighth embodiment,.further, the command transmission part 3323 does
not receive the next command from the command queue control part 3322 until all
commands transmitted from the command queue control part 3322 are transmitted
and all data corresponding to the transmitted commands are completely received
frofn the MSFS 3206. Thus, the /O unit 3207 does not simultaneously
communicate with a plurality of MSFSs 3206 in relation to receiving of the non-

preferential data, whereby it is not necessary to take collision of non-preferential
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data into consideration. Further, the MSFS 3206 can transmit the data at a high

speed through all communication bands of the non-preferential resources provided
in the VO unit 3207. o
(Ninth Embodiment)

Fig. 37 is a block diagram showing a d_ata transmisison system employing a
server.unit according to a ninth embodiment of the present invention. Referring to
Fig. 37, this data transmission 'system comprises a resource management part
3701, a data storage part 3702, an exchange part 3703, én .inputloutput'part 3704,

-and a plurality of user terminals -3708. The server hnit according to this
embodiment is formed by the resource management part 3701, the data storage
part 3702, the exchange part 3703 and the input/output part 3704 This server unit
is connected with the respective terminals 3708 through wire or wireless
transmission paths.

The resource management part 3701 manages resources which are necessary
for transmitting data to the respective user terminals 3708. The data storage part
3702 includes a piurality of random-accessible storage units (optical disk drivers
prowded with auto changers, for example), and a plurality of MSFSs 3706 which
are connected to the storage units 3705 for controlling data reading. The exchange
part 3703 exchanges data between the input/output part 3704 and the data storage

- part 3702. According to this embodiment, ATM switches'are employed for the

exchange part 3703, for example. The input/output _ﬁari 3704 includes a plurality
of /O units 3707, for controlling data .inputloutput between the server unit and the

user terminals 3708. Each user terminal 3708 ié connected to any 1/0 unit 3707.

In the aforementioned structure, the exchange part 3703 sets a connection in

the form of a mesh between each /O unit 3707 and each MSFS 3706. The band
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of each connection is managed by the resource management part 3701.

The ninth embodiment is different from the aforementioned eighth embodiment
in the following points: |

First, the resource management part 3701, which separates fhe- resources of
the overall system into preferential resources and non-preferential resources for
managing the same, changes the quantities of the resources allocated as the
preferential and non-preferenti.al resources respectively in response to
increéseldecrease of the neceésary quantify of the preférential resources.

~ Communication bands of the ATM switches in the exchange part 3703 serving
as the non-preferential resources are ensured in an ABR mode. -"ABR" is a service
category discussed in "the ATM Forum", which is an industry body promoting
standardization of ATM communication. In communication through ABR, °
transmission rates are automatically adjusted by ATM layers when congestion takes
place, thereby dissolving the congestion. If there are free bands, the tranémiss_ion
rates are automatically increased to effectively utilize the communication bands.
This ABR is described in ATM Forum Traffic Management Specification Version
4.0, October 1995, ATM Forum/95-0013R8 etc.

Fig. 38 is a block diégram sl_'nqwing a more detailed structure of the /O unit
3707 in Fig. a7. Reférring to Fig. 38, the I/O unit 3707 comprises a preferential
input/output control part 3801 and a non-preferential input/output control part 3802.
The non-preferential input/output control paft 3802 includes a cémmand queue
3841, a command queue control part 3842,_a command transmission part 3843, a
data buffer part 3844, a data transmission part 3846, and- a command écceptance
part 3847. The command transmission part 3843 includes a plurality of counters

3848 and a plurality of transmission queues 3849 provided every MSFS 3706.
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The preferential input/output control part 3801 controls input/output of

preferential data such as dynamic image data. On the other hand, the non-
préferential input/output control part 3802 controls input/output of non-preferential
data such as still picture data.

In the non-preferential inputfoutput control part 3802, 'th.e command queue
3841 collectively stores commands from the user terminals 3708 requiring reading
of non-preferential data. The command queue control p_art 3'842' controls fetch of
thé commands from the command queue 3841. The coi;rimand transmission bart
3843 fransmits the commands fgtched by the command queue control paﬁ 3842 to
the corresponding destination MSFSs 3706. The data buffer part 3844 stores data
read by the MSFSs 3706 from the storage unit _3705. "The data" transmission part
3846 transmits the data stored in the data buffer pért 3844 to the corresponding
destination user terminals 3708. The command acceptanée part 3847 manages
whether or not the commands arriving from the user terminais 3708 are registered
in the command queue 3841. |

In the command: fransmission part 3843, each counter 3848 counts the
number of commands whose data do not yet arri\;e from the MSFS 3706 in the
transmitted data reading commands eveéry MSFS 3706. Each transmission queue
3849 stores the transmitted commands every MSFS 3706.

Fig. 39 is a flow chart showing the operation of the resource management part
3701 shown in Fig. 37. Fig. 40 is a flow chart showing the operation of the
- command acceptance part 3847 shown in Fig. 38. Fig. 41 is a flow chart showing
the operation of the command queue co_ﬁ'trol part 3842 shown in Fig. 38. Fig. 42
is a flow chart showing the operation of the command transmission part-3843

shown in Fig. 38. With reference to Figs. 39 to 42, the 6perations of the server
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unit accbrding to the ninth embodimeﬁt are described.

First, initialization of the resources performed in. starting of the system is
described. In starting of the system, the resource management part 3701 decides
the band width to be ensured for the non-preferential resources at the minimum
among the resources (including the data read bands of the respective MSFSs 37086,
communfcation bands. between the respecfive o uﬁits 3707 .and the exterior,
communication bands of thé respective ATM switches in the exchange part 3703
and the like) of the overall data transmission system. According to this
embodiment, the preferential resources are regularly ensured preferentially to the
non-preferential resources. Unless the minimum band width to be ensured for the
non-preferenﬁal resources is decided, therefore, no band can be ensured for the
| non-preferential resources and the non-preferential resources cannot be transmitted
if the number of read requests for the preferential data is increased. In stérting of
the system, furtl'ier, the resource management part 3701 sets ATM communication
paths between the MSFSs 3706 and.the I/O units 3707 as the non-preferential
resources by the ABR mode. |

An output operation for the preferential data is now described. In case of
" requiring output of preferential data to the server unit, each user terminal 3708
requires assurance of resources of a band nécessary for transmitting thé
preferential data. The preferential input/output control paﬁ 3801 .receiving the
" request for the resource assurance requires the resource management part 3701
to ensure the resources while specifying the band width. 'fhe resource
management part 3701 ensures a communication band of the ATM switch in the
exchange part 3703, a data read band of the MSFS 3706 and a communication

band of the /O unit 3707 from the band width previously allocated for the
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preferential resources, in order to transmit data of the required band width.

If all or most part of the bands ensured for the preferential resources is
currently in use and there is no allowance for a band width necessary for reading
and transmitting the required preferential data, the resource management part 3701
determines that a change request for the band width ensured for the preférential
resources is generated (step S401), as shown in Fig. 39. Thereafter the resource
management part 3701 determines whether or not the:afbrerfientioned minimum
band width (set in starting of the éystem) can be ensured for the non-preferential
resources if the band width for the preferential resources is changed to be
increased. If the minimum band width cannot be ensured for the non-preferential
resources when the band width for the preferential resources is increased, the
" resource management part 3701 rejects the increase of the preferential resources
(step S$4083), and retumns to the operation at the step S401. In this case, assurance
of the preferential resources ié unsuccessful and the server unit cannot execute
output of the preferential dé_ta.

If the minimum quantity can be ensured for the non-preferential resourceé
even if the band width of the preferential resources is increased, on the other hand,
the resource management part 3701 sets the. band width 6f the noh—preferential
resources allocated as the remainder of the preferential resources after change in
the MSFS 3706 and 'the /O unit 3707, and informs the command transmission part
3843 of a threshold value L of the counter 3848 (step S404). When the
preferential input/output control part 3801 completely outputs the preferential data,
the resource managemeht part 3701 reduces the corresponding band width from
the ensured preferéntial resources.

The operations of the resource management part 3701 and others are similar
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to those of the resource management part 3201 etc. shown in Fig. 32, and hence

redundant description is omitted.

An output operation for the non-preferential data is now described. When a

command requiring reading of non-preferential data is received from any user

terminal 3708 (step S501), the command acceptance part 3847 determines whether

or not the command queue 3841 h'as a free space (s_tep $502), as shown in Fig.
~40. I fhe oommand queue 3841 has no _fr_ee'space, the command acceptance part
3847 'rejects acoepténce of the command to the user terminal 3708 transmitting the
same (step 8503), and retums to the operation at the step S501. [f the command
| queue 3841 has a free space, on the other hand, the command acceptance part
3847 stores the received command in the final part of the command queue 3841
(step S504), and compietes its operatioh.

As shown in Fig..41 , the command queue control part 3842 determines
whether or not the command gqueue 3841 stores commands (step S601), and
determines whethér or not at least one of the transmission queues 3849 provided
évery MSFS 3706 is filled up (i.e., stores commands up to the tail) if the
determination is of YES (step S602). If at least one of the queues is filled up, the
command queue control part 3842 stops fetch of the commands from the command
queue 3841 until the commands are transmitted and the transmission queue 3849
has a.free space. If no transmission queue 3849 is filled up, on the other hand,
the command queue control part 3842 fetches one command from the head of the
command queue 3841, and stores th_e same in the transmission queue 3849

corresponding to the destination MSFS 3706 (step S603).

Then,: the command queue control part 3842 determines whether or not

commands: corresponding to a prescribed data quantity have been transmitted to
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the command transmission part 3843 (step S604). The prescribed data quantity is

defined as a data quantity of non-preferential resources allocated to the /O unit
3707 .at this point of time and transmittable in a predetermined time through a
smaller one of communication bands between the IfO unit 3707 and the MSFS
3706 and between the same and thé user terminal 3708. If no commands
corresponding to the prescribed data quantity have been transmitted to the
command transmission part 3843, the command queue control part 3842 retumns
to the ope’ratién at the step S601, and fetches the hext command from. the
command queue 3841 for transmitting the same to the command transmission part
- 3843. When commands corresponding fo the prescribed data quantity have been
transmitted to the command transmission part '3843, on thé other hand, the
command queue control paﬁ 3842 stops transmission 6f the commands from the
command dueue 3841 to the command transmission part 3843 for the time T (step
S605). | |
Assuming that the comrﬁUnication band for the non-preferential resources for
-t'he IO unit 3707 for outputting data to the exterior of the server unit is M (KB/s),
the communication band for the non-preférential resources for the VO unit 3707 for
receiving read data from the MSFS 3706 is N (Kb/r), the quantity of data read
through a single read request_ command is S (KB) and M > N, for example, it comes
to that the command queue control part 3842 fetches commands from the command
- cjueue 3841 in a cycle of S/N (sec.) and transmits the same to the command
" transmission part 3843.
As shown in Fig. 42, the command fransmission part 3843 initializes a value
i expressing the destination MSFS 3706 for the command, i.e., sets the value i at

1 (step S701). Then, the command transmission part 3843 determines whether or
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not a count value Co(i) of an i-th counter 3848 is less than the threshold value L
(set at the step S404) set by the resource management part 3701 (step S702). If
the count value Co(ii is less than the threshold value L (i.e., if Co(i) > L), the
cnmmand transmission part 3843 increments the count vaiUe Co(i) of the i-th
counter 3848 (step S703), and fetches a single command from the i-th transmission
queue 3849 for transmitting the same to the corresponding.destination MSFS 3706
(step S704). Then, the command transmission part 3843 increments'the value i
(step 8705). | |

Thereafter the command transmission part 3843 dete_rmines whether or not the
data buffer part 3844 receives read data from the MSFS 3706 (step S706), and
decrements the dount value of the counter 3848 corresponding to the MSFS 3706
to which the received data is transmitted if the determination is of YES (step S707_);
Then, the command transmission part 3843 determines whether or not the vaiue
i is greater than the total number of the MSFSs 3706 (step S708). If the value i is
not more than the total number of the MSFSs 3706, thg coininand transmission part
3843 returns to the operation at the step S702, and executes command.
_ transinission processing to the next transmission queue 3849.

If the count value Co(i) of the i-th counter 3848 is in excess of the threshold
value L (i.e., if Co(i) > L) at the aforementioned step S702, the command
transmission part 3843 transmits no command to the corresponding i-th
transmission queué 3849, in order to avoid concentration of read processing to a
single MSFS 3706 and residénce of commands in this MSFS 3706.
| If the value i is greater than the total number of the MSFSs 3706 at the step
S708, the command transmission part 3843 returns to the operation at the ste'p

S701. Therefore, the value i is set at the initial value 1, and the aforementioned
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series of operations are repeated. Thus, the command transmission part 3843

successively searches for the plurality of transmission queues 3849 from the first
one, and fétches only one command if a noted tranémission queue 3849 stores
commands for transmitting the same to the corresponding destination MSFS 3706.
Thus, the respective _MSF'Ss 3706 uniformly perform read processing, whereby it
is poésiblé to prevent concentration of loads to any one MSFS 3706. Even if read
réquests from the user terminals 3708 are concentrat_ed to a single MSFS 3706,
command transmission processing for this MSFS 3706 is étopped when the. number.
~of unprocessed commands (commands whose data reading is not yet executed)
with respect to this MSFS 3706 exceeds the threshold value L. Thus, it is also
possible to cope with such an unexpected accident. |

The MSFS 3706 receiving a non-preferential data read request temporarily
stores this réquest in the internal non-preferential command queue. Then, this
MSFS- 3706 fetches the command from the non-preferential command queue in a
‘read band ensure_d for the non-preferential resdurces and executes data reading.

The read data is transmitted through the oommunicatfon path. ensured
between the /O unit 3707 requiring the reading and the MSFS 3706 in the ABR
mode as a non-prc_aferentiél resource. -

The data from the MSFS 3706 arriving at the I/O unit 3707 is stored in the
data buffer part 3844. At this time, the count value 'of the counter 3848
corresponding to the transmission MSFS 3706 is decremented (thé above step
-~ 8707). |

The data transmission part 3846 fetches the data from the data buffer part
3844 along the communication band with the exterior of the server unit ensured as

a non-preferential resource, and transmits the fetched data to the corresponding
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user terminal 3708.

According to the ninth embodiment, as hereinabove described; all resources
not used as preferential resources are managed as non-preferential resources so
that preferential resources are allocated from the non-preferential resources under
conditions that the number of the non-preferential resources is. not below the
prescribed resource quantity (minimum band width), whereby input/output of the
preferential data is not inﬂﬁenced e\)en if reading of the non-preferential data is
increased, while reading of the n_on-preferentiel data is efficiently executed since
all unused resources are used as non-preferential resources.

In the aforementioned ninth embodiment, the MSFSs 3706 asynchronously
operate and hence data transmltted to the /O units 3707 from these MSFSs 3706
may collide with each other to result in congestion in the ATM swntc_:hes provided
in the exchange part 3703. In the ninth embodiment, hewever, the communication
bands of the ATM switches serving as non-preferential resources are ensured in
the ABR mode so that the MSFSs 3706 reading data transmit the data through the
communication .baths ensured in the ABR mode. Even if coﬁgestion takes place,
therefore, the transmission rates from the MSFSs 3706 are immediately reduced
to solve the problem of congestion. Therefore, the I/O units 3707 can regularly
normally receive the data. If the communication bands have free spaces due to
release from the function as preferential resources, the transmission rates are
|mmed|ate|y increased for effectively utlllzmg the bands.

According to the aforementioned ninth embodiment,'further, the commands are
sdceessively fetched from the head of the command queue 3841 in such a cycle
that the data quantity required by the data read commands is equal to the smaller

one of the communication band for serving as a non-preferential resource for the
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VO unit 3707 for outputting data to the exterior of the server unit and that for the

non-preferential resource for the IO unit 3707 for receiving tﬁe read data from the
MSFé 3707. Thus, an average band used by the data transmitted from the MSFS
3706 is equal to or less than the communication band for the ATM sWitch for
communiéating with the MSFS 3706, whereby an effect of suppressing congestion
of the ATM switchés resulting from déta transhission of the MSFS 3706 can be
expected. Further, an average band used by the data trarismftted from the MSFS
37d6 is also equal to or less than the communication bahd for 'serving. as a non-
preferential résourcé for outputting the data to the exterior of the server unit,
whereby increase of the quantity of the data stored in the data buffer part 3844 in
the I/O unit 3707 can be suppressed. | | |

In the aforementionéd ninth embodiment, further, the command transmission
part 3843 tranémits commands in a noted transmiséion queue 3849' to the MSFS
3706 only when the count value of the counter 3848 corresponding to the noted
transmission queue 3849 is less than the predeteﬁnined threshold value L, whereby
the number of data which may be simultaneously transmitted from the MSFS 3706
" is limited and an eﬁed of suppressing congestion of the ATM switches can be
expected. .

While the 'commahds are fetched from the internal hon-preferential command
queue for executing data reading in the read band ensured as a non-preferential
resource in the ninth embodiment, the comménds may alternatively be fetched from
the non-preferential command queue for e*écuting readihg of thé non-preferential
| data when no /O processing of data is péfformed for the preferential resources.
In this case, it is not necessary to inform the MSFSs 3706 of the data read bands

serving as non-preferential resources in case of change of the band width of the
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non-preferential resources

While the counter 3848 and the transmlssmn queue 3849 are provnded every
MSFS 3706 in the aforementloned ninth embodiment, the number of data which
may be sumultaneously transmltted from the MSFSs 3706 is I.|m|ted similarly to the
ninth embodiment also when a single counter and a single transmission queue are |
provided every VO unit 3707 with no attention to the transmission MSFS, and an
effect of sdppreseing congestion of the ATM swiiches can be expected. When data
read requests from the user terminals 3708 are concentrated to a specific MSFS.
3706 to some extent, however, the read efficiency may conceivably be deteriorated.
‘This is because the requests cannot be transmitted to the MSFS 3706 by the
threshold control of the count value of the counter 3848 if data from the MSFS
3706 to which the requests are concentrated are not received, although a response
must be immediately obtainable if a request can be transmitted to an MSFS 3706
to which no requests are concentrated.

In general, a user of a file system specifies the range of aoquired file' data and
transmite a data transmission request to a server in the file system. The server
transmits all file data in the range specified by the data transmission request to the
user. In the conventional file system, the user can perform an operation of
interrupting data transmission processing which is under e%ecution.by- the server,
while he cannot perform an operation of ‘temporarily stopping data transmiss'ion
processing in execution and resuming'the temporarily stopped data transmission
processing. '

In a file system handlihg digitized dynamic image data, continuous
transmission processing of the data at an arbitrary data transmission speed is

inevitable. In relation to such a file system hahdling dynamic image data, the draft
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of ISO/IEC standard 13818-9 defines temporary stop and resume operations of

- continuous trar'\smission, of data in relation to a single dynamic image file.
According to this draft, it is defined that data transmission is temporarily stopped
by "DSM stream pause”, and resumed by "DSM stre.am resume”.

In relation to the pause for temporarily stopping continuous transmission of
data at a certain transmission speed and pause | rélease for reéuming the
temporarily stoppéd data trahsmission in the conventional file system handling
dynamic image data, however, no pause control systém of resuming the data
transmission at an arbitrarilj specified data transmission speed in pause release
has been established.. | | |

in the conventional file system, further, a time necessary for data acquisition
in case of resuming data transmission by pause release is taken into consideration.
if the data transmission rate is changed around the pause processing, therefore,
this may result in insufficiency of data necessary for continuous tranémiséion,
overflow of the acquired data from a buffer, and necessity for a time for the file_.
system for acquiring next data before resuming of data transmission.

Description is now made on an embodiment which causes no data
_insufficiency in data transmission and can reduce the time up to resuming also
when th_e transmission speed after pause release is arbitrarily specified in a file
system for temporarily stopping and resuming continuous transmission brocessing
of data.

(Tenth Embodiment)

Fig. 43 is a block diagram showing the structure of a file éystem according to

a tenth embodiment of the present invention. Referring to Fig. 43, this file system

comprises a server unit 4301 and a data storage unit 4302.
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The data storage unit 4302 stores data managed by the server unit 4301 and

-used by a user 4303. The user 4303 issues a data transmission request requiring
transmission of data in a specified range, a pause request. requiring temporarily
stop of data transmission, and a pause release request requiring resuming of the
temporarily stopped data transmission. The server unit 4301 is adapted to receive
the daté transmission request from the user 4303, acquire déta from the data
storage unit 4303, and transmit the data to the user 4303, and includes a data
transmission part 4310, a daté acquisition part 4311, a buffer 4312, a buffer
management pért 4313, and a pausé 6ontrol part 4314.

The data acquisition part 4311 acquires data from the data storage unit 4302
successively from a specified position and continuously at a specified speed. The
buffer 4312 stores the data acquired from the data storage Qnit_ 4302. The buffer
management part 4313 operates the data stored in the buffer 4312 and manages
the data quantity. The data transmission part 4310 transmits the data stored in the
buffer 4312 to the user 4303 in the specified order continuously at the specified
arbitrary transmisison speed. The pause control part 4314 receives the pause
'request and the pause release request from thé user 4303 and controls the data
transrhission part 4310, the data a_cduisition part 4311 and the. buffer management
part 4313. It is'assﬁmed that_éll data handled by the server unit 4301 and the data
storage unit 4302 are operated in units of blocks of fixed lengths, and block
numbers indicating the'positions in the data are continuously provided to the
reépective bIocks. | |

Fig. 44 is a timing diagram showing the relation between the data
transmission request, data acquisition requests and data transmission in a data

transmission operation of the server unit 4301. - With reference to Fig. 44, the
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operation of the server unit 4301 accepting the data transmission request from the

user 4303 is described..

Referring to Fig. 44, reference numerals 4441 and 4442 denote time bases,
corresponding vertical pdsitions of which express identical times. Reference
numeral 4431- denotes the data transmission request from the user 4303 accepted
by the servef unit 4301 and the acceptance time. Reference numerals 4401A to
'4403A. denote data acquisition feqheéts issued by the data acquisition part 4311
to the data storage unit 4302 and the issuance times. Reference numerals 4411A
to 4413A denote data acquired by the data acquisition requests 4401A to 4403A
and tifnes when the data transmission part 4310 transmits the data to the user
4303. Reference numeral 4421 denotes the maximum time between the issuance
of the data acquisition request 4401 and .storage.of the corresponding data 4411A
in thé buffer 4312. Reference numerals 4451 to 4454 denote time intervals at
which the data transmission part 4310 transmits the data t_o. t_he user 4303.

The user 4303 issues the data transmission request 4431, and specifies the
data range and the transmission Speed for transmitting the data. The data range
is specified by a start block number and an end block number. The data
transmission speed is specified by a data transmission interval (hereinafter reféned
to as Tsd) which is an average time interval between the transmitted blocks.

When the data transmission request 4431 is accepted, the data acquisition
pér't 4311 issues the data acquisition request 4401A for acquiring_:a single block
corre'spondihg to the start block number specified by this data transmission request
4431. After a lapse of the data transmission interval Tsd from the issuance time
for the data acquisition request 4401A, the data acquisition part 4311 issues the

data acquisition request 4402A for acquiring the next single block to the data
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storage unit 4302. Through a similar procedure, the data acquisition part 4311

repeatedly issues data transmission requests until the end block number specified
by the data transmission request 4431 is reached.

The blocks aoquired from the data storage unit 4302 by the data acquisition
request 4401A are stored in the buffer 4312. A data acquisition time D, which is
the maximum time between issuance of a data acduis'ition request-by the data
acquisition part 4311 and storage of the corresponding single block in the buffer
4312, is a known value. | Namely, it is gUaranteed that the specified single block
can necessarily be acquired in this data acquisition time D.

The block acquired by the d_ata acquisition request 4401A and stored in the
buffer 4312 is transmitted by the data transmission part 4310 to the user 4303 at
the data transmission time 4411A after a lapse of the data acquisition time D from
the issuance time for the data acquisition request 4401A. Similarly, the block
acquired by the data acquisjtion 'request' 4402A is transmitted from the data
transmission part 4310 to the user 4303 at the transmission time 4412A after a
lapse of the data acquisition time D from the issuance time-for the data acquisition
request 4402A. Through_ a similar procedure, data transmission is coht_inuously
performed until data corresponding to the end block number specified by the data
transmission requést 4431 is transmitted. Due to the aforementioned operation,
continuous data 'transmissioh at the arbitrary data transmission speed spe_cified by
the user 4303 is impleménted.

Fig. 45is a timing diagrarh showing the relatioﬁ between a data transmission
request, data acquisition requests and data transmission in a pause opei'ation of
the server unit 4301. With reference to Fig. 45, the operation of the pausé control

part 4314 in the server unit 4301 receiving a pause request from the user 4303 is
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described.

Referring to Fig. 45, reference numeral 4432 denotes the paL_:se request from
the user 4303 accepted by the pause control part 4314 and its acceptance time.
Reference numerals 4404A to 4406A deno_te the data acquisition requests issued
by the data acquisition part 4311 to the data storage unit 4302 and issuance times
thereof. Reference numerals 4414A and 4415A denote data required by the data
acquisition reque'sts'4044A and 4045A and times when the data transmission part
4310 transmits the data to the user 4303. Reference numeral 4422 denotes the
maximum time between the issuance. of the data acquisition request 4404A and
storage of the éorresponding data 4414A in the buffer 4312. Reference numerals
. 4455 to 4457 denote time intervals at which the data transmission part 4310
- transmits data to the user 4303.

If the pause control part 4314 accepts the pause request 4432 when the data
acquisition part 4311 is in the process of issuing the data acquisition requests
4404A fo 4406A in response to the data transmission request from the user 4303
and after the data acquisition requests 4404A ahd 4405A are issued, the_ pause
coﬁtrol part 4314 controlé the data éoduisition part 4311 to ihmediately stop
issuance of the data acquisition requests. Thus, the data acquisition reduest-
4406A is not issued from the data acquisition part 4311. Similarly, the pause
control part 4314 control$ the data transmission part 4310 to immediately stop data
transmission. The transmission times for the blocks 4414A and 441 5A -écquired by
the data acquisition request_s 4404A and 4405A are later than the pause request
acceptance time, and hence these blocks 4414A and 4415A remain stored in the
buffer 4312, and are not transmitted from the data transmission part 4310 to the

user 4303. - Due to the aforementioned operation, temporary stop of the.
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continuously transmitted data is implemented.

Fig. 46 is a timing diagram showing the relation between a data transmission
request, data acquisition requests and data transmission in a pause release
operation of the server unit 4301. With reference to Fig. 46, the operation of the
pause control part 4314 recei\)ing a pause release request from the user 4303 is
described.

Referring to Fig. 46, reference numeral 4433 denotes the pause rel_easé
reduest from the user 4303 accepted by' the pausel confrol part 4314 and its
acéeptance time. Reference numerals 4406A té 4408A denote -d.ata acquisition
requests issued by the data acquisition part 4311 to tﬁe data storage unit 4302 and
issuance times thereof. Reference numerals 4414A and 4415A denote two blocks
remaining stored in the buffer 4312 in pause processing and transmission times to
the user 4303, Reference numerals 4416A and 4417A denote data acquired by the
data acquisition requests 4406A and 4407A after pause release and times when
the data transmission part 4310 transmits the data to the user 4303. Reference
numeral 4423 denotes the maximum time D bet_weén the issuance of the data
acquisition request 4406A and storage of the corresponding data 4416A in t_he'
buffer 4312. Reference numerals 4458 to 4462 denote time intervals at which the
data transmission part 4310 transmits data to the user 4303.

The user 4303 issues the pause release reqUest_ 4433, and specifies the data
transmission speed after pause release. The data transmission speed is specified |
“ by a data transmission interval Tsd', which is an average time interval between
- transmitted blocks, .simiilarly to that in the data transmission request.

When the pause release request 4433 from the user 4303 is accepted, the

pause control part 4314 refers to the buffer management part 4313, thereby
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acquiring the number N of blocks remaining stored in the buffer 4312 after the

pause processing.

A time when the pause control part 4314 controls the data acquisition part
4311 to immediately resuhe data acquisition in response to the pause release
request 4433 is defined as a data acquisition resume time trd. Similarly, a
transmission time for a block to be subsequently transmitted among those stored
in the buffer 4312, i.e., the data transmission time 4414A in Fig. 46, is defined as
a data transmission resume tlme tsd.

. The pause control part 4314 substitutés the data acquisition resume time trd,
| the number N of blocks in the buffer 4312, the data transmission interval Tsd' after
the pause releése and the data acquisition time D in the followirig expression (14),
thereby obtaining the data transmission resume fime fsd: '

tsd=trd+D-N - Tsd' ---(14)

Then, the pause control part 4314 compares the data transmission resume
| time tsd obtained through the above expression (14) with the dafa 'acquisition
resume time trd, and decides the time 6btained through the expressioh (14) as the
data transmission resume time tsd if this data transmission resume time tsd is in
excess of the data acquisition resume time trd. If the data transmission resume
time tsd is less than the data acquisition resume time trd, on the_ other hand, the
pause control part 4314 decides a time equal to fhe data acquisition resume time
trd as the data transmission resume time tsd. .

Then, the pause control part 4314 controls the data acquisition part 4311 at
the data acquisition resume time frd to issue data acquisition requests éucoessively '
from the data achisition request 4406A for acquiring the block 4416A next to the
final block 4415A stored in the buffer 4312 up to the end block. Similarly, the
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pause control part 4314 controls the data transmission part 4310 at the decided

data transmission resume time tsd to immediately transmit the data successively
from the head block 4414A stored in the buffer 4312 up to the end block.

According to the tenth embodiment, as hereinabove described, the pause
control part 4314 obtains the data transmission resume time through the above
expression (14) when an arbitrary transmission speed is specified as the data
transmission speed after pause release, whereby the data are not interrupted after
pause release but can be transmitted at the specified transmission speed.
(Eleventh Embodiment) |

A file system according to an eleventh embodiment of the preserii invention
is now described with reference to the drawings. The eleventh embodiment is
similar in overall structure to the tenth embodiment shown in Fig. 43, except
functions of respective blocks. Therefore, the eleventh embodiment is now'
described with reference to the structure of the tenth embodiment shown in Fig. 43.

In the eleventh embodiment, .an operation of a server unit 4301 accepting a
data transmission request from a usei' 4303 is identical to tiie operation of the tenth
emBodiment described with reference to Fig. 44 Similarly, an operation of a pause
control part 4314 receiving a pause request from-the user 4303 is identical to that

_of the tenth embodiment desqibed W|th refereﬁce to Fig. 45. Therefore, description
of these operations is omitted.

Fig. 47 is a timing diagram showing the relation between a data transmission
request, data acquisition requests .a_nd data transmission in a pause release
operation of the server unit 4301. With reference to Fig. 47, the operation of the
pause control part 4314 accepting a pause release request from the user 4303 is

now described.
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Referring to Fig. 47, reference numerals 4741 and 4742 denote time bases,

vertical corresponding positions of which express the same times. Reference
numeral 4733 denotes the pauée release requeét from the user 4303 accepted by
the pause control part 4314 and its éoceptance time. Reference numerals 4706B
and 4707B denote data acquisition requests issued by the data acquisition part
4311 for a data siorage unit 4302 and issuance times thereof. Reference numerals
4714B and 47158 denoje two blocks remai.ning stored in a buﬁer 4312 in pa.use
processing and transmission times to the user 4363. Réference numerals 4716B
and 4717B denote data acq_uiréd by the data acquisition requests 4706B and
4707B and times when the data transmission part 4310 transmits the data to the
user 4303, Reference numeral 4724 denotes the maximum time D between
issuance of the data 'a_cquisition request 4706B and storage of the corfesponding
data 4716B in the buffer 4312. Reference numerals 4763 to 4766 denote time
intervals at which the data transmission part 4310 transmits data to the user 4303.

The user 4303 issues the pause releaée request 4733, and specifies a data
transmission speed after pause releas_e. The data transmission speed is specified
by a data transmission interval fsd' which is an average time interval between
transmitted blocks, similarly to the case of the data transmission request.

When the pause release request 4733 from the user 4733 is accepted, the
pause control part 4314 refers to a buffer management part 4313, and acquires the
humber N of blocks remaining stored in the buffer 4312 after pause processing;

A time when the pause control part 4314 controls the data acquisition part
4311 to immediately resume data acquisition in response to the pause release
request 4733 is defined as a data acquisition resume time trd. Similarly, a

transmission time for a block to be subsequently transmitted among those stored

[l
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" in the buffer 4312, i.e., the data transmission time 4714B in Fig. 47, is defined as

a data transmission resumé time tsd.

The pause control part 4314 substitutes the data transmission resume time
tsd, the number N of blocks lin thg buffer 4312, the data transmission interval Tsd'
after pause release and a data acquisition time D in the following expression (15),
theréby obtaining t_he data acquisition resume time trd:

" trd=tsd+N - Tsd-D -+-(15)

The pause control part 4314 compares the data acquiéition resume time trd
obtained through the above expression (15) with the data trénsmission resume time
tsd, and decides the time obtained througﬁ the expression (15) as the data
acquisition resume time trd if this data acquisition resume time trd is in excess 6f
the data transmission resume time tsd. If the data acquisition resume time trd is
less than the data transmission resume time tsd, on the other hand, the pause
control part 4314 obtains the.dat.a transmission resume time tsd by substituting the
data acquisition resume time trd, the number N qf blocks in the buffer 4312, the
data transmission interval Tsd' after pause release and the data acquisition time
D, where the tenth embodiment is applied. _

The pausé control part_ 4314 controls the data acquisition part 4311 at the
-decided data _acquis'ition resume time trd to issue data acquisition requests
successively from the data acquisition request 4706A for acquiring the block 4716B
next to the final block 4715B storéd in the buffer 4312 up to the end block.
Similarly, the pause control part 4314 controls the data transmission part 4310 at
the decided data transmission resume time tsd to immédiate_ly transmit the data
successively from the head block 4714B stéred in the buffer 4312 ub to the end
block. | |
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According to the eleventh embodiment, as hereinabove described, the pause

control part 4314 obtains the data acquisition resume time through the above
expression (15) when an arbitrary transmission speed is' specified as the data
transmission speed after pause release, whereby the data are not interrupted after
pause release but can be transmitted at the specified transmission speed.
(Twelfth. Embodiment) |

A file system according to a twelfth embodiment of the present invention is
now described with reference to the drawings. The twelfth embodiment is similar
in overall structure to the tenth embodiment shown in F ig. 43, except functions of
respective blocks. Therefore, the twelfth embodiment is now described with
réference to the struéiure of the tenth embodiment shown in Fig. 43.

In the twelfth embodiment, an operation of a server unit 4301 accepting a data
transmission request from a user 4303 is identical to that in the tenth embodiment
described with reference to Fig. 44. -.Sirﬁilarly, an operation of a pause control part
4314 receiving a pause request from the user 4303 is identical to that of the tenth
embodiment described with reference to Fig. 45. Therefore, description of these
operations is omitted. |

Fig. 48 is a timing diagram for illustrating a method of calculating a data
transmission resume time in a pause release operation. Fig. 49is a timing diagram
showing the relation between a data transmission request, data acquisition requests
and data trahsmission in the pause release operation of the server unit 4301. With
reference to Fig. 48 and 49, the operation of the pause control part 4314 accepting
a pause release requeét from the user 4303 is now described.

Referring to Fig. 48, reference numerals 4841 and 4842 denote time bases, _

vertical corresponding positions of which express the same times. Reference
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numeral 4833 denotes the pause release request from the user 4303 accepted by

the pause control part 4314 and its acceptance time. Referénoe nurtleral 4806C
denotes a data acquisition request issued by the data acquisition part 4311 to a’ _
data storage unit 4302 and its scheduled issuance time.. Reference numerals-
4814C and 4815C denote two blocks remaining stored in a buffer 4312 in pause
processing and scheduled transmission times to the user 4303. Reference numeral
4816C denotes data to be acquired by the data acquisition request 4306C and a
scheduled time for the data transmission part 4310 for transmitting the. data to the
user 4303. Reference numeral 4825 denotes the.. maximum time D betwéen
issuance of the data acquisition request 4806C and storage of the ct)rresponding
data 4816C in the buffer 4312. Reference numerals 4867 and 4868 denote time
intervals at which the data transmission part 4310 transmits data to the user 4303. |

. Referring to Fig. 49, reference numeral 4833 denotes the pause release
request from the user 4303 accepted by the .pause control part 4314 and its
acceptance time. Reference numerals 4805C', 4806C and 4807C denote issuance
. times of data acquisition requests issued by the data acquisition part 4311 for a
data storage unit 4302. Reference numeral 4814C’ denotes a block remaining
stored -in the buffer 4312 after pause processing artd a transr’ntssion time to the
user 4303. Reference numerals 4815C' and 4816C denote data acquired by the
data acquisition requests 4805C' and 4806C and times when the data transmission
part 4310 transmits the data to the user 4303. Ref_erenc':e numeral 4826 denotes
the maximum time D between issuance of the data acquisition request 4805C' and
storage of the corresponding data 4815C' in the buffer 4312. Reference numerals
4869 to 4872 denote time intervals at which the data transmission part 431 0

transmits data to the user 4303.
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The user 4303 issues the pause release request 4833, and specifies a data

transmission speed after pause release. The data transmission speed is specified
by a data transmission interval Tsd' which is an average time interval between
transmitted blocks, similaﬂy to the case of the data transmission fequest.

When the pause release request 4833 from the user 4303 is accepted, the
pause control part 4314 refers to a buffer management part 4313, and acqﬁires the
number N of blocks remaining stored in the buffei' 4312 after pausé processing.

- A time when the ba_use control part 4314 controlé'thé data acquisition part
4311 to immediately resume data acquisition in response to .the pause release
request 4833 is defined as a data acquisition resume time trd. Simiiarly, a
transmission time for a block to be subsequently transmitted aanng those stored
in the buffer 4312, i.e., the data transmission time 4814C in Fig-. 48 and the data
transmission tfme’ 4814C' in Fig. 49, is defined as a data fransmission resume time
tsd.

The pause control part 4314 obtains a sﬁheduled data transmission resume
time tsd through the above expression (14). Then, the pause control part 4314
compares the séheduled data'transmissioh resume time tsd- obtained through the
- expression (14) with the data adquisition resume time trd, decides the time obtained
through -the -exprgssion (14) as the data acquisition resume time tsd when the
scheduled data transmission reéume time tsd is in excess of the data acquisition
resume time trd, and performs the following processing, similarly to the pause
release processing described above with reference to the tenth embodiment:
Namely, the péuse 6ontrol part 4314 controls the data acquisiﬁon part 4311 at the
data acquisition resume time. trd to immediately issue data acquisition requests

successively from a data acquisition request for acquiring a block next to the final
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block stored in the buffer 4312 up to the end block. Sirfilarly, the pause control

- part 4314 confrols the data transmission part 4310 at the decided data transmission
‘resume time tsd to immediately transmit the data successively from the head block
stored in the buffer 4312 ub to the end block.

If the scheduled data transmission resume time tsd obtained through the
expression (14) is less than the data acquisition resume time trd, i.e., in the case
shown in Fig. 48, the following processing is perform_ed: Namely, the pause control
part 4314 obtains af the data acquisition time 4825 in Fig. 48 the number L of
blocks which can be transmitted at the data transmission speed Tsd' after pause
release, i.e., the limit data quantity, through the following expression (16):

L= (DITsd) --+(16) |
where [X] is assuhed to be the maximum integer not exceeding X.

Then, the pause control part 4314 obtains the number Nd of blocks deleted
from the buffer 4312 through the fol!owing expression (17), and controls the buffer
management part 4313 to delete the Nd blocks obtained through the expression
(17): |

© Nd=N-L +(17)

The buffer management part 4313 deletes Nd blocks from the buffer 4312 in
order finally stored iﬁ the buffer, i.e., in order from the largest block number. Thus,
the block number in the buffe_r 4312 maiches with L. Consequently, the block
48150 shown in Fig. 48 is deleted from the buffer 43;12.

The pause control part 4314 substitutes the data acquisition resume time trd,
the block number L in the buffer 4312, the data transmission interval Tsd' after
pause release and the data acquisition time D in the following expression (18),

thereby newly obtaining a data transmission resume time tsd':
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tsd'=trd+D-L - Tsd' ---(18)

Then, the pause control part 4314 controls the data acquisition part 4311 at
the data acquisition resume time trd to issue data acquisitioﬁ requesfs succeséively .
from the data acquisition request 48050- for acquiring the block 4815C' next to the . -
final block 4814C' stored in the buffer 4312 up to the end block. Simila'rly,.the
pause control bart 4314 odntrols the data transmission part 431-b at the decided
data trénsmiss_ion resume time tsd' to immediately transmit the data successively
frbm the head block 4814C' stored in the buffer 4312 ub to the end block.

According to the 'twelfth embodiment, as hereinabove described, data
exceeding the limit data quantity are deleted from the buffer 4312 when an arbitrary
transmission speed is specified as the data transmission speed after pause release,
whereby the server unit 4301 may not have a buffer capacity-exceeding the limit
data quantity but the data can be transmitted at the specified transmission speed
with no interruption of the data. after pause release.

While the' inventiqn has been described in detail, the foregoing description is
in all aspects illustrative and not restrictive. It is undersfood that numerous other
modifications and variations can be devised without departing from the scope of the

~ invention.
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1. A file system for reading or writing data from or in a storage unit for storing
data in response to a récjuest from an exterior, comprising:

a resource management part fdr managing a maximum value of read or write
handling capacity and a used .quantity of said handling capacity, wherein

said resource management part is adapted:

to receive a get resource ‘message previously requiring assurance of a
necessary band in case of feading or writing said daté;

to determine whether or not said band being required by said get resource
. message can be ensured on a basis of éaid maximum value and said used quantity
of said handling capacify when said get resource message is received; and

to update and store said used quantity if said requifed band can be ensured

as a result of said determination.

2. The file system according to claim 1, wherein information indicating a

necessary band width is given to said get resource message as a parameter. -

3. The file system according to claim 2, wherein said information, being said
parameter of said get resource message, indicating said necessary band width
represents an interval for readinngriting a data block having a fixed length from/in

said storage unit.

4. The file system according to claim 1, wherein said band width being

ensured in accordance with said request by said get resource message is
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previously stored in said resource management part.

5. The file system according to claim 4, wherein information for identifying
whether said get resource message is for reading or writing is given to '_said get
resource message, and

said resource manage_rhent part stores two types of band quantities for
reading and writing as band qdantities being ensured in accordanbe with said

request by said get resource message.

6. The file system according to claim 1,' wherein a first delay time from a
request for reading data up to start of transmission of the data is given to said get
resource message as a parameter, and |

said resource manégement parf is adapted:

to previously store a minimum value of a delay time being warrantable by said
file system; |

to compare said first delay time with said minimum value when said get
resource message is received; and |

to ensure no band if said first delay time is shorter than said minimum value

as the result of said comparison.

7. The file system according to claim 6, further comprising a declared value
management part for checking é.parameter being given té a message arriving from
the exterior, wherein.

said declared value management part is adapted: _'

to receive a read block message being provided with a second delay tirﬁe up

to start of transmission of read data as said parameter in case of performing data
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reading;

to compare said second delay time with said first delay time when said read
block message is received; and
to decide transmission of a violation notice to a transmitter of said read block

message when said second delay time is determined to be shorter as the result of

said comparison.

8. The file system according to claim 1, further comprising a declared value
management part for checking a parameter being given to a message arriving from
the exterior, wherein

said declared value management part is adapted:

to store a minimum value of a delay time being warrantéble by said file
system, |

“to receive a read block message being provided with é second delay time up
to start of transmission of 'reéd data és said parameter in caée of performing data
réading; |

to compare said second delay time with said minimum time when éaid read
block message is received; and | _

o decide transmission of a violation notice to a transmitter of said read block
message when said second delay time is determined fo be shorter as the result of

said comparison.

9. The file system according to claim 1, wherein said get resource message
is provided with a delay time up to start of transmission of data from a read request

as a parameter, and
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said resource management part is adapted:

to calculate a band width being necessary for satisfying said delay time when
said get resource message is received; and

to compare said band width being obtained as the result of said calculation
~ with said band width to be ensured in accordance with said request by said get
resource message, for determining whether or not larger said band width can be

ensured.

10. The file system according to claim 1, further comprising a declared vaiue
management part for checking a parameter being given to a get resource message
arriving from the exterior, wherein '

said deda_rgd value management part is adapted in data writing:

to monitor a speed of data arrival;

to combare said .speed of data arrival being obtained as thé result of said
- observation with a band width being ensured when said get resource message is
accepted; ahd- |

not to perform data writing but to make a violation notice to a transmitter of
said get résodrce message when said speed of data arrival is determined to be

larger as the result of said comparison.

11. The ﬁle system according to claim 1, further cof_nprising a declared value
managerﬁent bart for ch_ecking a parameter being given to a message arriving from'
the exterior, wherein

said declared value management part is adapted:

to receive a read block message being provided with a read data quantity per
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unit time as said parameter in data reading;

to calculate a data read speed from said data quantity per unit time when said
read block message is received;

to compare said data read speed being obtained by said calculation and said
bénd width being enshred when said resource message is accepted; and

to stop said déta reading and decide transmisison of a violation notice to a

transmitter of said read block message if said data read speed is larger as the

result of said comparison.

12. The file system' according to claim 1, wherein each of said maximum
value and said used quantity of said handling capacity is a read data quantity per

'unit time.

13. The file system according to claim 12, whéréin a flag distinguishing
reading and writing from each. other and information indicating said necessary band
width are giveh to said gét resource message as parameters, and

éa_id resource management part refers to said flag when said get resource
message is received to regard a band width being decided by said parameters
being given to said get resource message as “said band Width to be ensured in
case of reading, while regarding a value obtained by muitiplying said band width
being decided by said parameters given to said get resource message by é

constant value as said band width to be ensured in case of writing.

14. The file system according to claim 1, wherein each of said maximum

value and said used quantity of said handling capacity is a write data quantity per
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unit time.

15. The file system according to claim 14, wherein a flag distinguishing
reading and writing frorr! each other and information indicating said necessary band
width are given to said get resource message as parameters, and

said resource management part refers to said flag when said get resour;:e
"message is received to regard a band width being decided by said parameters
being given to said get résource message as said band width to be ensured in
cése of writing, while regarding a value obtained by multiplying said band width
being decided by said parameters gi\)en to said get resource meséage by a

constant value as said band width"to be ensured in case of reading.

16. A file system comprising a plurality of block storage units storing data, a
single or a plurality of /O units controlling data writing or data reading in response
to a request from a user, and an exchange unit connec;ting each said block storége
unit with each said IfO unit, each said I/O unit dividing the magnitude of said data
being required by said user into blocks having fixed lengths and transmitting a
block read request to said block storage unit every block for reading said blocks,
wherein -

each said /O unit is adapted:

to set an MS arrival slot dividing time every constant time so fhat a constant
number of block read requests can be régistered in said MS arrival slot;

to allocate said MS arrival slot to séid block read request in case of
transmitting said block reéd request; |

" to calculate a time for allowing input from each said block storage unit to said
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~exchange unit on the basis of a time corresponding to said allocated MS arrival

slot; and

to give a difference tirhe between said calculated time and a current time to
said block fead request as a delay limit value and transmit the sam.e to said block
storage unit, |

whereby input. of said block being read from said block storage unit in
response to said block read request in said exchange unit is allowed after a time

of said delay limit value from arrival of said block read request at said block

storage unit.

17. The file system according to claim 16, comprising a plurality of server
units being provided with said I/O units and said block storage units in the interiors

thereof.

18. The file system according to claim 16, wherein each said I/O unit
allocates no said MS arrival slot to a block read request being not inputted in said

exchange unit émong said block read requests.

19. The file system' according to claim 16, further comprising a resource
management part managing a .maximum value of read or write handling capacity
and a used quantity of said handling capacity, wherein

said reso_‘urcé ﬁanagement part is adapted:

to receive a get resource 'message previously requiring as‘sﬁrance of a
necessary band in case'of_ performing data reading or data writiﬁg;

to determine whether or not said band being required by said get source
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message can be ensured on the basis of said maximum value and said used
quantity of said handlirig' capacity when said get resource message is received; and

to update and. store said used quantity if said -required band can be ensured
s the result of said determination, and

each said IO unit'is adapted:

to set an issuance interval for said block read requests being necessary for
reading data of said ensured band at T_min for deciding an expected slot of said
MS arrival-slot at said interval T_min when a band neceésary-for reading a file is
ensured,

to reserve said expected slot if a free space is present in said decided
expected slot;

to successively refer to an MS arrival' slot of a next time for reserving an MS
arrival slot having a free space if said decided expected slot has no free space;
and | |

to allocate said block read request to said reserved MS arrival slot in case of

data reading.

20. The file system according to claim 19, wherein each said O unit
reserves said MS arrivél.s!.ots in the order from the MS arrival slot having larger

said ensured band to the MS arrival slot having smaller said ensured band.

21. The file system according to claim 19, wherein each said I/O unit makes
MS 'arrival slot reservation in the order from the MS arrival slot whose next

expected slot arrives with earlier timing.
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22. The file system according to claim 19, wherein if an MS arrival slot being

reserved at a time before the time corresponding to said allocated MS arrival slot
and being reserved for the same said user is present as the result of said allocation
of said MS arrival slot, each said /O unit regards the reserved MS arrival slot as

an unallocated MS arrival slot and. allocates said unallocated 'MS_arrivaI slot to a

data read request from a user acquiring no resource.

23. The file system according to claim 19, wherein _each said /O unit
performs said reservation of said MS arrival slots with respect to all users whose
get resource messages are accepted, for allocating unreserved said MS arrival

slots to data read requests from users acquiring no resources.

24. The file system according to claim 1, further comprising:

a single or a plurality of block storage'uhits storing data;

a single or a plurality of YO units controlling data writing or data reading in
response to a request from a user; and

an exchange unit for connecting each said block storage unit with each said
/O unit, wherein

each said /O unit is adapted:

to divide the magnitude of data being required to be written by said user into
blocks having fixed lengths and tr_‘anémit a block read request to each said block
storage unit every said block thereby reading said blocks; and

to set a write slot being divided every constant time in correspondence to
each said block storage unit for allocating said write slot to a block write request

in case of transmitting said block write request.
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25. A method of dispersing/arranging file data in respective storage units in

a file system inputting/outputting said file data inffrom a plurality of said storage
- units, |

decides ratios for arranging said ﬁlé data in prqpbrtion lto bands 'b.eing
provided in respective said storage units for dispersing and storing said file data

in respective said storage units in accordance with said decided ratios.

26. A method of dispersing/arranging file data in réspective storage units in
a file system inputting/outputting said file data in/ffrom a plurality .of said storage
units,

decides ratios for arranging said file data in proportion to étorage capabities
being provided in respective said storage units for dispersing and storing said file

data in respective said storage units in accordance with said decided ratios.

27. A method of dispersing/arranging file data in respective storage units in
a file system inputting/outputting said file data inlfrorh a plurality of said storage _
units, | |

decides ratios for arr_anging said file data in proportion to bands and storage
capacities being provided in respective. said storage units for dispersing and storing
said file data in respective said storage units in accordance with said decided

ratios.

28. An input/output band management unit for managing input/output bands
of file data with respect to respective storage units in a file system

inputting/outputting said file data inffrom a plurality of said storage units,
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comprising:

a band management part for managing bands being provided in respective
said storage units;

' ~ a capacity management part for managing storage capacities being provided
in respective said storage units; |

a distribution ratio decision part for deciding ratios for distributing said file data
in respective said storage units in accordénée with a previously defined algorithm;

a band calculation part for deciding a band in case of integrating all said
storage units- on the basis of managemént information being held by said band
management part and said ratios of distribution being decided in said distribution
ratio decision part; |

a capacity calculation part for deciding a storagé capacity in case of
integrating -all éaid storage units on the basis of management information being
held by said capacity management part and said ratios of distribution being decided
in said distribution ratio decision part; .

' total band control part for controlling said input/output bands of all said
storage units on the basis of said value being calculated in said band calculation
part; and | |

a total capacity control part for controlling said storage capacities of all said
storage units on the basis of said value being calculated in said capacity

calculation part.

29. The input/output band management unit according to claim 28, wherein
said distribution ratio decision part decides ratios for arranging said file data in

proportion to said bands being provided in respecﬁve said storage units.
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30. The input/output band management unit according to claim 28, wherein

said distribution ratio decision part decides ratios for arranging said file data in
proportion to said storage capacities being provided in respective said storage

“units.

31. The input/output band ménagement unit according to claim 28, Wherein
said distribution ratio decision part decides ratios for arranging said file data in
. proportion to said bands and-said storage capacities being provided in respective

said storage units.

32. The input/output band management unit according to-claim 28, wherein
said band calculation part .regards a minimum value as said band in case of
integrating all said storage units among values obtained by multiplying said bands
being provided in respective said storage units by inverse numbers of said

distribution ratios being decided in said distribution ratio decision part.

33. The input/output ba_rid management unit according to claim 28, wherein
said capacity calculation part regards a minimum value as said storage capacity in
case of integrating all said storage units among values being obtained by
multiplying said storage "capacities bei_ng provided in respective said storage units
by' inverse numbers of said distribution ratios being decided in said distribution ratio

- decision part.

34. A file system for inputting/outputting file data inffrom a plurality of storage

units, comprising:
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a file attribute management part for defining band characteristics as file

attributes and managing the same; and
a band acquisition part for acquiring necessary bands in accordance with said
band characteristics of a file being managed in said file attribute management part

before inputting/outputting said file data.

35. The file system according to claim 34, embloying layout profile information
describing distribution ratios of said file data in respective said storage units as

said band characteristics of said file attributes of said ﬁ'le.

36. A file system for inputting/outputting file data inffrom a pIural'ity of storage
units, comprising:

a file open processing part for performing file open processing;

a band acquisition part for performing acquisition of ‘a band being employed
for inputting/outputting said file data; and

a data input/output-part for dividing said band being acquired' in said band

acquisition part and indivfdually allocating the same to a pIQraIity of files being _
.opened by said file open processing part, thereby simultaneousiy

inputting/outputting data of a plurality of files.

37. A file system for inputting/outputting file data inffrom a plurality of storage
units, comprising: |

a file c:open processing part for performing file open processing;

a band acquisition part for.performing acquisition of a band being employed

for inputting/outputting said file data; and
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a data input/foutput part for integratedly allocating'single said band being
acquired in said band acquisition part to a plurality of files being opened by said
file open processing part, thereby altemnately inputting/outputting data of a p!urality

of files through the same said band.

38. A scheduling r.mit for scheduling service requests so that a server
cyclically provides services to a plurality of clients, said scheduling unit comprising:
first queue for queuing service requests from said .plurality of cli'entsj '

registration means for registering cycles for generating execution rights for
said plurality of clients;

execution right generation means for generating said e*ecution rights for
execuﬁng said service requests in relation to said cycles beirrg registered in said
registration means; and

execution instruction means for instructing said server to execute service
requests from clients corresponding to said execution rights being generated by
said execution right generation means among said service requests being queued

in said first queue.'

39. The scheduling unit aecording to claim 38, wherein said execution right
- generation rrreans is started in a prescribed cycle for determining at the time of
starting whether or not said eXewtion rights are generated every said client on the
basis of said cycles for generating said execution rights, which are registered .in
said registration means, and said cycle for starting said execution right generation
means, wrlile collectively generating said execution rights for said clients who

determined to generate the execution rights.
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40. The scheduling unit according to claim 39, wherein said execution right

generation means calculates a time from a current started time up to a time for
generating next said execution right on the basis of said cycles for generating said
execution rights which is registered in said registration means and said cycle for
stérting the execution right generation means and determines whgther or not said
~ execution rights ére generated by comparing said time béing obtained by said

~ calculation with said cycle for startirig the execution right generation means.

41. The scheduling unit accdrding to claim 40, wherein said execution right
generation means generates an execution right for a client having a Tofs, which is
a time between a current started time to a time fér generating next said execution
right, being less than a cycle Tsit for starting the execution right generation means
(Tofs < Tsit) and adds a éycle Treq for generating said execution right being
registered in said registration means to said Tofs of said client, for calculating a
new Tofs for the next starting from an expression Tofs = Tofs - Tslt with respect to
said Tofs if said Tofs being ‘obtainéd by said addition is greater than or equal to

Tslt (Tofs > Tslt).

42. The schedulihg unit according to claim 41, wherein said execution right

' generation means rep_eats an operation of further generat_ing an .execution.right, :
adding said Treq to said Tofs and comparing the result with said Tslt if said Tofs
being obtained by said addition is less than said Tsit (Tofs < Tslt), and calculates

| a new Tofs for the next starting from an expression Tofs = Tofs - Tslt with respect
to said Tofs when said Tofs being obtained by said addition is greater than or

equal to said Tslt (Tofs > Tslt).
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43. The scheduling unit according to claim 41, wherein said execution right

generation means generates no execution right as to a client having a Tofs, which
is a time between a current started time and a time for generating next said
execution right, being greatér than or equal to said Tslt (Tofs > Tslt) or having a
service request being nbt queued ih-said first queue, and calculates a new Tofs
for the next starting throdgh an expression Tofs = Tofs - Tslt with respect to said

Tofs.

44. The scheduling unit according to claim 43, wherein said execution right
generation means zeroes said Tofs for next starting if said new Tofs obtained by

said calculation is less than zero (Tofs < 0).

45. The scheduling unit according to claim 39, wherein said execution
instruction means is started in a prescribed cycle for selecting an execution right
for a client having a shorter time between a current started time to a time for

generating next said execution right.

46. The scheduling unit according to claim 45, wherein said “execution right
generation means calculates an evaluation index indicating precedence as a
function of said -cycles for generating the execution rights being registered in said
registration means and providing the same to said generated execution rights, and

said execution instruction means selects aﬁ execution right to be preferentially
processed among the execution rights being generated by said execution right

‘generation means.
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47. The scheduling unit according to claim 46, wherein said execution right

generation means calculates said evaluation index Nsit by a function Nsft =
f(Treq/Tslt), where f(x) represents a minimum integer exceeding X, with respect to
said cycles Treq for generating the execution rights 'be_ing registéred in said
registration means and said cycle Tslt for starting the execution right generation
means, and | |

said exécution. instruction méans selects an execution right having smaller -

said evaluation index Nsft being provided thereto.

48. The scheduling unit according to claim 47, wherein said execution right
generation means is started in a cycle being shorter than the longest one of said

cycles being registered in said registration means.

49. The scheduling unit according to claim 47, wherein said execution right
generation means is started in a cycle being further shorter than the shortest one

of said cycles _being.registered in said registration means.

50. The scheduling unit according to claim 46, wherein said execution
instruction means includes second queue means for queuing said execution rights
‘being generatéd by said execution right genération means every- said provided
evaluation index in order of generation, for selécting the execution right having
smaller said provided evaluation index and being pfecedently genérated among

| said execution rights being-queued in said queue means.

51. - The scheduling unit according to claim 46, wherein said execution
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instruction means recogmzes a maximum number of service requests execution of

. which is instructed in starting, stops the instructions of .execution when the
execution of said service requests is instructed by a number being equal to said
maximum number, and changes said evaluation indices of remaining said execution

rights to those having higher precedence.

52. The scheduling unit according to claim 51, wherein said maximum number
of said service requests, execution of which is instr.ucted in starting, being
recognhized by said éxecution instfuction means is a maximum number. of said
service requests being executable by said server in a time belng equal to said

“ cycle for starting the execution nght generation means.

53. The scheduling unit according to claim 47, wherein said execution
instruction means recognizes a maximum number of service requests, execution of
which is instructed in starting, stops the instruction of execution when the execution
of said_ service requests is instructed by a number being eqdal to said maximum
number, and decrements said evéluation indices of the remaining said execution

rights.

54, The schedullng unit accordlng to claim 53, wherein said maximum number
of said service requests, executlon of which is instructed in starting, belng
recognized by said execution instruction means is a maximum number of said
service requests being executable by said server in a time being equal to sald

cycle for starting the execution right generation means.
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55. The scheduling unit according to claim 51, further comprising registration
instruction means for instructing said registration means to register said cycles for

generating the execution rights on the basis of declarations from said plurality of

clients.

56. The scheduling unit ac-cording to claim 55, wherein said registration
instruction means recognizes a'maximum number of the service requests, execution
of which is instructed by said execution instruction means per unit time, énd when
registration of a further cycle is declared in addition to the already registéred said
cycles, said registration instruction means instructs said registration means to
fegister said cycle if the same'determines that an average number of the generated
said execution rights per unit time is not in excess of said maximum -number even
if further registration is made, while making said cycle not registered if the same

determines otherwise.

.67. A scheduling unit for scheduling the service requests so that a pIurafity
of servers cyclically provide services to a client respectively, said scheduling unit
comprising: '

| 'ﬁrst queue means for queuing service requests to said plurality of servers;
regiétration means for registering cycles for generating _execut.ion rights for
said plurality-of servers;

eXecution_ right generation means for generating said execution rights for
executing 'said service requests in relation to said cycles being registered in said
- registration means; and

execution instruction means for instructing said servers to execute said service
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requests to said servers corresponding to said execution rights being generated by

said execution right generation means among said service requests queued in said

first queue means.

58. The scheduling unit according to claim 57, wherein said execution right
generation means is started in a prescribed cycle for determining at the time of
starting whether or not éaid execution rights are generated for respective said
servers on the basis of said cycles fc_or generating said execution rights being
registered in said registration means and said cycle for starting the execution right
generation means and collectively generating said execution rights for said servers

in which said execution rights are determined to be generated.

59, The scheduling unit according to claim 58, wherein said execution right.
generation means calculates a time from a current started time up to a time for
gerierating next said execution right on the basis of séid cycles for generating the
execution rights being registered in said registration means and said cycle for.
starting the execution right generation means and compares said time being
obtained by said calculation with said cycle for starting the execution right
generation means, thereby determining whether or not said execution rights are

generated.

60. The scheduling unit according to claim 59, wherein said execution right
generation means generates an execution right for a server having a Tofs, which
is a time between a current started tirhe to a time for generating next said execution

right, being less than a cycle Tsit for starting the execution right generation means



T .

-161- _
(Tofs < Tslt) and adds a cycle Titv for generating said execution right being

registered in said registration means to said Tofs of said server, for calculating a
- new Tofs for the next starting from an expression Tofs = Tofs - Tslt with'respect to
" said Tofs if said Tofs being obtained by said addition is greater than or equal to

said Tslt (Tofs > Tslit).

_ 61. The scheduling unit according to claim 60, wherein said execution right
generation means repeats an operation of further generating én execution right,
adding said Titv to said Tofs and comparing the result with said Tsilt if said Tofs
being obtained by said addition is less than said Tslt (Tofs < Tslt), and calculates
a new Tofs for the next starting by an expression Tofs = Tofs - Tslt with respect to
said Tofs when said Tofs being obtained from said addition is greatér than or equal

to said Tslt (Tofs > Tslt).

62. The scheduling unit according to claim 60, wherein said execution right
generation means _generates no execution right as to a server having the Tofs,
which is_fhe time between the current started time aﬁd the time for generating next
said execution right, being greater than or equal to said Tslt (T ofs.z Tslt) or having
a service request being not queued in said first queue means and calculates a new
Tofs for the next starting through an expression Tofs = Tofs - Tslt with respect to

said Tofs.

63. The scheduling unit according to claim 62, wherein said execution right
generation means zeroes said Tofs for the next stérting if said new Tofs being

obtained by said calculation is Ieés than zero (Tofs < 0).
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64. The scheduling unit according to claim 58, wherein said execution

instruction means is started in a prescribed cycle for selecting an execution right
of a server having a shorter time between a current started time to a time for

generating next said execution right.

65. The scheduling unit according to clairﬁ\64, wherein said execution right
generation means calculates an evéldation index indicating precedence as a
function of said cycles for generating execution rights .being registered in said
registration means and providing the same to said generated execution rights, and -

said execution instruction means selects an execution right to be preferentially
processed among the execution rights being generated by séid execution right

generation means on the basis of the provided evaluation index.

66. The scheduling unit a_ccording to claim 65, wherein said execution right
generation means calculates an evaluation index Nsft by a function Nsft =
f(Titv/T sli), where f(x) represents a minimum integer exceeding x, with respect to
said cycles Titv for generating execution rights being registered in said registration
means and said cycle 'i'slt for starting the execution right generation means, and

said execution instruction means selects an execution right having smaller

said evaluation index Nsft being provided'thereto.

67. The scheduling unit according to claim 66, wherein said execution right
generation means is started in a cycle being shorter than the longest one of said

cycles being registered in said registration means.
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68. The scheduling unit according to claim 66, wherein said execution right

generation means is started in a cycle being further shorter than the shortest one

of said cycles being registered in said registration means.

69. Thé scheduling unit according to claim 65, wherein said execution
instruction means includes second quéue means for queuing said execution rights
being'genera.ted by said execution ﬁght generatioh means every said provided
evaluation inde)_c in order of generation, for 'selectihg an execution right having
smaller said provided evaluation index and being precedently generated among

said execution rights being queued in said queue means.

70. The scheduling unit according to- claim 65, wherein said execution
instruction means recognizes a maximum number of service requests, execution of
which is instructed at the time of starting, 'stops instruction of execution when
executbn of said service requests is instructed by a number being equal to said
maximum number, and changes said evaluation indices of remaining said execution

rights to those having higher precedence.

71. The scheduling unit according to claim 70, wherein said maximum number
of said service requests, execution of which is instructed at the time of starting,
being recognized by said execution instruction means is a number of said service
requests corresponding to a maximum quantity of information being transmittable
from all said servers to said client in a time being equal to said cycle for starting

the execution instruction means.
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72. The scheduling unit according to claim 66, whereln said execution

lnstructlon means recognize$ a maximum number of said service requests,
execution of which is instructed at the time of starting, stops instruction of execution
when execution of said service requests is instructed by a number being equal to
said maximum number, and decrements said evaluatlon indices of remaining sald

execution rights.

73. The scheduling unit according to claim -72, wherein said maximum number
of said service requests, execution of which is instructed at the time of starting,
being recognized by said execution instruction means is a number of said service
requests corresponding to a maximum quantity of information Being. transmittable
from all said servers to said client in a time being equal to said cycle for starting

the execution instruction means.

74. The scheduling unit according to claim 70, further comprising registration
instruction means for instructing said registration means to register/update said

cycles for generating execution rights on the basis of a declaration from said client.

75. The scheduling unit according to claim 74, wherein said registration
instruetion means recognizes a maximum number of the service requests, execution
of which is instructed by said execution instruction means to all said servers per
unit tirhe, and when registration 'of a cycle of a further server is declared in addition
to already registered said cycles, said registration instruction means instructs said
registration means to register said cycle if the same determines that an average

number of generated said execution rights of all said servers per unit time is not -
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in excess of said maximum number even if further registration is made, while

making said cycle not registered if the Same determines otherwise.

76. Thé scheduling unit according to claim 74, wherein said registration
instruction means recognizes a maximum number of service requests, execution of
which is inétructed by said execution instruction means to each said server per unit
time, and when registration of a cycle of a further server is declared in addition to
already registered said cycles, said registration instruction means instructs said
registfa’tion. means to register said cycle if the same detem*nines that an average
humber of generated said execution rights of each said server per unit time is not
in excess of said maximum number of the service réquests, execution of which is
instructed by said execution instruction means to the server per unit tirﬁe, even if
further registration is made, while making said cycle not registered if the same

determines otherwise.

77. The scheduling unit according to claim 76, wherein said maximum number
of said service requests, execution of which is instructed by said execution
instruction meahs to each said server per unit time, is a maximum number of said

service requests being executable by said each server per unit time.

78. The scheduling unit accordihg to-claim 74, wherein said registration
instruction means recognizes a maximum number of service requests, execution of
which is instructed by said execution instruction means to all safd servers per unit
time, and a maximum number of said service requésts, execution of which is

instructed by said execution instruction means to each said server per unit time,
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and when a declaration is made to update a cycle Titv for generating an execution

right for a pfescribed server being already registered to a cycle for generating an
execution right with further addition of a cycle Treq, said registration instructibn
means instructs said registration means to update said cycle Titv to a new Titv
being -calculated by an exp_ression Titv = 1/(1/Titv + 1/Treq) in case of determining
that an average number of generated said execﬁtion rights of all said servers per
unit time is not in excess of a maximum number of said service requests, execution .
of which is instructed by said'execution instruction meaﬁ's to said all servers per
unit time and in case of determiriing that an average number of generated said
execution right of said server per unit time is not in excess of a maximum number
of said service _request's,. execution of which is instfucted by said execution
instruction means to said sérver per unit time, while not updating said Tit_\/ in case

of determining otherwise.

79. The scheduling unit acoordin; t-o. claim-74, wherein when a declaration
|s made to u'pdate an already registered' cycle Titv for generating an execution right
of a prescribed server to a cycle for generating an execution right while excluding
a cycle Treq, said registration _instruction means instructs said registration means
to updaté said Titv to a new Titv being calculated by an expression Titv = 1/(1/Titv -
- 1/Treq). | |

80. A server unit being conr’xecfed with a plurality of terminals through wire
or radio transmission paths for retrieving and reading corresponding data from data
being stored therein when a data read request is sent from any of said terminals

and transmitting said read data to said terminal issuing said read reduest, said
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server unit comprising:

a data storage part storing various data and being accessible at random in
respohse to read requests from said terminals;

an input/output part for controlling input/output of 'said data between said data
storage part and each said terminal; |

an exchange part for exchanging said data between said input/output part and
said data sforage part; and

a resource management part for managing resources being necessary in case
of reading data being required by said terminals from said data storage pért and
outputting the same to said terminals,

wherein said resource management part separating said resources of overall
said server unit to resources (preferential resources)'being employed for outputting
data (preferential data) for which continuity must be guaranteed to said terminals
and resdu'rces (non-preferential resources) being embloyed for outputting data
(non-preferential data) for which no continuity may be guaranteed to said terminals

to manage the same.

81. The server unit accbrding to claim 80, wherein each said terminal is
divided into a plurality of groups,

said input/output part includes a plurality of I/O units being provided every
said group of said terminal,

each said I/0 unit includes:

a preferential input/output control part executing input/output. control with:
respect to a command requiring reading of said preferential data. being sent from

said terminal of corresponding said group; and
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a non-preferential input/output control part executing inputfoutput contro} with

respebt to a command requiring reading of said non-preferential data being sent

_from said terminal of corresponding said group,

said data storage paft includes:

a plurality of storage units; and

a plurality of MSFSs being connected with each said storage unit for
controlling reading of- data from said storage unit, and

said non-preferential input/output control part inclu&es:

a command queue for témporarily_ storing commands requiring reading of said
non-preferential data being sent from said terminals of corresponding said group;

a mhmand queue control part for fetching said corﬁmands from said

command queue; |

a co_mmahd transmission part for transmitting said commands being fetched
by said command queue control part to corresponding destination of said MSFSs;

a data b_uffer part for.temporarily storing said non-preferential data being read
from said storage units by said MSFSs; and

a data transmission part for transmitting said non-preferential data being

stored in said data buffer part to said terminals.

82: The server unit according to claim-81, wherein said command queue is
provided in oorréspondence to each of' é plurality 6f terminals belonging to
corresponding said group for storing said commands from corresponding said
terminal in order of arriQél,

said command queu.e control part executes. éommand fetch processing which

selects single said command queue storing said commands from a plurality of said
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command queues while fetching a command being stored in the head of the

command queue and a command being transmitted to the same MSFS and outputs
the same to said command transmission part, |

said command transmission part:

transmité said commands being received from said command queue control
part to said MSFSs for executing the same; and

transmits a receiving completion notice to said command queue control part
when the same confirms that said data buffer part receives all read data for said
transmitted commands from said MSFSs, and

said command queue control part repeatedly executes said command fetch
processing every time the same receives said receiving completion notice from said

command transmission part.

83. The server unit according to claim 82, wherein said command queue
control part limits a number of said commands being fetched from single said
command queue to not more than a predetermined constant number in single said

command fetch processing.

- 84. The server unit according to claim 82, wherein said non-preferential
input/output control part further includes a buffer management part for managing
a used state of said déta buffer part, and

"said command queue control part decides said command queue being
selected for said command fetch processing on the basis of said used state of said

data buffer part being managed by said buffer managémént part.
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85. The server unit according to claim 84, wherein said buffer management

part is provided with a plurality of used quantity counters for counting untransmitted
data number being stored in said data buffer part every said terminal, and

said command queue control part refers to said used quantity counters of said
buffer management part before executing said command fetch processing to select
a command queue corresponding to a terminal having a minimum untransmitted

data number as a target df_ said command fetch processing.

86. The server unit according to claim 82, wherein said command
transmission part transmits a command being received from said command queue
oon_trol pért to said MSFS after reserving an area for storing said non-preferential
data being read by said MSFS in said data buffer part, and stops transmission of
said commands to said MSFS until said area for storing said non-preferential data

can be reserved in said data buffer part if said area cannot be reserved.

57. The server unit according to claim 81, wherein said command queue
control part decides cycles for outputting said commands to said comménd
transmission part on the basis of a smaller one of a communicatibn band serving
as a non—preferen_tiél resource for each said I/O unit for outputting data to each |
said terrﬁinal and a communication band serving as a non-preferential resource for
each said I/O unit for receiving said non-preferential dafa being read from said data
_storage part. |

{
88. The server unit according to claim 81, wherein said command

transmission part includes:
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a plurality of transmission queues being provided in correspondence to

respective said MSFSs for storing said commands being reéeived from said
command queue control part for respective said MSFSs; and

a plurality of proceésing number counters being provided in correspondence
to respective ones of said -transmission queues, being increménted every
transmission of said commands from corresponding said transmission gueues to
| said MSFSs and being decremented every arrival of data being fead from
corresponding séid.MSFSs at said data buffer part, thereby counting the number
of said non-preferential data not yet arriving at said data buffer part, and

said command transmission part limits the number of said édmmands being
transmitted from respective said transmission queues to said MSFSs so that said
number of unarriving non-preferential data being counted by said processing

number counters are not in excess of a prescribed threshold.

89. The server unit according to claim 80, wherein said resource
management part mahages a communication band of said exchange part, a band
for said data stbrage_ part for reading data, and a communication band for said

input/output pért for outputting data to respective said terminals as said resources.

90. The server unit according to claim 80, wherein said exchange part is
formed by an ATM switch, and
- a communication band serving as a non-prefere.ntial' resource of said ATM

switch is ensured in ah ABR mode.

91. The server unit according to claim 80, wherein said resource
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management part previously fixedly allocates parts of said resources of overall said

server unit as said preferential resources while allocating the remaining parts as

said non-preferential resources.

92. The server unit according to claim 80, wherein said resource
management part 'chahges a quantity being allocated as said preferential resources
among said resources of overall said server unit in response to read requests for

said preferéntial data from said terminals.

93. The server unit according to claim 92, wherein said resource
management part allocates all resources, which are not .anocated as said
breferential resources, among séid resources of overall said server unit as said
non-preferential resources while allocating preferential resources from resources
being allocated as said non-preferential resources in such a range that the quantity
of said non-preferential resources is not below a prescribed resource quantity when

it is necessary to increase said preferential resources.

94. Afile system for issuing a data acquisition }equest to a data storage unit
in.response to a data transmission request from a user and transmitting the data
being acqu'Lred from said data storagé_ units in accordance with said data
acquisition request to said user, said file system corr__zprising:

a data acquisition part for successively acquiring data from said data storage
unit in order from a position being speciﬁéd by said data transmission request
continuously at a specified speed;

a buffer for storing said data being acquired by said data acquisition part from
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said data storage unit;

a buffer management part for performing operation of said data being stored
in said buffer and management of a data quantity;

a data transmission part for successively reading said data being storéd in
said buffer in order being specified by said data transmission request continuously
at a specified transmission speed and transmitting the same to said usér; and

a pause control part for ret:ei.ving a pause request and a paﬁse releas_e
réquest from said user for conirolling said data transmission part, said data
acquisition part and said buffer management part, wherein

‘said pause control pért is adapted:

to control said data transmission part to immediately stop data transmission |
while controlling said data acquisition part to immediately stop data acquisition in
case of receiving said pause reqUest from said user; and

to control. said data transmission part to resume data transmission
successively in order from a head of said data being stored in said. buffer after
pause processing while controlling said data acquisition part to resume data
acquisition successively in order from data being next to the lést of said data being
sto@d in said buffer after said pause processing in case of receiving said pause

' release request from said user.

95. The file system according to claim 94, wherein said pause control part
substitutes a data acquisition resume time trd for making said data acquisition part
resume daté acquisition, a quantity N of said data being stored in said buffer after
said pause processing, a data transmission épeed V after pause release and a time

D being required by said data acquisition part for data acquisition in the following
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expression (a) in case of receiving said pause release request from said user,

thereby calculating a data transmission resume time tsd for making said data
transmission part resume data transmission:

tsd=trd+D-N/V ---(a)

'96. The file system according to claim 94, wherein said pause control part
substitutes a data ﬁansmission resume time tsd for making said data transmission
part resume data transmission, a quantity N of éaid data being stored in said buffer
_ after said pause processing, a data transmission speed V after pause release and
a time D being requiréd by said data acquisition part for data acquis;ition in the
following expression (b) in case of receiving said pause releasé requést from said
user, thereby calculating a data acquisition resume tir;1e trd for making said data
a_cquisitibn part resume data acquisition: | |

trd=tsd+N/\VV-D --+(b)

97. The file system according to claim 94, wherein when rec_ﬁeiving said pause
release requeét from said user, said pause ’control part:

determines whether or not a quantity of said data being stored in said buffer
aftef pause processing is greater than a limit data quantity being transmittable at
a data transmission speed after pause release during a time being required by said
data acquisition part for data acquisition; and |

controls said buffer management part to delete parts of data exceeding said
limit data quantity if said data quantity is greater than said limit data quantity as a
result of said-detenninétion, thereby deciding a head position of said data being

acquired by said data acquisition part after pause release.



