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· · 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 properties. 

Description of the Background Art 

A file system employed in a conventional computer has mainly h_andled ·text 

data. According to "Design of UNIX Kernel" (written by Maurice J. Bach/translated 

by Fumi Sakamoto, Yashikatsu Tada and Jun Murai; Kyoritsu Shuppan Kabushiki 

Kaisha), for example,. a file is opened with an open system call for reading or 

Wf"itin·g 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 systenis ·include video servers handling digitized video data, for 

example. Such video servers include that having a strudure of connecting a 

plurality of storage units storing video data with each other by an exchange unit, 

as desaibed in Japanese Patent Laying-Open gazette No. 07-107 425 titled "Video 

server''. A video regeneration procedure in such a video server.is described in . . . 

ISO/IEC standard 13818-6. (Committee Draft). Acc0rding to this Committee Draft, 

the video server completes preparation for continuous regeneration of pictures 

when 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.Strea.!J;l 
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Play'' or "D~M Pause Resume". In order to stop supply of the video data, the user 

tra.nsmits "DSM Stream Pause•i to the video server. 

In the conventional file system such as UNIX, however, the waiting time for 

reading is increased on the user side when a number of accesses are 

simultaneously made by users. The waiting. time for a user issuing a .read 

command for completely receiying data is unpredictable 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 pictures and sounds requiring temporal 

continuity so that each user reads a part of the data every constant time for 

regenerating the data in his terminal, it is necessary to reliably acquire the data 

within the constant time, while· the conventional file system cannot 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 pictures after acquiring 

all data. In this case, the user must hold a mass storage unit 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 provide data to a request from a user in· a qu.ick response time, and support 

users requiring various regeneration speeds. 

·. The present invention has the following characteristics to attain 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 request from an exterior, which comprises: 

a resource management part for managing the maximum value of r~ad or Write 
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handling capacity and a used quantity of the handling capacity, and 

the resource management part is adapted: 

to. receive a get resource message previously requiring assurance of a 

nece~sary band in ca·se of reading or writing the ~ata; . .. . 

_ .~o determine whether or riot the band required by the get resource message 

can be .. emsured on a basis of the maximum value and the used quantity of the 

handling .capacity when the get resource message 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 receiv~d, whereby it is 

possible to gua"!lntee delay quality as to reading or writing of files. Further, it is 

possible 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. 

The second aspect. is characterized in that, in the first aspect, 

. information indicating a n~cessary band width is given to the get resource 

message as a parameter. 

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

the information,· which is the parameter of the get resource message, 

indicating the necessary band ~dth represents an interval for ·reading /writing a 

data block having a .fixed length from/in· the storage unit. 

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

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

resource message is previously stored in the resource management part. 

II I . 
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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 

writing is given to the get resource message, and 

the resource management part stores two types of ban~ quantities for reading 

and writing as t?and quantities which are ensured in accordance with the request 

by the get resource message. 

The sixth aspect is characterized in tt_iat, ·in the first aspect, 

a first delay time from a request for reading data up to start of transmission 

of the data is given to the get resource message. 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 received; and 

to ensure no band if the first delay time is shorter than the minimum value as 

a result of the comparison. 

The seventh aspect is characterized in that, 

the sixth aspect further comprises a declared value management part for 

checking a parameter which 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 d~lay 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 value management part for 

checking a parameter which is given to a message arriving from the exterior, and 

the declared value management part is adapted: 

to store a minimum ~lue of a delay time which is warrantable by the file 

system; 

to receive a read block message which is provided with a second delay time 

up to start of transmission of re~d 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 

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 ninth 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 reques~ as a parameter, and 

the resource management part is adapted: 

to. calculate a band width which is necessary for satisfying the delay time 

when the get resource message is received; and 

to compare 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 aspect1 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 band, 

whereby a plurality of delay qualities can be supported. 

The tenth aspect is characterized in that, 

the first aspect further comprises a declared value management part for 

checking a parameter which is given to a get resource message arriving from the 

exterior, and 

the declared value management part is adapted in data writing: 

to monitor a speed of data arrival; 

to compare the speed of data arrival obtained as a result of the monitoring 

with a band width which is ensured when the get resource message is accepted; 

and 

not to perform ~ata 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 result of the comparison. 

The eleventh aspect is characterized in that, 

the first aspect furth~r comprises a declared value management part for 

checking a parameter which is given to a message arriving from the exterior,· and 

the declared value management part is adapted: 

to receive a read block message which provided with a read data quantity per 

unit Ume as the parameter in data reading; 

to calculate a data read speed from the data quantity per unit time when the 
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read block message is received; 

to compare the data read speed obtained by the calculation and the band 

width ensured when the get resource message is accepted; and 

to stop the. data reading and decide transmission c;>f a violation notice to a 

transmitter of the ret;td block ~essage if the data read speed is larger as a result 

of the comparison. 

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

a flag distinguishing reading and writing from each other and information 

· indicating the necessary band width are given to the get resource message as 

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 

reading, while regarding· a value obtained by multiplying the band width which is 

decided by the parameters given to the get resource message by a _constant value 

as the band width to be ensured in case of writing. 

The fourteenth aspect is characterized 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 c~aracterized 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. as 
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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 ~nsured in case of 

writing, while regarding a value obtained by multiplying. the band· width which is 

decided by the parameters given to the _get resource message by a constant value 

as the band width to be ensured in case of reading. 

According to the thirteenth or fifteenth aspect, as hereinabove described, a 

band· obtained by multiplying th·e required band by a constant value· is regarded as 

the band to be ensured in data writing or data reading, whereby it is not necessary 

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 pl_urality of 1/0 units. controlling data writing or data 

reading in response to a request ·from a user, and an exchange unit connecting 

eaeh block storage unit with each. 110 unit in which each of the 110 unit divides the 

magnitude of the data required· by the user into blocks having fixed lengths and 

transmitting a block read request to the bloc:k storage unit every block for reading 

the blocks, and 

·each 110 unit is· adapted: 

to set an MS arrival slot dividing time every constant time so that a constant 

number of block read requests can 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 value and transmit the same to the -block 

storage unit, 

whereby input of the block which is read from the block storage unit in 

response to the block read request in 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 block storage units in the exchange· unit can be temporally smoothed. 

Consequently, it is possible to avoid the blocks read from the plurality of block 

storage units and inputted in the exchange unit from colliding with each other on 

the input side into the 110 unit and being -discarded in the interior of the exchange 

unit. Further, fluduation caused by traffic times of the blocks can be reduced, 

whereby it is possible 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 1/0 units· and the block storage units in the inte~ors thereOf. 

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

each 1/0 unit allocates no MS arrival slot to a block read request which is not 

inputted in the exchange unit among the block read requests. 

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 previously requiring assurance of a 

necessary band in case. of perfor:ming data reading or data writi_ng; 

to d~termine 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 received; and 

to update and store the used quantity if the required band can be ensured as 

a result of the determination, and 

each 110 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 _mfn when a band necessary for reading a file is 

ensured; 

to reserve the expected slot if a. free space is present in the decided expected 

slot; 

to successively refer to an MS arrival slot ~ a next time for reserving ·an MS 

arrival slot having a free space if the decided expected slot has no free -space; and 

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

data reading. 

According to the nineteenth. aspect, as hereinabove described, the band in the 
.. 

file system is ensured when the get resource message is 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 utilized with no necessity for ensuring useless 

bands. 

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

each 1/0 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 aspect, as hereinabove described, MS arrival slot 

reservation is made in the order from that having a larger ensured band to that 

having a smaller ~ne, whereby it is possible to utilize the slot by 100 % by making 

the maximum registration number of each slot constant while guaranteeing delay 

qualities of all bands. At this time, time fluctuation of a request transmission 

number is eliminated and it is possible to most efficiently utilize the exch_ange unit. 

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

each of the 1/0 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 ilO unit regards a reserved MS arrival slot as an unallocated MS 

arrival slot as a result of the allocation of the MS arrival slot 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 allocates the unallocated MS arrival 

slot to a data read request from a user acquiring no resource. 

The twenty~third aspect is characterized in that, in ·the nineteenth aspect, 

each 1/0 unit performs the reservation of MS arrival slots with respect to all 

users whose get resource messages 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 single. or a plurality of block storage units storing data; 

a single or a plurality of 110 units controlling data writing or data reading in 

response to a request from a user; and 

an exchange unit for connecting each block storage unit with each 110 unitt 

and 

e·ach 110 · 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 every block thereby reading the blocks; and 

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 request in case 

of transmitting the block write request. 

According to the twenty-fourth aspectt as hereinabove described, · the MS 

arrival slot is allocated to· the block read request, whereby the number of blocks 

inputted from the bloCk storage units in the exchange unit can be lt:!mporally 

smoothed. Consequ~ntly, it is possible to avoid th~ blocks read from the plurality 

of block storage units and inputted in the exchange unit from colliding with each 

other on the input side to the 110 unit and being discarded in the interior 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 proportion to b~nds which are 

provided in. respeetive storage units for dispersing and storing the file data in the 

respectiv~ storage units in accordance with the decided ratios. 

According to the twenty-fifth aspect, as hereinabove desCribed, the ratios for 

arranging the file data are decided in proportion to 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 ~ 

bottleneck ·of a storage unit having low performance. 

The twenty-sixth 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, which is characterized in that: 

ratios for arranging the file data which are decided in proportion to storage 

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. 

According to the twenty-sixth aspect, as hereinabove described, the ratios for 

arranging the file data are decided in proportion to the storage capacities 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 
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bottfeneck of a storage unit having low performance. 

The twenty-seventh aspect is a method of dispersing/arranging fife data in 

respective storage units in a fife system inputting/outputting the file data in/from a 

plurality of storage units, which is characterized in that: 

ratios for arranging the file data which are decided in proportion to bands and 

storage 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. 

According to the twenty-seventh aspect; as hereinabove described, the ratios 

for arranging the file data are decided in proportion to the bands and the storage 

capacities provided in the respective storage units so that the file data are 

di~persed and stored in the respective storage units in accordance with the decided 

ratios, whereby it is possible to prevent such a· situati.on 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 uni.t having low performance:· 

The twenty-eighth aspect is 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 the file data in/from 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 managing storage· capacities 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 part 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 ratio decision part; 

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 controlling 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 calculated in the capacity calculation part. 

According to the. twenty-eighth aspect, as hereinabove described, the plurality 

.of storage units are integrated for managing the input/output 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 characterized in that, in the ·twenty-eighth aspect; 

the distribution ratio decision part decides ratios for arranging the file data in 

proportion to, the storage eapacities 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. 

According tp the twenty-ninth to thirty-first aspects, as hereinabove described, 

the ratios for distributing the file data are decided in proportion to the bands and/or 

the storage capapities provided in the respective storage units, whereby the use _ 

efficiency of the overall storage units can be optimized. 

The thirty-second aspect is characterized in that, in the twenty-ninth aspect, 

the band calculation part regards a minimum value as the band in case of 

integrating all storage units among values obtained by multiplying the bands which 

are· provided in the respective storage units by i~verse numbers of the distribution 

ratios decided in the distribution ratio decision part. 

The twenty-third aspect is characterized in that, in the twenty-eighth 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 storage capacities provided in the respective storage units by 

inverse numbers of the distribution ratios decided in the distribution ratio decision 

part. 

The thirty-fourth aspect is a file system for inputting/outputting file data in/from_ 

a plurality of storage units, which .comprises: 

a file attribute management part for defining as file attributes and managing 

band characteristics; and 

a band acquisition part for acquiring necessary bands in accordance with the 

file band characteristics managed in the file attribute management part before 

inputting/outputting the file data. 

According to the thirty-fourth aspect, as hereinabove described, the band 
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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 th~ band characteristics of. 

the respective files can be performed~ 

The thirty-fifth aspect is characterized in that, 

the thirty-fourth aspect employs layout 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 aspect is a file system for inputting/outputting file data in/from . . . 

a plurality of storage units, which comprises: 

a file open processing part for performing 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 inputting/outputting data of a 

plurality of files. 

The thirty-seventh aspect is a file system for inputting/outputting file data 

in/from a plurality of storage units, which comprises: 

a file open processing part for performing 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 integratedly allocating a single· 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 

described, the degree of freedom of bands 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 requests 

so that a server cyclically provides services to a plurality of clients, which 

comprises: 

first queue for queuing service requests from the plurality of clients; 

registration part for registering cycles for generating execution rights for the 

plurality of clients; 

execution right generation part for generating the execution rights for 

executing the service requests in relation to the cydes registered in the registration 

part; and 

execution instruction part for instructing the server to execute serviee 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 generating 

execution rights for. the respective clients._ -The execution right generation part· 

generates execution rights in relation to the cycles registered in the registr~tion 

part. The _execution instruction part instructs the server to e?Cecute the service 

requests frc;>m the clients corresponding 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 
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cycles for generating execution rights for the respective clients are registered so 

that execution rights are generated on the basis of the cycles. The server is 

instructed to execute those from the clients corresponding to the generated 

execution rights among the queued service requests. Thus, the time from 

transmission to execution of a service request from a certain client is not influenced 

by situations of transmission of service requests froin other clients, whereby it is 

possible to prevent the_ time up 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 right generation 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 generating the· execution rights which are registered in the 

registration part and the cycle for starting the same at the time of starting while 

collectively generating the execution rights for the clients who determined to 

generate the execution rights. 

Acriording to the thirty-ninth aspect, as hereinabove described, the execution 

right generation part is started in the prescribed cycle and performs the operation 

of genE;)rating execution rights. At this time, the execution right generation part 

determines whether or not execution rights are generated for the respective clients 

on the basis of the cycles for generating execution rights and the cycle for starting 

the same, for collectively generating the execution rights fcir the clients determined 

to be generated. Thus, the processing operation of the execution right generation . 

part can be reduced as compared with an operation of generating execution rights 

in the cycles for generating execution rights· registered in the registration part. 

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 cycles 

for generating the execution rights which are registered in the registration part and 

the cyde for starting the same and determines whether or not the execution rights 

are generated by comparing the time obtained by the. calculation with the cycle for 

starting the same. 

Thus, it is possible to determine whether or not execution rights for the 

respective clients are generated. 

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

the execution right generation part generates an execution right for a client 

having a time Tots between a current started time to a time for generating the next 

execution right which is les.s than a cycle Tslt for starting the same (Tots< Tslt) 

and adds a cycle Treq for generating the execution right registered in the 

registration part to the Tofs of the client, for calculating a new Tots for next starting 

by an expression Tofs .= Tots - Tslt with respect to the Tots if the Tofs obtained by 

the addition is greater than or equal to Tslt (Tofs ~ Tslt). 

According to the forty-first aspect, as hereinabove described, the execution 

right generation part generates the execution right for the client having the Tofs 

which is less than the Tslt.. Further, the part adds the Treq to this Tofs, for 

calculating the new Tots for n~xt starting by the expression Tofs = Tots - Tslt with 

respect to the Tots if the Tots obtained by the addition is greater than or equal to 

Tslt (Tofs ~ Tslt). .Thus, it is possible to generate the execution right by 

determining the client for who!fl 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 the Treq to the Tofs and comparing the result with the 

Tslt if the Tofs obtained by the addition is less than Tslt (Tofs < Tslt), and 

calculates a new Tofs for next starting by an expression Tofs =Tots - Tslt with 

respect to the Tofs ~en the Tofs obtained by the addition is greater than or equal 

to the Tslt (Tofs ~ Tslt). 

According to the forty-second aspect, as hereinabove described, the execution 

right generation part repeats the· operation of further generating the execution right, 

adding the Treq to the Tofs and comparing the result with the Tslt if the T.ofs 

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 equ~I to the Tslt 

(Tofs ~ Tslt). 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 aspect, 

the execution right generation part generates no execution right a$ to a client 

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 ~ · Tslt) 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 - Tslt with respect to the Tofs. 

According to the forty-third aspect, as hereinabove described, the execution 

right generation part generates no exeeution right as to the client having the Tofs 

which is greater than or equal to the Tslt (Tofs ~ Tslt) or a service request which 

is not queued in the first queue. Further, the part calculates the new Tofs for next 

starting through tt:ie 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 fo 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 repetitive 

subtraction of the Tslt and a number of execution rights for this client are generated 

when the service request is queued. 

The forty-frfth ~spect is· chara·cterized in that, in 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 reduce the number of times of delay occurrence 

by selecting the execution right of the client having a shorter time between the 

current started time and the time for generating the next exeeution right. 

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

the execution right generation part calculates an evaluation 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 selects ari execution right to be preferentially 

processed among those generated by the execution right generation part. 

According to the forty-sixth aspect, as hereinabove described, the execution 

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 selects .the execution right to be preferentially processed 

on the basis of the provided evaluation. index. Thus, when the execution rights 

compete with each other,. that to be preferentially 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 generation part calculates· the evaluation index Nsft by a 

function Nsft = f(Treq/Tslt}, where f(x} represents the minimum 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 part selects an execution right having a smaller 

evaluation index Nsft provided ·thereto. 

Thus, when execution rights compete with each other1 that having a. shorter 

cycle for generating the execution ri~ht can be selected. 

The forty-eighth aspect is characterized in· that, in the forty-seventh 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 client$ are not provided with the same evaluation 

indices. 

The forty-ninth aspect 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 exe~tion rights 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 

provi~ed 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 preferentially 

processed among the generated execution rights, whereby the processing operation 

of the execution instruction part can be redueed. 

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

the execution . instruction part recognizes a maximum number of service 

requests, execution of which is instructed in startir:ig, 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 to those having higher precedence. 

According 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, w~i_le changing the evaluation indices for the 

remaining execution rights _to those having higher precedence. Thus, it is possible 
.· . 

to make execution instruction not performed beyond the maximum number, while 

it is possible to prevent the remaining execution rights from being not selected for 

a long time. 

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

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

in starting, recogni;zed by the execution instruction part is a maximum number 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 maximum number, and decrements the 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 maximum number of 

execution instruction is performed, while decrementing the evaluation indices for 

the remaining execution rights. Thus, it is possible to make execution instruction 

not performed beyond the maximum number, while the evaluation indices of the 

remaining execution rights are decremented every Tslt, whereby it is possible to 

~ake the execution rights selected by after Treq + Tslt from generation at the 

latest. 

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 execution instruction part is a maximum number of 

the service 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 execution 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. 

The 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 instructed by the execution instruction part per unit 

time; for instructing the registration part to register the cycles if the same 

determines that an average number of the generated execution rights 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 r~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 number 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 cycle is further registered in addition to the already registered 

cycles. Thus, it is possible to prevent the average number of the generated 

execution rights per unit time from exceeding the maximum numb~r of the service 

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 requests 

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 servers; 

registration part for registering cycles for generating execution rights for the 

plurality of servers; 

execution right generation part for generating the execution rights for 

exeCuting the service requests in relation to the cycles registered in the registration 

part; and 

execution instruction part for· instructing the servers to execute the service 

requests to the servers corresponding to the execution rights generated by the 

execution right generation part among the service requests queued in the first 

queue. 

As hereinabove described, the first queue queues the service requests to the 

respective servers. The registration part registers the cycles for generating 

execution rights for the respective servers. The execution right generation part 

generates execution nghts 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 among 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 are generated ·an 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 eertain 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 execution 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 

determining at the time of starting whether or not the execution rights are generated 

for respective servers 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 execution right generatior:i part 

determines whether or not the execution rights are generated ·for the respective 

servers on the basis of the cycles for generating execution rights and the cycle for 

starting the same, for collectively generating the execution rights for the servers 

determined to be generated. Thus, the processing operation of the execution right 

generation part can be reduced as cc;>mpared with the case of generating execution 

rights in the cycles 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 basis 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 fo~ starting the same, thereby determining whether or not the execution 

rights are generated. 

Thus, it is possible to determine whether or not execution rights for the 

respective servers are generated. 

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

the execution right generation part generates an execution right for a server 

having a time Tofs between a current started time to a time for generating the next 

execution right which is less than a cycle Tslt for starting the same (Tofs < Tslt) 

and adds a cycle Titv for generating the execution right registered 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 execution 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 the new Tofs for next starting by the expression Tofs = Tofs - Tslt with 

respect to the Tofs if the Tots which is obtained by the addition is greater than or 

equal to Tslt (Tofs ~ Tslt)". Thus, it is possible to determine the server for which 

the execution right is t~ 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 generating 

an execution 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}, and 

calculates a new Tofs for next starting by an expression Tofs = Tofs - Tslt with 

respect to the Tofs when the Tots 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 execution right, 

adding the Titv to the Tofs and comparing the result with the Tslt if the Tots 

obtained by the addition is less than Tslt (Tofs < Tslt). Further, the part calculates 

the new Tots for next starting by the expression Tofs = Tofs - Tslt with respect to 

the Tots when the Tofs obtained by the addition is greater than or equal to Tslt 
. . 

(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::haracterized in that, in the sixtieth aspect, 

the ex$CU!ion right generation part generates no execution right as to a server 

having a time Tots between a current started time and a time for generating the 

next execution right which is greater than or equal to the Tslt (Tofs :?: Tslt) or 

having a service request which is not queued in the first queue and calculates a 

new Tofs for next starting through an expr~ssionTofs = Tofs - Tslt with respect to 

the Tofs. 

According to the sixty-second aspect, as hereinabove described, the execution 

right generation part generates no execution right as to the server having the Tofs 

which is greater than o~ equal to the Tslt (Tofs :?: Tslt) or the service request which 

is not queued.in the first queue, Further, the part calculates the n~w-Tots for next 

starting through the expression Tofs = Tofs - Tslt with respect to the i'ofs. Thus, 

no execution right is generated for the server whose service request is not queued, 

whereby it is possible 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 

Sl:Jbtraction of the Tslt and a number of execution rights for this server are 

generated when the service request is queued. 

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

T_hus, the number of times of delay occurrence can be further reduce_d by 

selecting the execution right of the server having the shorter time between the 

current started time to the time for generating the next execution 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 cycles for generating execution rights which are 

registered in the registration part and providing the same to the generated 

execution rights; and 
- -

. the execution instruction part selects an execution right to be preferentially 

processed among those- generated by the execution right generation part on the 

basis of the provided evaluation index. 

According to the sixty-fifth aspect, as hereinabove described, the execution 

right generation part provides the evaiuation 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 tt~e 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 Nsft = f(TitvJTslt), where f(x) represents a minimum integer exceeding x, 

with respect to the cycles Tltv for generating execution rights which are registered 

in the registration part and the cycle Tslt for starting the same, and 

the execution instruction part selects an execution right having a smaller 

evaluation index Nsft which is provic;Jed thereto. 

Thus, when execution rights compete with each other, that having a shorter 

cycle for generating the 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 cnaracterized 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 detailed evaluation indices are provided to the execution rights for 

the respedlive 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 indE:lx 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 preferentially 

processed among the generated execution rights, whereby the "processing operation 

of the execution instruction part can be reduced. 

The ·seventieth aspect is characterized in that, in the sixty-fifth aspect, 

the execution instruction part recognizes a maximum number of serviee 

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 preceden~. 

According to the seventieth aspect, as hereinabove described, the execution 

instruction part stops execution instruction when the maximum number of. execution 

instruction is performed, and changes the evaluation indices of the remaining 

execution rights to those of higher precedence. Thus, it is possible to make 

execution instruction not performed beyond the maximum number, while it is 

possible to prevent the remaining execution rights· from being not selected for a 

long tiine. 

The seventy-first aspect is characterized in that, in the seven_tieth aspect, 

the maximum number .of the service requests, execution 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 star_ting tt~e same. 



-34-

Thus, it is possible 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, stops instruction of execution 

when execution of the servi~ requests is instructed by a number which is equal 

to the maximum number, and decrements the evaluation indices of remaining 

execution rights. 

According to the seventy-second aspect, as hereinabove described, the 

execution instruction part stops execution instruction when the maximum number 

of execution instruction is performed, and decrements the evaluation indices of the 

remaining execution rights. Thus, it is possible to make execution instruction not 

performed beyond the· maximum number, while the evaluation indices of the 

remaining execution rights are decremented every Tslt, whereby it is possible to 

make the execution rights selected by after Treq + Tslt from generation at the 

latest. 

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

aspect, 

the maximum number of the service requests, execution 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. 

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

exceeding the maximur:n 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 par:t to register/update 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-fifth 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 ~xecLition instructjon part to all 

servers per unit time, for instructing the registration part to register the cycles if the 

same determines that an average number of generated execution rights of all 

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 hereinabove 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 

rights of all servers per unit time is not in excess of the maximum number of the 

service request$, execution of which is instructed by the execution instr~ction part . 

to all servers per unit time, even if the declared cycle is further registered in· 

addition to the already registered 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 per" unit time, for instructing the registration part to register the cycles if the 

same determines that an average number of generated execution rights of each 

server per unit time is not in excess of the maximum number even if further 

registration is. made when regist~ation 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-sixth a~pect, as · hereinabove 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 

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 generate~ 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, execution 

of whicll is· instructed by the execution instruction part to each server per unit time; 

The seventy-seventh aspect is characterized in that, in the seventy-si~h 

aspect, 

the maximum number of the service requests, execution of which is i~structed 

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, in the seventy-fourth 

aspect, 

the registration instruction part recognizes a maximum number of service 

requests, . execution of which is ins_tructed by the execution instruction part to all 

servers per unit time, ~nd a maximum number of the service requests, execution 

of which is instructed by the execution instruction .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 Ti.tv = 1/(1ffitv + 1ffreq) 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 determining 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 instr:ucted 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 sef'Ver per unit tirrie is not in excess of a maximum number 

of the service .requests, execution of which is instructed by the execution instru_ction 

part to the server per unit time, while not updating the Titv in case of determining 

otherwise . 

. According to the seventy~ighth aspect, as hereinabove described, the 

registration part is instructed fo ·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 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 and in case of determining that the average number 

of the generated execution rights of the server 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 the server per unit time, when the declaration for 

updating the cycle Titv to that for generating the execution right with further 

addition of the cycle Treq is received. Thus, it is possible to make the average 

number of the generated ·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 to this server per 

unit time. 

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

the registration instruction part instructs the registration part to update an 

already registered cycle Titv for·generating an execution right of a certain server 

to a new !itv which is calculated. by an expression Titv =.1/(1ITitv - trrreq) ~hen 

a declaration is made to update th~ 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 exe~ion 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 

data from those stored therein when a data read request is transmitted from any 

of the terminals and transmitting 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 the data between the data 

storage part and f;lach terminal; 

an exchange part for exchanging the data between the input/output part and 

the data storage· part; and 

a resource management part for 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 management separates the resources of the overall server unit 

to resources (preferential resources) employed for outputting data (preferential 

data) for which continuity niust be guaranteed to the terminals and resources (non-

preferential resources) employed for outputting data (non-preferential data} for 
. . 

which no continuity may be guaranteed to the terminals to· manage the same. 

According to ·the eightieth aspect, as hereinabove described, the resol:Jrces 

of the overall system are separated into the preferential. resources and the non-

. preferential resources and managed, whereby resources used for reading the 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-preferential data is increased. 
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The eighty-first espect is characterized in. that, in the eightieth aspect, 

each terminal is divided into a plurality of groups, 

the input/output part includes a plurality of 1/0 units provided every group of 

the terminal, 

each 1/0 unit includes: 

a preferential input/output control part executing input/output control with 

respect to a command requiring reading of the preferential data transmitted from 

the terminal of the corresponding group; and 

a non-preferential input/output control part executing input/output control with 

respect to a command requiring reading of the non-preferential data transmitted 

from the. terminal of the corresponding group, 

the data storage part includes: 

a plurality of storage units; 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 commands requiring reading of the 

non-preferential. data transmitted from the terminals of the corresponding group; 

a command queue ~ntrol part for fetching the commands from the command 

queue; 

a C9mmand transmission part for transmitting the commands fetched by the 

command queue control part to corresponding destination the MSFSs; 

a data buffer part for temporarily storing the no·n-preferential data read 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. 
. . 

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

the command queue is provided in correspondence to each of a plurality of 
. . 

termi_nals belonging to the corr~ponding group for storing the commands from the 

corresponding terminal in order of arrival, 

the command queue 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 same MSFS and outputting the same to the command transmission part, 

the command transmission part: 

transmits the commands received from the command queue control part to the 

MSFSs for executing the same; and 

transmits a receiving completion notice to the command queue control part 

when the same confirms that the data buffer part 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 compl$tion 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 output the next command to the 

command transmission part after the commands are outputted to the command 

transmission part and before the data buffer part receives all data corresponding 

to the outputted command. Thus, the 1/0 unit does not simultaneously 

communicate with a plurality of MSFSs in relation to receiving of the non­

preferential data, and it is nof 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 

data at a high speed by using· all communication bands of the non-preferential 

resources provided in -the 1/0 unit. 

The eighty-third asped is characterized in that, in the eighty-.second ·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 predetermined constant 

number in a single command fetch processing. 

When a number of commands are substantially simultaneously transmitted to 

a single MSFS, congestion is caused in the MSFS receiving the commands, 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 transmission part to not more than the predetermined constant number. 

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

the non-preferential input/output control part further includes a buffer 

management part for managing a used state of the data buffer part, and 

the command queue control part decides the command queue selected for the 

command fetch processing on the b_asis Of the used state of the data buffer part 

which is managed by the buffer management part. 

The eighty-fifth a~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 cc;>unters 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 described, 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 situation of the data buffer part managed by the buffer 

management part so that transmission processing for the commands stored in the 

selected ~mmand queue is preferentially executed,· whereby such a phenomen~n 

that a single terminal occupies and uses non-preferential_ resources shared by a 

plurality terminals is reduced and the best use of the communicatability provided 

in the server unit for the respective terminals can be made. 

The eighty-sixth aspect is characterized in that, in the eighty-second aspect, 

the command transmission 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 part 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 con:imand requiring reading of the non-preferential data to 

the· MSFS. . Namely, the command transmission part transmits no command 

requiring reading of the ·non-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 js characterized in that, in the eighty-first aspect, 

the command queue control 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 1/0 unit for outputting data to 

each terminal and a communication band serving as a non-preferential resource for 

each 1/0 unit for receiving the non-preferential data read from the data storage part. 

According to the eighty-seventh aspect, as hereinabove described, t~e 

command queue control part 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 110 unit for outputting data to 

each terminal and the communication band serving as a non-preferential resource 

for each 110 unit for receiving the non-preferential data read from the data storage 

part. Thus, an· average band used by the data transmitted from the MSFS is equal 

to or less than the communication band for the exchange part for eommunicating 

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 communication band for serving as a non-preferential resource for each 

1/0 unit for outp~ing the data to each terminal, whereby increase of the quantity 

of the data stored in the data buffer· pa.rt in the 1/0 unit can be suppressed. . 

The eighty-eighth aspect is characterized 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 storing the commands received from the command 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 comman~s from the corresponding transmission queues to the 

MSFSs and decremented every arrival of data read from the corresponding MSFSs 

at the data buffer part thereby counting the number of the non-preferential data not 

yet arriving at the data bUffer part, and 

the command transmission part limits the number of the commands which are 

transmitted from the respective transmission queues to the. MSFSs so that the 

number of unarriving non-preferential data;1 counted by the processing number 

counters are not in exces_s of a prescribed threshold. 

According to the eighty-eighth aspect, a_s hereinabove described, the 

. command transmission part transmits commands in a noted transmission queue to 

the MSFS only when the count value of the processing counter corresponding to 

the noted transmission queue is less than the predetermined threshold value, 

whereby it is possible to avoid such a phenomenon that read processing is 

concentrated to a single· MSFS and the commands reside in this MSFS. 

The eighty-ninth aspect is characterized in that, in the eightieth aspect, 

the resource management part manages a communieation band of the 

exchange part, a band for the data storage part for reading data, and a 

communi~ion band for :the input/output part for outputting data to the respective 

terminals as the resources: 

The ninetieth aspect is characterize~ 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 

communication band serving as a non-pr~ferential resource of the ATM switch is 

ensured in the ABR mode so that the MSFS reading data transmits the. data 

through the communication band ensured in the ABR mode, whereby the 

transmission r~te from the MSFS is immediately reduced and congestion is 

eliminated even if congestion is caused in· the A TM switch. Therefore, the 110 unit 

can regularly correctly receive the d~ta. 

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

the resource management part previously fixedly allocates parts of the 

resources of the overall server unit as the preferential resources while allocating 

the remaining parts as the non-preferential resources. 

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

the resource management part changes a quantity which is allocated as the 

preterential resources among the resources of the overall server unit in response 

to read requests for the preferential data _from the terminals. 

According to the !linety-second aspect, as hereinabove described, the quantity 

which is alfocated as the preferential resources among the resources of the overall 

server unit is changed in response to the read requests for the preferential data 

from the terminals, whereby allocation of the resources can be flexibly changed in 

response to increase/decrease !Jf the read requests for the preferential data, and 

the best use of the finite resources· can be efficiently made. 

The ninety-third aspect is ~aracterized in that, in the ninety-second aspect, 

the resource management part allocates all those not allocated as the 

preferential resources among the resour~s 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 resources is not below a prescribed resource quantity when it is 

necessary to increase the preferential resources. 

According to the ninety-thirc:Laspect, as hereinabove described, all resources 

not allocated as the preferential resources are managed as the non-preferential 

resources while allocating preferential resources from the _non-preferential 

resources 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 input/output of the 

preferential data is not influenced even if reading of the non-preferential data is 

increased and all unused resources are used as non-preferential resources, 
. . 

whereby reading of the non-preferential data is efficiently executed. 

The ninety-fourth aspect is a file system for issuing a data acquisition request 

to a data storage unit in response to a data transmission request from a user and 

transmitting data acquired from the data storag~ unit in accordance with the data 

acquisition request to the user, which comprises: 

· a data acquisition part for acquiring data from the data storage unit 

successively from a position specified by the data transmission request. 

continuously at a specified speed; 

a buffer for storing the data acquired by the data acquisition part from _the data 

storage unit; 

a buffer management part for performing 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 management part, and 

the pause control part is adapted: 

to control the data transmission part to immediately stop data transmis$ion 

while controlling the data acquisition part to immediately stop data acquisition in 

case of receiving the pause request from the user; and 

to control the data transmission part to resume data transmission successively 

from a head of the data stored in the buffer after pause processing while controlling 

the data acquisition part to resume data acquisition successively from data next to 

the last data stored in the buffer after the pause processing in case of receiving the 

pause release request from the user. 

According to the ninety-fourth aspect, as hereinabove described, the data 

stored in the buffer after the pause processing are transmitted to the user at first 

when the pause release request 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 transmission request. 
. . . 

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

the pause control part substitutes a data acquisition resume time trd for 

making the data acquisition part resume data acquisition, a quantity N of the data 

stored in the buffer after the pause processing, a data trarismission 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-NN ···(a) 

According to the ninety-fifth aspect, as hereinabove described, the ti!lle 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 least before the head data acquired by the data 

acquisition · part acquires after the pause release is stored in the ~uffer. 

Consequently, the time ·up to dat~ 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 p~use is changed, 
. . 

further, it is possible to prevent the transmission data from being 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 the ninety-to·urth 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 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 expre~sion (b) in ease of receiving the pause release 

request from the user, thereby calculating a data acquisition resume time trd for 

making the data acquisition part resume data acquisitior:i: 

trd=tsd+NN-D ···(b) 

According to the nin~ty-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 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 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 charaderized in· that, in the ninety-fourth aspect, 

the pause 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 acq_u~sition part after pause release. 

According to the ninety-seventh asped, as hereinabove described, the data 

of the part .exceeding the limit data quantity is eliminated from the buffer in the 

pause release, .whereby the buffer may not have a buffer capacity beyond the limit 

data quantity. 

These and other objeds, features, aspeds and advantages of the present 

invention will become more apparent from the following detailed description of the 

present invention when taken in conjundion 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 the present invention. 

FIG. 2 is a block diagram showing the structure of a part related to file access 

. in each server unit shown in FIG. 1. 

FIG. 3 is a block diagram showing th~ 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 reservation 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 arrival slots. 

FIG. 6 is a diagram showing an exemplary write slot management table 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 ac6ording to 
. . 

a_ second embodiment of the present invention.-

FIG. 10 is a block diagram showing the structure of a file access part in each 

110 unit shown in FIG. 9. . . 

FIG. 11 is- a block diagram showing the structure 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 present invention. 

FIG. 14 is a diagram showing a band preferential layout of deciding ratios for 

distributing data in proportion to the bands of storage 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 mixing the band preferential layout and the capacity 

preferential layout. 

FIG. 17 is a block diagram showing the structure of a file system employing 

the disk management unit shown in FIG. 13. 

FIG. 18 is a block djagram showing the ·structure of a scheduling unit 

according to a sixth ~mbodiment of the present invention. 

FIG. 19 is a block diagram showing the structure of a video information 

providing system employing the scheduling unit shown in FIG. 18. 

FIG. 20 is a sequence diagram showing a state of signals transmitted/received 

between a video information provider 1920 shown in FIG. 19 and clients (1 ton) 

1921. 

FIG. 21 is a diagram showing registered contents of an execution right 

generation cycle table 1812 ~hown in FIG. 18. 

FIG. 22 is a di~gram 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 

part 181.5 shown in FIG. 18 instructing execution of _a read request. 

FIG. 26 is a block diagram showing the structure of a ·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 

generation cycle table 2692 shown in_ FIG. 26. 

FIG. 29 is a diagram showing qu~uing 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 diag·ram for illustrating operations of another execution right 

queue. 

FIG. 32 is a block diagram showing the structure of a data transmission 

system employing a server unit according to an eighth embodiment of the present 

invention. 

FIG. 33 is a block diagram showing a more detailed structure of an· 110 unit 

3207 shown in FIG .. 32. 

FIG. 34 is· a flow chart showing operations of a command 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 showing operations 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 d~tailed structure of an 1/0 unit 

3707 Sh<?wn 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 operations 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 ~ 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. 

FJG. 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 diagram showing the relation between a data transmission 

request, data acquisition requests and data transmission in a p~use release 

operation of the server unit in the tenth embodiment. 

FIG. 47 is a timing diagram showing the 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 eleventh embodiment. 

FIG. 48 is a timing diagram for illustrating a method of calculating a data 

transmission resume time in a pause release ·operation of a server unit according 

to a twelfth embodiment. 

. FIG. 49 is a timing diagram showing the relation between a data transmission 

. request, data acquisition requests and data transmission in a pa.use 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 file manager 2, and a plurality of server units 3. 

The file manager 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 managed by the 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 the 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 retrieval part 104, a request transmission part 105, an external 

network 110 control part 106, an internal message_ interface part 107, a storage unit · 

108, a storage control part 1 ~9, an internal network 110 control part 110, and a 

declared value management part 111. 

The external message interface part 101 identifies a message transferred 

between the same and the exterior, 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 allo~tes 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 reading of a data block of 

a fixed length or a block write request requiring writing. The internal message 

interface part 107 controls transmission/receiving of messages for the file manager 

2 in the file system and other server units. The storage unit 108 st~r~s data blocks 

and data storage position information every file. The storage control part 109 

controls access to the storage unit 108. The internal network 1/0 control part 11 O 

controls the timing for transmitting a data block required by the block 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 to file access. Referring to Fig .. 3, the file manager 2 indudes a message 

interface part 201 and a resource management part 202. The message interface 

part 201 identifies messages t~ansferred between the same and each server unit 

3 through 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 inpuVoutput band 

of the exchange unit 1 in the file system. 

In relation to file access, the following messages arrive at the file system from 

the exterior. 

( 1} GetResource 

(2) FileOpen · 

(3} ReadBlock 

(4} WriteBlock 

Operations of the parts of the file manager 2 and each server unit 3 related 

to file access in case of receiving the above messages are now ·described. 
·. 

When the ~etResource message arrives, the external. message interface part 

101 in the server unit 3 informs the resource allocation part 102 of this arrival. The 

resource allocation part 102 instructs the internal message interface part 107 to 

transmit a resource allocation request for the file manager 2. When the resource 

allocation request arrives at the file manager 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 arrives, the server unit 3 acquires data storage 
. . 

position information in the file from the storage unit 108, and shifts to a ·file­

accessible state. 

When the ReadBlock message arrives, the slot allocation part 103 in the 

server unit 3 allocates the reserved resource, and reads required data. 

When the WriteBlock message arrives, the slot allocation part 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 reference to Fig. 4, the operations of the file 

system for reserving and allocating resources a~d reading/writing data are now 

described.· MS arrival slots employed for reservation and allocation of the 

resourees and. write slots are first described, followed by de$cription of the 

operations of the file system. 

(1) MS Arrival Slots . 

In this file system,. a concept of "MS arrival slots ... divided every several 1 O 

msec. is employed. Referring to Fig. 4, a line 801 indicates that the time is divided 

into MS arrival slots to be managed. As to data reading, required data is divided 

into data blocks (MS blocks) of fixed lengths, so that a ·block read request is 

transmitted to the storage unit 108 or another server unit every 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 

number of block read requests which can be allocated to a single slot. According 

to this file system, MS arrival slots are reserved 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 from the reserved MS 

arrival slots. The operation of reserving the MS arrival slots is perfo_rmed every 

constant period. Parameters forming the "MS arrival slots" are as follows:. 

T_slt: time interval between slots 

Nmaxl: number of requests allocatable· to each slot 

T _rsvMS: interval between operations for reserving arrival slots. 

Referring to Fig. 4, numeral 802 denotes the interval T _sit. 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 ident_ifying the slots, "reserved user numbers" for identifying 

presence/absence of slot reservation and the reserving users, "allocation request 

numbers" for identifying whether or not block read requests are allocated and the 

allocated requests, and "non-preferential flags" for identifying whether or not non-

preferential block read requests may be allocated. A user having a resource 

allocated by a GetResource message utilizes the preserved slot. With respect to 

a user requiring block reading wi(h 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 writing, a concept "write slot~" is employed. In each serve unit 3, 

a write slot is provided· every destination server unit. Data arriving with a 

WriteBlock command from the exterior is divided into data blocks (MS blocks) of 

fixed lengths so that its destination is decided in accordance with a space area list 

of the storage unit 108, and transmitted as a block write request. The write slot of 

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 "allocated request . identification numbers" for identifying 

presence/absence of requests allocated to 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 messages_ are accepted with reference to reading and writing and in 

order of ensured bands (from large 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 p~rt 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 to Fig. 7, "resource descriptors" are 

identifiers allocated every acceptance of a ·GetResource· message. The "stream 

management table" stores "read 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 table" has _items such as "ensured file system internal bands" and 

"currently usable file system internal bands" for storing the quantity of currently 

unused bands among the ensured bands as. information. 

(4) Resource Acquisition Acceptance Control 
. . 

Resource acquisition acceptance control is adapted to determine whether or 

not -each GetResource message from the exterior is .acceptable and 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 following declared parameters: 

read or write 

a minimum read/write· 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 determi~ation 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 

a~ptance determination. The write band calculation part 402 calculates a write 

band. The acceptance determination 403 determines whether or not each. message 

is a~ptable. The resource storage part 404 stores current resource use 

situations and a maximum value of providable resources. 

The declared parameter processing part 401 first obtains a value T _max 

satisfying the following expression (1) on the basis of the delay request value 

D_lim: 

D_lim=D_net+D_dsk_min+2 xT _max ···(1) 

In the above expression (1), D_net represents an allowable delay value in the 

exchange unit 1, and D_dsk_min represents the minimum value of limit delay 

values in the storage unit 108. In case of comparing T _max with T, the smaller one 

is assumed to be T _min. 

The declared parameter processing part 401 calculates the necessary band 

width from the value T _min. In case of reading, the declared parameter processing 

part 401 informs the acceptance determination part 403 of the calctllated band 

width. In case _of writing, on the other hand, the declared parameter processing 

part ·401 employs the declared value as the band of an inlet/outlet in/from 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 

ii 



-62-

acceptance determination part 403 determines whether or not the total sum of 

acquired resources is not more than a constant level in case of accepting 

GetResource messages on inlet and outlet si~es from and in the exchange unit 1 

in arid from the server unit 3 and the storage unit 108. If the messages are 

acceptable, the acceptance determination part 403 stores this inf9rmation in the 

resource storage part 404, and adds the information to the stream management 

table managed by the 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. 

(S) Assurance of Read Resource 

MS arrival slots are reserved to be used for users whose GetResource 

messages are accepted with acquisition of read resources. The MS arrival slots 

are reserved 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 reservation, and reference 

numeral 807 denotes the 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 each user, and the 

respective ones of the selected slots are assumed to be expected slots. 

2) At the timings 803 to 806, reserved .expected slots are decided within the 

time section T _rsv at the time intervals T _min. 

· 3) If the expected slots are reservable, the slots are reserved. 

4) If the expected slots are unreservable, slots next to the expected slots are 



-63-
referred to. If the referred slots are reservable, these slots are reserved. If these 

slots are unreserilable, on the other hand, next slots are referred to. This operation 

is repeated. 

5) If the. process is out of the reservation section, slots in the. next time 

section T _rsv are reserved in accordance with the above rule. 

Referring to Fig. 4, reference numerals 808 to 820 denote expected slots for 

reservation. Reference numerals 821 to 833 denote actually reserved slots. When. 

a GetResource command is newly accepted, slot reservation 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 MS arrival slots not reserved at a time when reserving operations 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 arrives 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 order from the information in which next expected slot 

arrives with earlier timing. The order of the description in ~he stream· management 

table is updated when the MS arrival slots are reserved. 

· (6) Block Read Operation 

When a ReadBlock message arrives from the exterior, the declared value 

management part 111 is informed of this through the message interface part. 101. 

The Read Block message· has the follo~ing declared parameters: 

resource descriptor 

block read interval 

!I 
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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 interval by the ReadBlock command from the user corresponds 

to a declaration by the GetResource message. A request arrival time of the block 

is set by adding a delay request value provided to the command to the arrival time 

of the. ReadBlock command. The declared value management part 111 checks 

whether or not the interval of the block request arrival time corresponds to the 

declared value. Jn 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 management part 111 makes a vjolation notice 

to the user if the following expressioh (2) holds: 

D_lim<D_net+D_dsk_min+2XT_min ···(2) 

If the decl~ration by the GetResource message is satisfied, on the other hand, 

_ the sl_ot allocation part 103, the address retrieval part 104. and the external network 

110 control part 106 are informed of the arrival of the Read Block message. The slot 

allocation part 103 decides a block read request transi:nission interval so that data 

blocks can be continuously provided in a required band. Due to the block read 

request transmission, an interval (MS arrival interval) for acquiring MS blocks is 

averaged. When a block read request transmission time is reached, allocation of 

MS arrival sots and limit delay value calculation are performed on the basis of 



-65-

delay request values of respective commands. 

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

A delay limit value b_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 allocated 

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

time for transmitting the b.lock read ·request. The slot reserved for ttiis user is 

allocated in a time T satisfying the following expression (4). If a plurality of slots 

are reserved, the earliest time is selected. 

T_req+D_lim-2XT_min<~<T_req+D_lim ···(4) 

Assuming that t_ar\I represents the time of the allocated 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_net " 0 (5) 

The slot· allocation 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 reserved but not allocated 

into ON states. Referring to Fig. 4, arrovis 834 to 838 indicate arrival of ReadBlock -... ~ ·.. .. ~ . 

messages. Reference numerals 839 to 843 denote MS arrival slots allocated to the 

respective ReadBloCk messages. Arrows 844 to 848 indicate timings for instructing 

transmission of block read requests. The request transmission part 105 transmits 

the block read requests to destinations declared by the address retrieval part 104. 

The internal· message interface part 107 execute.s transmission Of the block read 

requests. In each destination server ~nit 3, the block read request arrives at the 

internal network control part 110 through the internal message interface part 107. 



-66-

The internal· network control part 11 O 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 internal network control part 11 O 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 · 1/0 control 

part 11 O allows output from t_he server unit 3 to the exchange unit 1 after a time 

indicated by the limit delay value from the arrival of the block r~ad request as to 

the MS block read from the storage unit 108. The read MS block arrives at the 

external network 1/0 control part 106 through the internal message interface part 

107. The external network 1/0 control part 106 instructs transm!ssion to the user 

.at a time T_req + D_lim. Referring to Fig. 4, reference numerals 849 to 853 denote 

timings when MS blocks arrive at the external network 1/0 control parts 106, and 

reference numerals 854 to 858 indicates timings for transmitting MS blocks to the 

users. 

As to a ReadBlock message ·not specified by a resource descriptor, a slot 

having the non-preferential flag in Fig. 5 in an ON state is allocated so that a block 
. . 

read. request is transmitted. 

(7) Block Write Operation 

As to stream data arriving with a WriteBlock command from the exterior, the 

declared value management part 111 checks whether or not the data exceeds the 

band ensured by the GetResoyrce message. In case of violat_ion, a violation notice 

is issued. If the stream data arrives 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 write request is transmitted at an allocated time. 

{Second Embodiment) 

Fig. 9 is a block diagram showing the structure of a file system according to 

a second embodiment of the present invention. Referring to Fig. 9, this file system 

comprises a file manager 901, a plurality of 1/0 units 902, a plurality of block 

· storage units 905, and an exchange unit 908. 

The file manager 901 manages the overall file system. Namely, this file 

manager 901 has functions similar to those of the file manager 2 shown in Fig. 1. 

Each 110 unit 902 accepts a request 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 user. 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 110 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 a: fife access part in 

each 110 unit 902. Functions of the respective blocks shown in Fig.. 1 O 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 

block~ shown in Fig. 11 are also similar to those of the blocks of the same names 

in Fig. 2. Namely, each 110 unit 902 and each block storage unit 905 cooperate 

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

Fig. 1. 

II 
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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 

comprises a message interface part 1201, a resource management part 1202, a 

read/write control part· 1203, a storage unit 1204, and a declared value 

management part 1205. 

The message i_nterface part 1201 · controls tr,ansmission/receiving of messages 

to/from users. The resource management .part 1202 manages used situations of 
. . 

resources. The read/write control part 1203 controls reading and writing from and 

in the ~torage unit 1204. The storage unit 1204 stores data. The declared value 

management part 1205 checks parameters of read and write messages. Similarly 

to the aforementioned first embodiment, resources are ensured by GetResource 

messages 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 current used 

quantity. 

While the present invention has been described with reference to some 

embodiments, the present invention is not restricted to the aforementioned 

embodiments, as a matter of course. For example, the following matters also hold 

for the present invention: 

(1) The names of the messages ai:e mere examples, and the messages are 

not restricted to the names employed in the respective embodiments. The order 

of issuance thereof is not defined either. 

(2) The parameters for the respective messages 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 maxim~m handling capacity and the used quantity are assumed 

to be the read data quantity per unit time as to the resource management part 2021 

the preserit invention is not restricted to this method. A method of assuming these 

to be a write 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 embodiments, a band in the fife system 

is ensured when each GetResource message is received, whereby delay quality 

can be guaranteed as to reading and writing of files. Reading or ~iting of a 

plurality of fifes 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 multiplying 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, whereby a plurality of delay qualities can be supported. 

In addltion, the MS arrival slots are alfocated 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 bands so that the slots can be utilized by 100 %. At this time, time fluctuation 

of the request 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 continuity such as a video 

server, for example, a plurality of storage units are generally provided so that data 

of a single file are dispersed and stored in the respective storage units. Under 

such circumstances, control of input/output bands comes· into question if a plurality 

of storage units having different bands and different storage capacities (hereinafter 

simply referred to as capacities) are.provided with re~pect.to a single file system. 

In general, no control is made in consideration of differences between abilities· 

(bands and capaqities) of the respective storage units, and hence it is impossible 

to make the best use of the abilities elf the respective storage units. In relatic>n to 

this, description is now made on a disk management unit·which can. simplify control 

of a plurality of storage units having different capacities and different input/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. 



----------~~====-=-.......... ==--==~----~--- - -

-71-
(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 

control part 1306, and a total disk capacity control part 1307. 

The disk band management part 1301 manages inpuUoutput 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 distributing data to 

the storage units 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 -capacities- of the storage units managed in the disk capacity 

management part 1_302 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 

storage units on the basis -of the input/output band decided by the distribution ratio 

decision part 1303 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. 

Fi_g. 14 illustrates· a band preferential layout for deciding the ratios of 

distributing data in proportion to the bands of the sto~ge units. When the file 

system is· provided with three storage units having different capacities and different 

bands, for example, data are distributed to the resp_ective 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 -ratios 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 storage units. Thus, ttte 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 arid different 

bands, for example, data are distributed . to the respective storage units in 

proportion to the capacities, in the distribution ratios shown in Fig. 15. Values 

obtained by multiplying the bands of the respective ·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 storage units by the inverse 

numbers of the distribution ratios 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 storage units. Thus, the integrated storage 

units can be regarded as equivalent to a storage unit having 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 preferential layout. 

When the file system is provided with three storage units having different capacities · 

and different bands, for example, data are distributed to the respective storage 

units at a band preferential layout ratio of a and a capacity preferential layout ratio 

of (1 - a), in the distribution ratios shown in Fig. 16. Values obtained by multiplying 

the bands of the respective storage units by the inverse nui:nbers of the dist'1bution 

ratios are assumed to be effective bands, alid those obtained by multiplying the 

~pacities of the respective st?rage units by the inverse numbers· of. the distribution 

ratios 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 storage units. If it is instructed that the effective bands of an storage 

units exceed 5 Mbps in this case, a must be at least 3/5. Assuming that a is set 

at 3/5, the integrated storage units can be regarded as equivalent to a storage unit 

ii 
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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 respective storage units. which are connected with the 

file system are previously set in the disk band management part 1301. Further, the 
. ' 

capacities of the respective storage units which are connected to the file 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 

ma.kes 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 s~tting algorithm, on the basis of the information of the 

bands and the capacities of the· respective storage units set in the disk band 

management part 1301 and the disk ~pacity management part 1302 respectively. 

When a data input/output request is generated in practice, the total disk band 

control part 1306 performs band control of input/output of eaCh storage unit by the 

band of the total storage units calculated in the band calculation part 1304. On the 

other hand, the total. disk capacity control part 1307 performs capacity control of the 

input/output of each storage unit by the capacity of the total storage units 

calculated in the capacity calculation part 1305. 

The pl~rality of storage units individually handled in the aforementioned fourth 

emoodiment may alternatively be replaced with that logically regarded as a single 

storage unit. 

While all storage units are processed 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 
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different capacities in the aforementioned manner, the management is simplified 

and the use efficiency can be optimized i~ response to the required band by 

integrating the plurality of storage units for managing the bands and the capacities 

thereof with no attention to the i~dividual storage units. 

(Fifth Embodiment) 

Fig. 17 is a block diagram showing the structure of the file system employing 

the disk management unit shown in Fig. 13. Referring to Fig. 17, this file system 

comprises storage units 1708a and 1708b, a file attribute management part 1709, 

a band management part 171 O, a file open processing part 1711, a band 

acquisition part 1712, and an input/output control part 1713. 

The storage units 1708a and 1708b including storage media such as hard 

disks, CD-ROMs, .MODs, DVDs or semiconductor memories store data of respective 

files in a dispersed manner respectively. 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 thereof, and manages .the input/output band of the file system. The file open 

processing .part 1711 performs open proeessing of the data files. The band 

acquisition part 1712 acquires _bands employed for data input/output. The 

input/output control part 1713 combines· a plurality of files opened in the file open · 

processing part 1711 with ttie bands acquired in the band acqui~ition part 1712, 

and selects arbitrary file data from the plurality of files for inputting/outputting the 

same. 

While the file. syste~ requires various elements such as a function of 

managing file attributes other than the band characteristics, a function of 

transmitting/receiving input/output 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 embodiment having the 

aforementioned 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 aforementioned band · 

·setting algorithm. The distribution ratios are described in layout profile information, 

and stored in the file attri.bute management part 1709 as the band <*laracteristics 

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 the storage units 1708a and 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 distributed to the storage 

units 1708a and 1708b;. 

In this case, the data of the first and second files are equally 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 i~ received from a user; 

the file open processing part .1711 performs prescribed open pro.cessing, and 

acquires the corresponding band characteristic· from the file ~ttribute 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 received from the user, the 

band acquisition part 1712 acquires a· band necessary for simultaneously reading 

the first and second files from the band management part 171 O in accordance with 

the band ch~racteristics acquired by the file open processing part 1711. 

When a read requ~st command is received from the user, the input/output 

control part 1713-divides the band acquired by the band acquisition part 1712 and 

individually allocates· the- same to the first and second files opened by the file open 

processing part 1711, and simultaneously reads the video data of the first file and 

the sound data of the second file in synchronization with each other from the 

storage units 1708a and 1708b. Thus, stream data synchronizing pictures 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 data can 

alternatively be distributed in a biased manner, in response to the bands a_nd the 

capacities of the storage units. 

While the data of two files having -different band characteristics 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 alternately read through a band ·cmaximum bar:id) decided 

by the band characteristic of any Of'.le file. When data of a plurality· of files are 

alternately read through a single band, formation of an application such as AV 

synchronization can be simplified. 

In a video information providing system for providing video information to a 

!I 
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plurality of clients as an exemplary file system, each client generally has a buffer 

for tempor~rily storing transmitted information. Each cli~nt transmits a service 

request to a server in the file system in a cycle which rs set by the capacity of each 

buffer and bit rates of the pictures to be received, and the server transmits video 

information of a prescribed quantity in response to the service request. However, 

the server generally has an upper limit quantity of transmittable information, and 

hence the service requests from the respective clients must be scheduled to cause 

no discontinuity of pictures -even if the service requests compete with each other. 

Thereto~. the server provided in the conventional video information providing 

system· has a scheduling unit for scheduling service requests which must be 

periodically processed. A unit described in Japanese Patent Publication No. 7-

104792 is known as a eonventional scheduling unit In this unit, a schedule control 

program is provided with a precedence processing queue every task and every 

precedence, so that prociessing 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 aforementioned conventional scheduling unit regularly 

preferentially executes the ~ervice request from the client of the ·higher precedence 

·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 transmitting the service request in a cycle in consideration of a delay time. 

If a temporal average of the number of service requests transmitted from all 

clients exceeds the handling capacity of the server, the number of service requests 

left unprocessed is increased. with time. In this case, occurrence of picture 

discontinuity cannot be prevented in Whatever order the service requests are 

executed. 

In a video information providing system provided with a plurality of servers for 

providing video information 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 uppef limit quantity of information which is transmittable 
. . 

at once. If the service requests are scheduled by the aforementioned conventional 

scheduling unit, however, problems similar to the above are caused. 

In relation fo this, description is now made on a scheduling unit ·which can 

schedule service requests from respective clients so that no information 

discontinuity is caused when· a server provides continuous information such as 

video information "to a plurality of clients in a divided manrier. 

Description is also made on a scheduling unit which can schedule service 

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 manner. 

(Sixth Embodiment} 

A sixth embodiment of the 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. 

ii 
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18 comprises a registration instruction part 1811, an execution right generation 

cycle table 1812, an execution right generation part 1813, a processing queue 1814 

and an execution instruction part 1815. The execution instruction part 1815 

includes an execution right queue 1816. 

Fig. 19 is a block diagram showing the structu.re of a video information 

providing system employing the. scheduling unit ·shown in Fig. 18. The system 

shown in Fig. 19 is formed by a video information providin_g unit 1920 which is an 

exemplary file system, and _a plurality of clients {1 to n) 1921. The video 

information providing unit 1920 includes a scheduling unit 1810 and a server 1922. 

Each of the clients (1 ton) 1921 shown in Fig. 19 cyclically transmits read 

requests to the server 1922 of the video information providing 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 sch_eduling unit 181 O s9hedules the read requests so that 

the server 1922 cyclically provides video information to the client (1 ton) 1921. 

The server 1922 transmits the video information to.the client (1 ton) 1921 by a 

prescribed quantity in response to ·an instruction from the scheduling unit 1810. 

The registration instruction part 1811 shown in Fig. 18 receives a declaration · 

from th~ client (1 ton) 1921 shown in Fig. 19, an9 instructs the execution right 

generation cycle table 1812 to register a cycle for generating an execution· rig_ht 

every client · (1 to n) 1921. The ex~cution right generation cycle table 1812 

registers the cycle for generating the execution right. The execution right 

generation 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 ~n evaluation index {hereinafter refetred to 

as Nsft) indicating precedence to the generated execution right. The processing 

queue 1814 queues read requests from the clients (1 ton) 1E.121. The execution 

instruction part 1815 is started in the cycle Tslt, and instructs the server 1922 to 

acquire a read request from a client 1921 corresponding to the execution right 

generated by the execution right generation part 1813 among those queued in the 

execution right queue 1814 and execute this read request. 

Fig. 20 is a sequenee diagram showing a state of transmission/receiving of 

signals between the video information providing unit 1920 and the clients (1 to n} 

1921 shown in Fig. 19. A resource acquisition request 31 shown in Fig. 20 is a 

signal transmitted from each client (1 to n) 1921 to the video information providi.ng 

unit 1920 for informing the unit 1920 of information (hereinafter referred to as a 

client ID} for identifying the client 1921, the name of video information to be read 

and the read position. The resource acquisition request 31 further includes a cycle 

for 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 client 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 ton) 1921 to the 

video information providing unit 1920 in case of requesting reading. A read 

respor:'se 34 is video information transmitted. from the video information providing 

unit 1920 to the client (1 to n) 1921 in response to the read requests 33. A 

resource release request 35 is a signal transmitted from the client (1 ton) 1921 to 

the video information providing unit 1920 to inform the unit 1920 of the fact that the 

ii 
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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 ton) 1921 to inform the client 1921 of that provision of the 

video information is stopped in response to the resource release request 35. 

Fig. 21 illustrates registered contents of the execution right· generation cycle 

table 1812 shown in Fig. 18. As show~ in Fig. 21, the execution right generation 

cycle table 1812 registers the client ID, Treq and an execution right generation 

- cyqle offset (hereinafter referred to as Tofs) every client (1 ton) 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 queue 1816 shown 

in Fig. 18. As shown in Fig. 23, the execution right quel:Je 1816 queues the 

generated execution rights every provided Nsft. 

Fig. 24 is a flow chart for _illustrating the operation of the execution right 

generation part 1813 shown in Fig. 18 for generating the execution right. 

Fig. 25 is a flow chart for illustrating -the operation of the execution 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 181 O shown 

in Fig. 19 for scheduling read requests so that video information is cyclically­

provided from the server 1922 to the plurality of clients {1 ton) 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 

:11 
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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 transmits the resource acquisition request 31 shown in 

Fig. 20, thereby declaring the client ID and. Treq thereof to the video information 

providing unit 1920. 

The registration instruction part 1811 recognizes information providability of 

the server 1922, i.e., the maximum number (hereinafter 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 addition to the already registered ones, thereby 

determining whether or not the server 1922 can. provide information temporally on 

the average. 

If the determination is of YES, the registration instruction part 1811 instructs 

the execution right generation cycle table 1812 to re~ister the declared client ID 

and Treq, and makes "O" registered as an initial value of Tofs. . Further, the 

registration instruction part 1811 transmits the resource acquisition response 32, 

thereby informing the client 1921 transmitting the resource acquisi~ion request 31 

of the fact that the video information can be provided in the declared Treq. 

If the determination is of NO, on the other hand, the registration instruction 

part 1811 transmits the resource acquisition respon~e 32, thereby informing the 

client 1921 of the fact that information cannot be· provided in the declared Treq. 

An operation of the execution right generation part 1813 shown in Fig. 18 for 

generating an e~ecution right on the basis of Treq and Tofs registered in the 

execution right generation cycle table 1812 is now described with reference to Fig. 
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24. It is assumed that client IDs, Treq and Tofs of a pluraUty of clients 1921 are . 

registered in the execution right generation cycle tabl.e 1812 in the aforementioned 

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 51). Then, the 

execution right generation part 1813 compares the fetched Tofs with the cycle Tslt 

of its operation (step 52). · 

If Tofs ~ Tslt, the execution right generation part 1813 advances to a step 59. 

If Tofs <.Tslt, on the other hand, the execution right generation part 1813 

detennines whether or n".>t a read request from the client 1921 corresponding to the 

read client ID is queued in the processing queue 1814 (step 83). 

If the determination is of YES, the execution right generation part 1813 

generates an execution righ~ provides infonnation indicating that the execution right 

is allocated to the read request, and calculates a new Tofs ~y the following 

expression (6) (step S4): 

Tofs=Tofs+ Treq ·· ·(6) 

If the detennination is of NO, on the other hand, the execution right generation 
.. 

part 1813 advances to a step 59. 

Then, the execution right generation part 1813 conipar~s .the new Tofs 

obtained by calculation with Tslt (step SS). 

If Tofs < Tsl~, the execution right generation part 1813 provides the .generated 

execution right ·with Nsft = O 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 tt!lil of the queue having a matched value of Nsft 

(step S7), and then the execution right generation part 1813 returns to the step S2. 

.--··-··· 
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lf Tofs ~ Tslt, 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 88), and advances to the step 87: 

Nsft=f(Treqlf sit) • • ·(7) 

where f(x) represents the minimum integer exceeding x. 

If Tlfs ~ Tslt at the step 82, the execution right generation part 1813 

·calculates a new Tofs by the following expression (8) (step SS): 

Tofs=Tofs-Tslt ···(8) 

Then, the execution right generation part 1813 determines whether or not the 

new Tofs obtained by cal~t.llation is greater than or equal to zero (Tofs ~ O) (step 

810). 

If Tlfs ~ 0, the execution right generation part 1813 instructs the execution 

right generation cycle table 1812 to update Tofs to the new Tofs obtained by 

calculation (step 811). 

If Tofs < O, on the other hand, the execution right generation part 1813 

updates Tofs to zero (step 812). 

Then, the execution right generation part 1813 determines whether or not all 

client IDs, Treq and Tofs registered in the execution right generation cycle table 

1812 are fetched (step 813). 

If the determination is of YES, the ~xecution right. generation part 1813 stops 

its operation, whil~ returning to the step 81 if the determination is· of NO. 

An operation. of the execution instrudion part 1815 shown in Fig. 18 for 

instruding 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. 

·!I 
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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 counting. 

The execution instruction part 1815 first initializes this count value C (step 821 ). 

Then, the ·execution instruction part 1815 fetches the head of execution rights 

queued in a queue having the minimum Nsft value, i.e., that having the minimum 

provided Nsft and the longest elapsed time from generation, among those queued 

· in the execution right queue 1816 {step 822), and then increments the count value 

C {step 823) .. 

Then, the execution instruction part 181.5 refers to the client ID given to the 

fetched execution right, fetches the read request from the client 1921 corresponding 

to the execution right from the processing queue 181:4, and instructs·the ~erver 

1922 to execute the same {step 524). Then, the execution instruction part 1815 

compares the count value C obtained by increment with Nmax (step 825). 

The execution instruction part 1815 returns to the step 822 if C < Nmax while 

instructing the execution right queue 1816 to decrement the values of Nsft of the 

remaining execution rights respectively if C ~ Nmax (step 826), and thereafter 

completes· the processing. 

The server 1922 receiving the execution· instruction in the aforementioned 

manner transmits the specified video information to ~e 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 reque~ 35 shown in Fig. 20·, thereby informing the 

video information providing unit 1920 of the completion of receiving. The resource 

release request 35 is provided with the client ID of this client 1921, and the 

registration instruction part 1811 receiving the resource release request 35 deletes 

ii 
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the provided client ID as well as Treq and Tots corresponding to this client ID from 

the execution right generation cycle table 1812. 

According to this embodiment, as hereinabove described, the processing 

queue 1814 queues read requests from the respective clients (1 ton) 1921 in case 

of scheduling the read requests so that the. server 1922 cyclically provides video 

iriformation to the plurality of clients {1 ton) 1921. The exec_:ution right generation 

cycle table 1812 registers th_e cycle Treq for generating the. execution right every 

client (1 to n) 1921, and the execution right generation part 1813 generates the 

execution right on the basis of the cycle registered in the execution right 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 corresponding 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 

situation~ of transmis.sion of read _requests from the remaining clients 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 the 

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 Tslt. 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 <!: Tslt), 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 generation part 1813 further generates an execution right, while repeating the 

operation of adding Treq to Tofs and comparing the result with Tslt. When the 

Tofs obtained by addition 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 cyde table 1812 is instructed to register 

the T ofs obtained by this calculation. 

As to a client 1921 having the time Tofs from the currenfStarted time to a time 

for generating the next execution right is greater than or equal to Tslt or having a 

read request not queued in the processing queue 1814, no execution right is 

generated but a new Tofs is calculated with respect to the Tofs by the expression 

Tofs = Tofs - Tslt, so that the execution right generation cycle table 1812 is 

instruct~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 instructs the execution right generation cycle tabre 1812 to 

register Tofs = 0. · 

Thus, the execution right generation part 1813 is started in the cycle Tslt 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 and compares the Tofs obtained by the 

calculation with Tslt, thereby determining the ctient 1921 for whom the execution 

right is to be generated and generating the execution right. Further, the execution 

right generation part 1813 repeats the operation of adding Treq to Tofs and 

comparing the result with the Tslt, thereby determining a plurality of clients 1921 

for whom execution rights are to be generated, and generates execution rights in 

the necessary number. The execution right generation 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. 

lf·the new Tofs obtained by calculation is less than zero, Tofs = O is registered 

so that Tofs of the client 1921 whose read request is not queued is reduced by 

. repeated subtraction of Tslt Thus, it is possible to prevent generation of a number 

of execution rights for .this client 1921 at a point of time when a read request is 

queued. 

Further, the execution right generation part 1813 provides the evalu~tion index 

Nsft calculated by the above expression (7) to the executed right generated in the 

aforementioned manner. The execution 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 request from the client 1921 

corresponding to this execution right. 

The execution instruction part 1815 recognizes the maximum number Nmax 

of the read requests executable by the server 1922 in the time equal to the cycle 

Tslt, 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 remaining execution rights. 

Thus, the· evaluation indices indicating precedence calculat~d as functions of 

the cycle for generating the execution rig~ts are provided to the execution rights 

generated by the· execution right generation part 813, ~nd 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 temporarily stops instruction of execution when execution of Nmax read 

requests is instructed, and decrements the evaluation indiees 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. Further, it is possible to prevent the server 

1922 from executing read requests in a number beyond its handling capacity, while 

the evaluation indices of the remaining execution rights are decremented every Tslt, 

whereby _the execution rights can b_e selected at least until after Treq + Tslt from 

generation. Therefore, the clients (1 ton) 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 

remai~ing execution rights is increased as the time elapses. 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 instructiol'.1 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 possible to prevent 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 ·1a1s 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 minim~m evaluation index. Thus, the 

processing operations of the execution instfl:lction 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 embodiment 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 right generation part 2693, a processing queue 2694 

and an execution instruction. part. 2695. The execution instruction part 2695 

includes an execution righf queue 2696. 

Fig. 27 is a block diagram showing the structure of a video information 

providing system 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 tom) 2702. 

The client 2701 shown in Fig. 27 cyclically transmits read requests to the 

plurality of servers (1 to m) 2702 of the video information providing unit 2700 

respectively. The client 2701 has a plurality of t?uffers and a plurality of monitors, 

and temporarily stores provided information in each buffer every server (1 to m) 

2702, for displaying pictures on each monitor while reading the stored information. 

The scheduling unit 2690 schequles the read requests so that video information is . 

cyclically provided from th~ servers (1 to m) 2702 to the client 2701. The servers 

{1 to m) 2702 transmit video information to the client 2701 by prescribed quantities 

in respon8e to instructions from the scheduling unit 2690~ It is assumed that the 

total information providability of the servers {1 tom) 2702 included in the video 

information providing unit 2700 is in exeess 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 in~cts the execution right generation 

cycle table 2692 to register a cycle for generating an execution right every server 

(1 tom) 2702 .. The execution right generation cycle table 2692 registers the cycle 

for generating the execution right. The execution right generation part 2693 is 

started in a prescribed cycle (hereinafter referred to as Tslt), and generates the 

execution right every server (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 evaluation index (hereinafter 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 

instruetion part 2695 is started in the cycle Tslt, acquires a read request 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 embodiment with reference to 

Fig. 20 are transmitted/received to/from. the video information providing unit 2700 

and the client 2701 shown in Fig. 27. A resource acquisition request 3-1 includes 

a server ID, in place of the client ID . 
.... .... ~ 

Fig. 28 illustrates the registered contents of the execution right generation 

cycle table 2692 shown in Fig. 26. As shown in Fig. 28, the execution right 

generat~on cycle table 2692 registers the server ID, Titv and an execution right 

generatior:w cyCle offset (hereinafter referred to as Tots) every server· (1 tom) 2602. 

While the cycles Treq in the table shown in Fig. 21 are values declared by the 

clients (1 ton) 1921 shown in Fig. 19, values Titv shown in Fig. 28 are calculated 

by a prescribed method on the basis of Treq declared 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 proce8sing queue 2694 queues· the read requests 

to the servers (1 tom) 2702 every server (1 tom) 2102·. 

Fig. 30 illustrates the queuing contents of the execution right queue .2696 

shown in Fig. 26. /.vs shown in Fig. 30, the execution right queue 2696 queues the . 

generated execution rights every provided Nsft. 

. Description is now made on an operation of the scheduling. unit 2690 shown 

in Fig. 27. for scheduling the read requests so that video· information is cyclically 

provided from the plurality of servers {1 tom) 2702 to the client 2701 through the 

transmission path 27043 respectively, with refere_nce to Figs. 20 and 24 to 30. 

First, an operation of the registration instruction part 2691 shown in Fig. 26 

for instructfng the execution right generation cycle table 2692 to register the server 

ID, Titv and Tofs. 

It is assumed here 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 desired server 2702 to the video information 

providing unit 2700. 

The registration instruction part 269~ recognizes the information providability 

of the servers (1 tom) 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 not 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 updated 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 calculated by the ·following expression (9), and transmits the resource 

acquisition response 32 to the client 2701, thereby informing the client 2701 of 

acceptanee of the request: 

Titv=1/(1/Titv+1/Treq} · • ·(9) 

The registration instruction part 2691 further instructs tne execution right 

generation cycle table 2692 to update the Tofs to a new Tots calculated by the 

following expression (10): 

T ofs=T ofs+(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 NO, on the other hand, the 

registration instruction part 2691 transmits the resource acqu.isition response 32 to 

the client 2701, to inform the clier:1t 2701 of no acceptance of the request. 

When the determinations ·are of YES as to both of the above items (a} and (b) 

. while the server ID of the specified server 2702 is not registered in the ·execution 

right generation cycle table 2692, the registration instruction part 2691 instructs the 

execution right generation cycle table 2692 to newly register the server ID, Titv and 

Tofs. In this case, the declared Treq and "0" are registered as the Titv and the 

Tofs respectively. 

ll 
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The operation of the execution right generation part 2693 for generating 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, Titv and Tofs of the plurality 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 also in a point that the 

new Tofs is calculated by th~ following expression {11) at the step 84 in Fig. ~4, 

in place of the expression (6): 

Tofs=Tofs+ Titv ·• ·(11) 

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

point that the Nsft is calculated by the following expression {12) at the step SB, in 

place of the expression (7): 

Nsft=f(Titv/Tslt) ···(12) 

where f(x) represents the minimum integer exceeding x. 

Then, 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 corresponding to the selected execution right among_ those queued in the 

processing queue 2694, and instructs the corresponding server 2702 to execute the 

.read request. The operation of the execution instruction part 2695 at this time is 

similar to that described in the ~ixth embodiment with reference to Fig~ 25. 

However, a count value 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 

ii 
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transmittable through the transmission path 2703 within a time equal to the cycle 

Tslt. 

When video information is provided in the. aforementioned manner and the 

provision 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 instruction part 2691 shown in Fig. 26 instructs the execution right 

generation cycle table 2692 to update the registered Titv to a new Titv ca_lculated 

by the following expression {13): · 

Titv=1/(11Titv-11Treq) ···(13) 

The registration instruction part 2691 instructs the execution right generation 

cycle table 2692 to update the Tofs to a new Tofs calculated by the above 

expression (10). 

According to this embodiment, as hereinabove described, operations similar 

to those in the sixth embodiment are performed in case of scheduling read requests 

so that video information is cyclically provided from the plurality of ·servers {1 to m) 

2702 to .the client 2701. When the client declares updating of an already 

registered ~le Titv for generating the execution right of 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 information 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. 

Thl;JS, it is possible to prevent increase of the number of the remaining 

execution rights with time due to the average number of the generate" execution 

rights Tslt exceeding the transmittability of the transmission path when the 

registered cycle is updated. 

When the client 2701 d~ares 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 generation cycle table 2692 to update the register~d 

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 generating 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 plural_ity of clients 2701 each having a 

single buffer and a single 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 cycles 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 (capacities 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 Tslt 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 i~ the time equal to the cycle Tslt in the sixth embodiment, Nmax 

may alternatively represent 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 cycle Tslt in the 

seventh embodiment, Nmax may alternatively represent the maximum number of 

read requests corresponding to the information quantity transmittable through the 

transmission path 2703 in a unit time. 

Scheduling may be so performed that a plurality of servers cyclically provide 

video information to a plurality of clients respectively by employing still another 

scheduling unit including the scheduling units shown in Figs. 18 ~nd 26. Namely, 

the scheduling unit shown in Fig. 18 first generates the execution rights for the 

respective clients, then selects the execution right of a certain client among the 

generated- ones, and inputs the read request corresponding to this execution right 

in the scheduling unit shown in Fig. 26. Then, the scheduling unit sh<?wn 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 -Tslt. 

Further, the execution right generation cycle tables 1812 and 2692 may 

ii 
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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 equal to Nmax, still another execution 

right queue shown in Fig. 31 may alternatively be employed in place 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 pointer when the count 

values C are greater than or equal to Ninax. 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 th~ like. This server unit has 

a function of reading data retrieving an internal storage unit and reading data 

corresponding to a data read request received from a l:Jser terminal 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 

resour_ce (ability for processing or transmitti~g 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 server unit ensures the resource 

use right before data transmission, not ·only for data such as dynamic images and 

sounds requiring continuity but for data such as still pictures requiring no continuity. 

Thus, it is difficult to ensure the resource for the data requiring continuity as the 

transmission quantity of the data requiring no continuity is increased, leading to 

incapability of data transmission at the worst. 

Desaiption 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 transmitting data requiring continuity even if the 

transmission quantity of the data requi_ring no continuity is increased. 

(Eighth Embodiment} · 

Fig~ 32 is a block diagram showing the structure of a data _transmission system 

employing a server unit according to an eighth embodiment of the present 

invention. Referring to Fig~ 32, this data transmis~ion system comprises a resource 

management 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 

according to this embodiment. is formed by the resource management part 3201, 

the data storage part 3202, the exchange part 3203 and the input/output part 3204. 

This server unit is connected with the respective terminals 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 ~ard disk drives 

or optical disk drivers provided with auto changers, for example) 3205, and a 

plurality of MSFSs 32.06 connected with the respective storage units 3205 for 

controlling data reading. The exchange part 3203 excha~ges data between the 

input/output part 3204 and the data storage part 3202. According to this 

embodiment, an ATM switches are employed for the exchange part 3203, for 

example. The input/output part 3204 includes a plurality of 1/0 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 110 unit 3207. 

In the aforementioned .structure, the exchange part 3203 sets a connection in 

the form of a mesh between each 110 unit 3207 and each MSFS 3206. The band 

of each connection is managed by the resource management part 3201. 

Fig. 33 is a block diagram showing a more detailed structure of each 110 unit 

3207 shown in Fig. 32. Referring to Fig. 3S, the 110 unit 3207 comprises a 

preferential .input/output control part 3301 and a non-preferential input/output 

control part 3302. The non-preferential input/output control part 3302 includes a 

command queue 3321, a 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 acceptance part 3327. 

The preferential input/output control part 3301 controls input/output of data 

(hereinafter referred to as preferential 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-preferential data from the user 

terminals 3208 every user terminal 3208. The command queue control part 3322 

controls fetch of ·the command from the command queue 3321. The command 

transmission part 3323 transmits the command fetched by the eommand queue 

control part 3322 to the corresponding destination MSFS 3206. The data buffer 

part 3324 stores data read by the MSFS 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 every user terminal 3208 requiring reading. -The data 

transmission part 3326 transmits the data stored in the data buffer part 33?4 to the 

corresponding 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 whether or not the command arriving from the user terminal 3208 

is registered in the command queue 3321. 

The operation of the server unit having the aforementioned structure is now 

described. 

First, desaiption 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, 

i.e., the data read band of each MSFS 3206, the communication band between 

each 110 unit 3207 and the exterior, the communication 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 management part 

3201 individually manages the respective separated resources. 

"fhe 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 read data are stored at random and the data are read in response to read 

requests received from the MSFS 3206 at random intervals. 

A preferential data output ope~ation is now described. In case of requiring 

output of preferential data to the server unit, each user terminal . 3208 requires 

assurance of a resource in a band necessary for transmitting the. preferential data. 

The preferential input/output control part 3301 receiving the request 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 band of the 1/0 unit 3207 from the band width previously 

allocated as the preferential resource, in· order to transmit the data of the 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 preferential data. If the resource is successfully ensured, on the other 

hand, the communication band of the 1/0 unit 3207, the data read band of the 

MSFS 3206 and the communication 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 1 the user terminal 3208 issues a 

command requiring output of the preferential data. The preferential input/output 

control part 3301 of the 1/0 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 acceptance part 

3327 shown in Fig. 33. Fig. 35 is a flow chart showing the operation ~f the 

command queue control part 3322 shown in Fig. 33. Fig. 36 is a flow chart · 

showing the operation 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. 341 the command acceptance part 3327 receives a command 
. . 

requiring reading of non':'preferential data from the user terminal 3208 (step 8101), 

and determines whether or not the command queue 3321 corresponding to the user 

terminal 3208 transmitting this command has a space area (step 8102). If the 

corresponding command queue 3321 has no space area, the command acceptance 

part 3327 rejects acceptance of the command (step 5103),. and returns to the 

operation at the step S101. If the corresponding command queue 3321 has a 

space area, on the other hand, the command acceptance part 3327 stores the 

received command in the final part of the corresponding command quel,Je 3321 

(step 5104), and completes its operation. The non-preferential input/output control 

part 3302 may not ensure the resource for transmitting data to the user terminal 

3208, dissimilarly to the aforementioned preferential input/output control part 3301. 

A_s shown in Fig. 35, the command . queue control part 3322 refers to 

management information stored in the buffer management part 33251 thereby 

selecting a command queue corresponding to a user terminal 3208 having the 

ii 
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minimum or no data quantity stored in the data buffer part 3324 (including not only 

the quant~ of actually stored data but the quantity of data reserved to be stored) 

from the command queue 3321 every user terminal 3208 storing commands. . If 

there are a plurality of user terminals having data of the same minimum quantities 

stored in the data buffer part 3324, a command queue having the maximum queue 

length {i.e. 1 storing the largest number of commands) is selected. If there are a 

plurality of command queues having the same queue lengths in· this case, further, 

the command queues are cyclically selected along order 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 5202). 

Then, the command queue control part 3322 sets initial values 1 and O in a. 

command counter Ne and a transmission command counter Ns respectively {step 

5203). Then, the command queue control part 3322 determines whether or not the 

destination MSFS 3206 for a command COM{Nc) is equal to that for the command 

COM{1) {step $204). If the destination MSFSs 3206 for these commands are equal 

to each other, the command queue control part 3322 fetches the command 

COM{Nc) from the selected command queue, and outputs the same to the 

·command transmission part 3323 (step 8205). Since the initial count value of the 

command counter Ne is 1, the command COM(Nc) is equal to the command 

COM{1) at first. Therefore, the head command COM(1) is first fetched from the 

. selected command queue, and outputted to the command transmission part 3323. 

Then, the C9mmand queue control part 3322 increments the transmission 

command counter Ns (step 5206). Then, the command queue control part 3322 

determines whether or not the count value of the transmission command counter 

Ns is less than a predetermined threshold value N (step 5207). The count value 
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of the transmission command counter Ns corresponds to the number of commands 

transmitted by the c;:ommand queue control part 332:2 to a single M8FS 3206 from 

the selected command · queue. If a number of commands are substantially 

simultaneously transmitted to a single M8FS 3206, congestion results in the M8F8 

3206 receiving the commands, and hence N or more commands are not 

simultaneously transmitted from a single command queue 3321 accordin~ to this 

embodiment. In other words, 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 transmission command counter Ns is less than the 

predetermined threshold value N. 

If the count value of the transmission command counter Ns is less than the 

predetermined threshold value Nat the step 8207, the command queue control part 

3322 determines whether or not a command represented by COM(Nc + 1) 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 selected command queue, i.e., if a command to be 

transmitted still exists in the selected command queue, th~ command queue control 

part 3322 increments the command counter Ne (step 8209), and thereafter returns 

to the operation at the step 5204. 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 8205 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 

fl 
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steps 8205 to 8207 are skipped after the step 8204, so that the command COM(2) 

is not outputted to the command transmission part 3323. 

_ If no command COM(Nc + 1) exists in the selected command queue, on the 

other hand, the command queue control part 3322 determines whether 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 MSFS 3206 at the data buffer part 3324 (step 8210), and returns 

to the operation at the step 8201 if the determination is of YES. -The command 

queue control part 3322 determines that the command transmission processing is 

completed when a receiving completion notice (refer to a step 8308 in Fig. 36 

described later) is· received from the command transmission part 3323. 

If the count value of the transmission command counter Ns exceeds the 

predetermined threshold value N at the aforementioned step 8207, the command 

queue control part 3322 advances to the operation at the step 8210, and executes 

no transmission processing for the. next command. 

As shown in Fig. 36, the command tran~mission part 3323 receives commands 

requiring reading of non-preferential data from the command queue control part 

3323 and initializes a read completion counter Nr (step 8301). · In other words, the 

command transmission part 3323 sets the number of all commands received froni 

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 

ciommands not.transmitted to the MSFS 3206 are held in the interior (step 8302). 

If untransmitted commands are held, the command transmission part 3323 selects 

and notes any one command (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 8303). 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 count value 

of each counter) in the buffer management part 3325. 

If · a space area is present in the data buffer part 3324, the command 

transmission part 3323 reserves an area for storing tne data in the data buffer part 

3324, informs the buffer management part 325 of this reservation, and transmits the 

. selected command to the de~ination M8F8 3206 {step 8304 ). If the area cannot 

be reserved, the command transmission part 3323 does not transmit the command 

requiring reading of non-preferential data to the M8F8 3206 until a reservable state 

is attained. By virtue~ of this processing, it is possible to prevent data received from 

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 terminal 

3208 transmitting the command for reading the data whose storage ·area is 

reserved ·in the data buffer part· 3324 wheri the notice of reservation is received 

from the command transmission part 3323. 

Then,· the command transmission part 3323 determines whether .or not the 

data buffer part .. 3324 receives data from the MSFS 3206 (s~ep 8305). If the data 

buffer part 3324 receives no data from the MSF8 3206, the command transmission 

part 3323 returns to the operation at the step 8302, and performs transmission 

processing for the next untransmitted command. If the data buffer part 3324 

receives data from the M8FS 3206, on the other hand, the command transmission 

ii 
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part 3~23 decrements the read completion counter Nr {$tep 8306). Thus, it comes 

to that the count value of the read compl~tion counter Nr indicates the n_umber of 

commands for which data are not yet completely transmitted from the MSFS 3206 

among the commands {i.e., all commands received froni the command queue 

control part 3322 this time) subjected to trans.mission processing this time. 

Thereafter the command transmission part 3323 determines whether .or not the 

count value of the read completion counter Nr reaches zero {step 8307). If the 

count_ value of the read completion counter Nr is not zeros the· command 

transmission part 3323 returns to the operation at the step S302s and performs 

transmission processing for the next untransmitted command. If the count value of 

the read completion counter Nr is zeroed, on the other hands the oommand 

transmission part 3323 transmits a receiving completion notice to the command 

queue control part 3322 {step 8308), and completes its operation. 

As clearly understood from the above description, it comes to that the 

command transmission part 3323 does not receive the next command from the 

command queue control part 3322 until all data corresponding to the transmitted 

comma-nds are _completely received from the MSFS 3206 after transmitting all 

commands transmitted fro~ the command queue control part 3322. 

The _MSFS 3206 receiving the commands requiring reading of non-preferential 

data temporarily stores the commands in a non;.preferential command queue 

provided in its ·interior. The MSFS 3206-fetches the· commands from 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 110 unit 3207 

requiring this reading and the MSFS 3206 for serving as a non-preferential 

\\ 
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. resource. At this time, this 110 unit 3207 does not simultaneously communicate with 

a plurality of MSFSs 3206 as to the receiving of the non-preferential data, whereby 

the MSFS ~206 can transmit the data through the whole communicatic;m bands of 

the non-preferential resources provided in the 110 unit 3207. 

The data arriving at the 1/0 unit 3207 from the MSFS 3206 are stored in the 

already reserved area .of the data buffer part 3324. The data transmission part 
. . . 

3326 fetches the data from the data buffer part 3324 in a communication band with 

the exterior of the server unit ensured as a non-preferential resource, to make the 

area having stored the data free. At the same time, the data transmission part 

.3326 informs the buffer management part 33~5 of. the data fetch. The buffer 

management part 3325 receiving this information decrements the counter 

corresponding to the user terminal 3208 transmitting the data read commands 

fetched from the data buffer part 3324. Then, the data transmission part 3326 

transmits the fetche~ 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 f~r outputting the preferential data and those (non-preferential 

resources) used for outputting the non-preferential 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 pr~erential data even if the read quantity of the non-preferential 

data is increased. 

The receivability of each user terminal 3208 for the non-preferential. 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 receivability thereof, the data read 

:1 
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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 

processing 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 1 O user terminals 3208 are connected to the server unit, 

each user terminal 3208 has receivability of 1 O Mbps, and the communiCation band 

between the 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 sing.le user terminal 3208 issuing the read request. 

Further, the data stored in the data buffer part 3324 at this time are reduced only 

at a speed of 1 O Mbps: If a read request for non-pref$rential data is received from 

another user terminal 3208 un~er ~uch 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 command requiring immediateness. 

In this case, further, the server unit which has eommunicatability of 100 Mbps as 

a whole provokes communicatability ·of only 1 O Mbps in practice, and the best use 

of the Jimited communication band cannot be made. 

According to the eighth embodiment, therefore, the management information 

stored in the buffer management part 3325 is referred to thereby selecting the­

command queue corresponding to the user 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 storing 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 best 

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 queue control part 3322 may 

interrupt command fetch from the selected command queue 3321. Thus, it is 

possible to further effectively prevent the data buffer part 3324 from being filled ~p 

with data of a specific user terminal 3208, so that read requests for non-preferential 

data 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 the MSFS 

3206. If no storage area can be reserved, the command transmisison part 3323 
. . 

does not transmit the_ commands requiring reading of non-preferential data to ·the 

MSFS 3206 until the area can be reserved. Due to the provision of such a 

command transmission part 3323, the .data received from the MSFS 3206 can 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 re.ceive 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 

from the MSFS 3206. Thus, the 110 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 110 unit 3207. 

{Ninth Embodiment) 

Fig. 37 is a block diagram showing a data transmisison system employing a 

server unit according to a ninth embodiment of the present inve~tion. Referring to 

Fig. 37-, this data transmission system comprises a r~source management part 

3701, a. data storage part 3702, an exchange part 3703, an input/output· part 3704, 

· and a plurality of user terminals · 3708. The server unit 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 plurality of random-accessible storage units (optical disk drivers 

provided 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 part 3704 includes a plurality 

of 110 units 3707, for controlling data input/output between the server unit and the 

user terminals 3708. Each user terminal 3708 is connected to any 110 unit 3707. 

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

the form of a mesh between each 110 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 the resources. of 

the overall system into preferential resources and non-preferential resources for 

managing the same, changes the quantities of the resourtes allocated as the 

preferential and non-preferential resources respectively in r~sponse to 

increase/decrease of the necessary quantity of the preferential resources. · 

Communication bands of. the A iM 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 transmission 

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 diagram sh~wing a more detailed structure of the 110 unit 

3707 in Fig. 37. Referring to Fig. ·38, the 1/0 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 part 3802 includes a command 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 acceptance 

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 380.1 controls input/output of 

preferential data such as dynamic image data. On the other hand. the non­

preferential input/output control part 3802 controls input/output of non-preferential 

data such as still picture data. 

In the non-preferential input/output control part 3802, the c6mmand queue 

3841 collectively stores commands from the user terminals 3708 requiring reading 

of non-preferential data. The command queue control part 3842 controls fetch of 

the commands from the command queue 3841. The command transmission part 

3843 transmits the commands fetched by the command queue control part 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 part 3844 to the corresponding 

destination user terminals 3708. The command acceptance part 3847 manages 

whether or not the commands arriving from the user terminals 3708 are registered 

in the command que~e 3841. 

In the command· transmission part 3843, each counter 3848 counts the 

number ·of commands whose data do not yet arrive from the MSFS 3706 in the 

transmitted data reading commands every 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 ch~rt 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 control 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 operations of the server 
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unit accorc;fing to the ninth embodiment are described. 

First, initialization of the resources performed in . starting of the system is 

desaibed. 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 3706, 

communication bands between the respective 1/0 units 3707 .and the exterior, 

communication bands of the 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-preferential 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 starting of 

the system, further, the resource management part 3701 sets ATM communication 

paths between the MSFSs 3706 and. the 110 units 3707 as the ~on-preferential 

resources by the ABR mode. 

An output operation for the preferential data is now described. In case of 

reqoiring output of preferential data to the server unit, each user terminal 3708 

requires assurance of resources of a band necessary for transmitting the 

preferential data. The preferential input/output control part 3B01 receiving the 

request for the resource assurance requires the resource management part 3701 

to· ensure the resources while specifying the band width. The 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 110 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 preferential 

resources is generated (step 8401), as shown in Fig. 39. Thereafter the resource 

management part 3701 determines whether or not the· aforementioned minimum 

band width (set in starting of the system) can be ensured for the non-preferential 

resources if the band width for · the preferential resources is changed to be 

incr~ased. 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 rejeds the increase of the preferential resources 

(step 8403), and returns to the operation at the step 8401. In this case, assurance 

of the preferential resources is unsuccessful and the server unit cannot execute 

output of the preferential data. 

If the minimum quantity ~n be ensured for the non-preferential resources 

even if the band width of the preferential resources is increased, on the other hand, 

the resource management part 3701 _sets the band width of the non-preferential 

resources allocated as the remainder of the preferential resources after change in 

the M8F8 3706 and the 110 unit 3707, and informs the command transmission part 

3843 of a threshold value L of the counter 3848 (step 8404). When the 

preferential input/output control part 3801 completely outputs the preferential data, 

the resource management part 3701 reduces the corresponding band width from 

the ensured preferential resources. 

The operations of the· resource management part 3701 and others are !:?imilar 
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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 5501 ), the command acceptance part 3847 determines whether 

or not the command queue 3841 has a free space (step 5502), as shown in Fig. 

40. If the command queue 3841 has no free space, the command acceptance part . . . 

3847 rejects acceptance of the command to the user terminal 3708 transmitting the 

same {step 8503), and returns to the operation at the step 5501. If 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 8504), and completes its operation. 

As shown in Fig. 41, the coinmand queue control part 3842 determines 

whether or not the command queue 3841 stores commands {step 5601 ), and 

determines whether or not at least one of the transmission queues 3849 provided 

every M8F5 3706 is filled up (i.e., stores commands up to the tail) if the 

determination is Of YES {Step 5602). 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 the same in the transmission queue 3849 

corresponding to the destination M5F5 3706 (step 8603). 

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 8604). The prescribed data quantity is 

defined as a data quantity Of non-preferent!al resources allocated to the 1/0 unit 

~707 at this point of time and transmittable in a predetermined ti.me through a 

smaller one of communication bands between the .110 unit 3707 and the M8F8 

3706 and between the same and the 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 returns 

to the operation at the step 8601, and fetches the next command from the 

command queue 3841 for transmitting the same to the command transmission part 

3843. When commands corresponding to the prescribed data quantity have been 

transmitted to the command transmission part ·3843, on the other hand, the 

command queue control part 3842 stops transmission of the commands from the 

command queue 3841 to the command transmission part 3843 for the time T (step 

8605). 

Assuming tha~ the communication band for the non-preferential resources for 

the 1/0 unit 3707 for outputting data to the exterior of the server unit is M (KB/s), 

the communication band for the non-preferential resources for the VO unit 3707 for 

receiving read data from the M8F8 3706 is N (Kb/r), the quantity of data read 

through a single read request command is 8 (KB) and M > N, for example, .it comes 

to that the command queue control part 3842 fetches commands from the command 

queue 3841 in a cycle of 8/N (sec.) and transmits the same to the command 

· transmission part 3843. . 

As shown in Fig. 42, the command transmission part 3843 initializes a value 

i expressing the destination M8F8 3706 for the command, i.e., sets the value i at 

1 (step 8701). 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 8404) set by the resource management part 3701 (step 8702). If 

the count value Co(i} is. less than the threshold value L (i.e., if Co(i} > L}, the 

command transmission ·part 3843 increments the count value Co(i} of the i-th 

counter 3848 (step 8703), and fetches a single command from the i-th·transmission 

queue 3849 for transmitting the same to the corresponding destination MSFS 3706 
. . 

{step 8704). Then, the command transmission part 3843 increments the value i 

(step 8705). 

Thereafter the command transmission part 3843 determines whether or not the 

data buffer part 3844 receives read data from the MSFS 3706 (step 8706), and 

decrements the count value of the counter 3848 corresponding to the MSFS 3706 

to which the received data is transmitted if the determination is of YES (step 8707). 

Then, the command transmission part 3843 determines whether or not the value 

i is greater than the total number of the MSFSs 3706 (step 8708). If the value i is 

not more than the total number of the MSFSs 3706, the command transmission part 

3843 returns to the operation at the· step 8702, and executes command 

transmission 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 8702,· the command 

transmission part · 3843 transmits no command to the c6rresponding i-th 

transmission queue 3849, in order to avoid concentration of read processing to a 

single MSFS 3706 and residence of commands iri this MSFS 3706. 

If the value i is greater than the total number of the MSFSs 3706 at the step 

8708, the command transmission part 3843 returns to the operation at the step 

8701. 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 fetches only one command if a noted transmission queue 3849 stores 

commands for transmitting the same to the corresponding destination MSFS 3706. 

Thus, the respective MSFSs 3706 uniformly perform read processing, wheret?y it 

is possible to prevent concentration of loads to any one MSFS 3706. Even if read 

requests from the user terminals 3708 are concentrated to a single MSFS 3706, 

command transmission processing for this MSFS 3706 is stopped 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 request in the internal non-preferential command queue.· Then, this 

MSFS· 3706 fetches the command from the non-preferential command queue in a 

·read band ensured for the non-preferential resources and executes data reading. 

The read data. is · transmitted through the communication path. ensured 

between the 110 unit 3707 requiring the reading and the MSFS 3706 in the ABR 

mode as a non-preferential resource. 

The data from the MSFS 3706 arriving at the 110 _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 {the above step 

5707). 

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 

fl 
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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 quantitr (minimum band width), whereby input/output of the 

preferential data is not influenced even if reading of the non-preferential data is 

increased, while reading of the non-preferential ·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 transmitted to the 1/0 units 3707 from these MSFSs 3706 

may coll.ide with each other to result in congestion in the A TM switches provided 

in the exchange part 3703. In the ninth embodiment, however, 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 .paths ensured in the ABR mode. Even if congestion takes place, 

therefore, the transmission rates from the MSFSs 3706 are immediately- reduced 

to solve the problem .of congestion. Therefore, the 1/0 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 

immediately increased for effectively utilizing the bands. 

According to the aforementioned ninth embodiment,· further, the commands are 

successively 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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1/0 unit 3707 for outputting data to the exterior of the server unit and that for the 

non-preferential resource for the 110 unit 3707 for receiving the read data .from the 

MSFS 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 

communicating with the MSFS 3706, whereby an eff~ct of suppressing congestion 

of the ATM switches resulting from data transmission of the MSFS 3706 can be 

expected. Further, an average band used by the data transmitted from the MSFS 

3706 is also equal to or Jess than the communication band for serving as a non­

preferential resource 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 1/0 unit 3707 can be suppressed. 

~n the. aforementioned ninth embodiment, further, the command transmission 

part 3843 transmits commands in a noted transmission 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 predetermined threshold value L, whereby 

the number of data which may be simultaneously transmitted from the MSFS 3706 

· is limited and an effect of suppressing congestion of the ATM switches can be 

expected. 

While the ·commands are fetched from the internal non-preferential command 

queue for executing data reading in the read band ensured as a non-preferential 

resource in the ninth embodiment, the commands may alternatively be fetched from 

the non;..preferential command queue for executing reading of the non-_preferential 

data when no 110 processing of data is peiformed for the preferential resources. 

In this case, it is not necessary to inform th~ 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 transmission queue 3849 are provided every 

MSFS 3706 in the aforementioned ninth embodiment, the number of data which 

may be simultaneously transmitted from the MSFSs 3706 is limited similarly to the 
. . 

ninth embodiment also when a single counter and a single transmission queue are 

provided every 1/0 unit 3707 with no attention to the transmission MSFS, and an 

effect of suppressing congestion of the A TM switches 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 acquired file· data and 

transmits 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 execution by· the server, 

while he canr:tot perform an operation of.temporarily stopping data transmission 

processing in execution and resuming the temporarily stopped data transmission 

processing. 

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

continuous transmission of data in relation to a single dynamic image file. 

A~rcling to this draft, it is defined that data transmission is temporarily stopped 

by "DSM ~earn pause", and resumed by "DSM stream resume". 

In relation to the pause for temporarily stopping continuous transmission of 

data at a certain transmission speed and pause release for resuming the 

temporarily stopped data transmission in the conventional file system handling 

dynamic image data,. however, no pause control system of resuming the data 

transmission at an arbitrarily 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 relea~e is taken into consideration. 

If the data transmission rate is changed around the pause processing, therefore, 
. . 

this m~y result in insufficiency of data necessary for continuous transmission, 

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 the transmission speed after pause release is arbitrarily specified in a file 

system for temporarily stopping and resuming continuous. transmission processing 

of data. 

(Tenth Embodiment)_ 

Fig. 43 is a block diagram showing the structure of a_ file system 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 data transmission request from the user 4303, acquire data from the data 

storage unit 43031 and transmit the data to the user 4303, and includes a data 

transmission part 43101 a data acquisition part 4311, a buffer 43121 a buffer 

management part 43131 and a pause control 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 unit 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 the user 4303 and controls the data 

transmission part 4310, the data acquisition part 4311 and the. buffer management 

part 4313. It is assumed that all data handled by the server unit 4301 and the data 

storage unit 4302 are operated in units of block~ of fixed lengths, and block 

numbers Indicating the positions in the data are continuously pr~vided to the 

respective blocks. 

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 positions of which express identical times. Reference 

numeral 4431 denotes the data transmission request from the user 4303 accepted 

by the server unit 4301 and the acceptance time. Reference numerals.4401A to 

·4403A denote data acquisition requests issued by the data acquisition part 4311 

to the data storage unit 4302 and the issuance times. Reference numerals· 4411 A 

to 4413A denote data acquired by the data acquisition requests 4401A to 4403A 

and times when the data transmission part 431 O 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 the buffer 4312. Reference numerals 4451 to 4454 denote time intervals at 

which the data transmission part 431 O transmits the data to the 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 referred 

to as Tsd) which is an average time interval between the transmitted blocks. 

When the data transmission request 4431 is accepted, the data acquisition 

part 4311 issues the data acquisition request 4401A for acquiring ·a single block 

corresponding 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 ~nsmission requests until the end block number specified 

by the data transmission request 4431 is reached. 

The blocks acquired from the data storage unit 4302 by the data acquisition 

request 4401Aare stored in the buffer 4312. A data acquisition time D, which is 

. . 

the maximum time between issuance of a data acquisition 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 data 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 acquisition 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 cont!nuously 

performed until data corresponding to the end block number specified by the data 

transmission request 44~1 is transmitted. Due to the aforementioned operation, 

continuous data transmission at the arbitrary data transmission speed specified by 

the user 4303 is implemented. 

Fig. 45 is a timing diagram showing the relation between a data· transmission 

reques~ data acquisition :requests and data transmission in a pause operation of 

the server unit 4301. With reference to Fig. 45, the operation of the pause 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 pause request from 

the user 4303 accepted by the pause control part 4314 and its acceptance time. 

Reference numerals 4404A to 4406A denote 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 requests 4044A and 4045A and times when the data transmission part 

431 O transmits the data to the user 4303. Reference numeral 4422 denotes the 

maximum time between the .issuance. of the data acq1:-1isition request 4404A and 

storage of the corresponding data 4414A in the buffer 4312. Reference numerals 

. 4455 to 4457 denote time intervals at w~ich the data transmission part 431 O 

transmits data to the user 430:3. 

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 to 4406A in response to the data transmission request from the user 4303 

and after the data acquisition reque~ts 4404A and 4405A are issued, the pause 

control part 4314 controls the data acquisition part 4311 to immediately stop 

Issuance of the data acquisition requests. Thus, the data acquisition request 

4406A is not issued from the data acquisition part 4311. Similarly, the pause 

<?Ontrol part 4314 controls.the data transmission part 4310 to immediately stop data 

transmission. The transmission times for the blocks 4414A and 4415A ·acquired by 

the data acquisition requests 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. 

ii 
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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 receiving a pause release request from the user 4303 is 

described. 

Referring to Fig. 46, reference numeral 4433 denotes the pause release 

request from the user 4303 accepted by the pause control part 4314 and its 

acceptance time. Reference numerals 4406A to 4408A denote data acquisition 

requests issued by the data acquisition part 4311 . to the data storage unit 4302 and 

issuance times thereof. Reference numerals 4414A and 441 SA denote two blocks 

remaining stored in the buffer 4312 in pause processing and transmission times to 

the user 4303. Reference numerals 4416A and 4417 A denote data acquired by the 

data acquisition requests 4406A and 4407 A after paus_e release and times when 

the data transmission part 431 O transmits the data to the user 4303. Reference 

numeral 4423 denotes the maximum time D between the issuance of the data 

acquisition request 4406A and storage of the corresponding data 441 SA in the 

buffer 4312. Reference numerals 4458 to 4462 denote time intervals at which the 

data transmission part 4310 transmits data to the us~r 4303. 

The user 4303 issues the pause release request 4433, and specifies the data 

transmission speed after pause release. The data transmission s_peed is specified 

by· a data transmission interval Tsd', which is an average time interval between 

transmitted blocks, similarly to that in the data transmis8ion 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 resume 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 time tsd. 

. The pause control part 4314 substitutes the data acquisition resume time trd, 

the number N of blocks in the buffer 4312, the data trarismission interval Tsd' after 

the pause release and the data acquisition time D in the following expression (14), . 

thereby obtaining the data transmission resume time tsd: 

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 data acquisition 

resume time trd, and decides the time obtained through the ~xpression (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 the data acquisition r~sume 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 trd to issue data acquisition requests successively · 

from the data acquisition 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 present invention 

is now described with reference to the drawings. The eleventh embodiment is 

similar in overall struCture to the tenth emb9diment 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 user 4303 is identical to the 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 43Q3 is identical to that 

of the tenth embodiment described with reference 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 and d~ta 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 .. 471 reference numerals 4741 and 4742 denote time bases, 

vertical corresponding positions of which express the same times. Reference 

numeral 4733 denotes the pause release request from the user 4303 accepted by 

the pause control part 4314 and its acceptance time. Reference numerals 47068 

and 47078 denote data acquisition requests issued by the data acquisition part 

4311 for a data storage unit 4302 and issuance t'imes thereof. Reference numerals 

47148 and 47158 denqte two blocks remaining stored in a buffer 4312 in pause 

processing and transmission times to the user 4303. Reference numerals 47168 

and 471,78 denote data acquired by the data acquisition requests 47068 and 

47078 and times when the data transmission part 43~0 transmits the data to the 

user 4303. Reference numeral 4724 denotes the maximum time D between 

issuance of the data a.cquisition request 47068 and storage of the corresponding 

data 47168 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 release request 4733, 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, 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 

number 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 pa1,Jse 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 
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. in the buffer 4312, i.e., the data transmission time 47148 in Fig. 47, is defined as 

a data transmission resume time tsd. 

The pause control par:t 4314 substitutes the data transmission resume time 

tsd, the number N of blocks in the buffer 4312, the data transmission interval Tsd' 

after pause release and ·a data acquisition time D in the following expression {15), 

thereby obtaining the data acquisition resume time trd: 

trd=tsd+N • Tsd'-D ···{15) 

The pause control part 4314 compares the data acquisition resume time trd 

obtained through the above expression {15) with the data transmission resume time 

tsd, and decides the time obtained through the expression {15) as the data 

acquisition resume time trcl if this data acquisitton resume time trd is in excess of 

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.data transmission resume time tsd by substituting the 

data acquisition resume time trd, the number N ~f 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 pause control part 4314 controls the data acquisition part 4311 at the 

decided data acquisition resume time trd to issue data acquisition requests 

successively from the data acquisition request 4706A for acquiring the block 47168 

next to the final block 47158 stored 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 ts~ to immediat~ly transmit the data 

successively from the head block 47148 stored in the buffer 4312 up 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 Fig. 43, except functions of 

respective blocks. Therefore, the twelfth embodiment is now described with 

reference to the structure 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. ..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 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 

tran~mission resume time in a pause release operation. Fig. 49 is a timing diagram 

showing the relation between a data transmission request, data acquisition requests 

and data transmission 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 request 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. Reference numeral 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 between 

issuance of the data acquisition request 4806C and storage of the corresponding 

data 4816C in the buffer 4312. Referenc~ numerals 4867 and 4868 denote time . 

intervals at which the dat~ transmission part 431 O transmits data fo 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 and a transmission time to the 

user 4303. Reference numerals 481 SC' 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. Refere11ce 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 4310 

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 _re,ease. The data transmission speed is specified 

by a data transmission interval Tsd' which is an average time interval between 

transmitted blocks, similarly to the case of the data transmission request. 

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 acquires the 

number N of blocks remaining· stored in the buffer 4312 after pause pro~ssing. 

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 4833 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 4814C in Fig. 48 and the data 

transmission time 4814C' in Fig. 49, is defined as a data transmission resume time 

tsd. 

The pause control part. 431_4 obtains a scheduled data transmission resume 

time tsd through the above expression (14). Then, the pause control part 4314 

compares the scheduled data ·transmission resume time tsd· obtained through the 

· expression (14) with the data acquisition resume time trd, decides the time obtained 

through ·the expression (14) as the data acquisition resume time tsd when the 

scheduled data transmission resume 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 pause control part 4314 controls the data acquisition part 431 ~ 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 

!I 
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block stored in the buffer 4312 up to the end block. siffiiiarly, the 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 

stored in the buffer 4312 up to the end block. · 

If the scheduled data transmission resume tima 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 performed: Namely, the_ pause control 

part 4314 obtains at 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= (D/Tsd') ···(16) 

where [X] is assumed 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 following 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 in the buffer, i.e., in order from the largest block number. Thus, 

the block number in the buffer 4312 matches with L. Consequently, the block 

4815C shown in Fig. 48 is deleted from the buffer 4312. 

The pause control part 4314 substitutes the data acquisition resume time trd, 

the block number Lin 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 acquisition requests successively 

fr9m the data acquisition request 4805C for acquiring the block 481 SC' next to the 

final block 4814C' stored 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 immediately transmit the data successively 

from the head block 4814C' stored in the buffer 4312 up 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 invention has been described in detail, the foregoing description is 

in all aspects illustrative and not restrictive. It is understood that numer~us other 

modifications and variations can be devised without departing from the scope of the 

invention. 

:ii 
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* C L M S ·• WHAT IS CLAIMED IS: 

1. A file system for reading or writing ~ata from or in a storage unit· for storing 

data in response to a request from an exterior, comprising: 

a resource management part for 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 reading or writing said data; 

to determine whether or not said band being required by said get resource 

message can be ensured on a basis of s~id maximum value and said used quantity 

of said handling capacity when said get resource message is received; and 

to update and store said used quantity if said required 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 reading/writing a data block hav!ng a fixed length fr'!m/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. 
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5. The file system according to claim 4, wherein information for identifying 

whether said get resource mes$age is for· reading or writing is given to said get 

resource message, and 

said resource management part stores two types of band quantities for 

reading and writing as band quantities being ensured in accordance with said 

request by said get resource message. 

6. T~e 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 parar:neter, and 

said resource management part 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 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 second delay time 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 warrantable by said file 

system, 

to receive a read blo<?< mes8age being provided with a second delay time up 

to start of transmission of read data as said parameter in case of performing data 

reading; 

to compare said second delay time with said minimum 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 sho·rter 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 reeeived; 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. 

1 O.· The file system according to claim 1, furt~er comprising a declared value 

management part for checking· a parameter being given to a get resource message 

arriving from the exterior, wherein 

said deciared value· management part is adapted iri data writing: 

to monitor ·a speed of data arrival; 

to compare said speed of data arrival being obtained as the result of said 

observation with a band width being ensured when said get resource message is 

accepted; and 

not to perform data writing but to make a violation notice to a transmitter of 
. . 

said get resource 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, fu~er comprising a declared value . 

management part for checking a parameter being given to a message arriving from 
. . 

the exterior, wh.erein 

said declared value management part is adapted: 

to ~eceive a read block message being provided with a read data quantity per 

ii 
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unit time as said parameter in data reading; 
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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 

band width being ensured when said resource message is accepted; and 

to stop said data 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, wherein a flag distinguishing 

reading and writing. from each other and information ir:tdicating said necessary band 

width are given to said get resource message. as parameters, and 

said resource management part refers to said flag wheri said get resource 

message is received to regard a band width being decided by said paral'T!eters 

being given to said get resource message as··said band width to be ensured in 

case of reading, while regarding a value obtained by multiplying said band width 

be!ng decided by said para.meters given to said get resource message by a 

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 

ii 
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unit time. 

15. The file system according to claim 141 wherein a flag distinguishing 

reading and writing from 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 resource 

· message is received to regard a band width being dec!ded by said parameters 

being given to said get resource message as said band width to be ensured in 

case of writing, while regarding a value obtained by multiplying said band width 

being decided by said parameters given to said get resour~e message 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 1/0 units controlling data writing or data reading_ in response 

to a request from a user, and an exchange unit connecting each said block storage 

unit with each said 110 un_it, each said 1/0 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 110 unit is adapted: 

to set an MS arrival slot dividing time every constant time so that a constant 

number of block read requests can be registered in said MS arrival slot; 

to allocate said MS arrival slot to said block read request in case of 

transmitting said block read 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 time between said calculated time and a current time to 

said block read request as a delay limit value and transmit the same 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 ~ccording to claim 16, comprising a plurality of server 

units being provided with said 110 units and said block storage units in the interiors 

thereof. 

18. The file system according to claim 16, wherein each said 110 unit 

allocates no said MS arrival slot to a block read request being not inputted in said 

exchange unit among said block read requests. 

19. The· file system accor~ing 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 res~urce management part is adapted: 

to receive a get resource message previously requiring assurance of a 

necessary band in case of performing data reading or data writing; 

to determine whether or not said band being required by said get source 

iii 
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message can be ensured on the basis of said maximum value· and said used 

quantity of sai~ handling capacity when said get resource message is received; and 

to update and store said used quantity if said· required band can be ensured 

as the result of said determination, and 

each said 110 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 necessary 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 1/0 unit 

reserves ·said. MS arrival slots 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 1/0 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 acco~ding to claim 19, wherein if an MS arrival slot being 

reserved at a time before the time rorresponding 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 110 unit regards the reserved MS arrival slot as 

an unallocated MS arrival slot and allocates said unallocated ·MS arrival slot to a 

data read request from a user acquiring no resource. 

23. The file system according to claim 19, wherein each said 1/0 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 resourees. 

24. The file system according to claim 1, further comprising: 

a single ·or a plurality of block storage units storing data; 

a single or a plurality of 1/0 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 

1/0 unit, wh~rein 

.each said 1/0 unit is adapted: 

to divide the magnitude of data being required to be written by said user into 

blocks having fixed lengths and transmit 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. 

ii 
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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 in/from a plurality of said storage 

· un!ts, 

decides ratios for arranging said file data in proportion to bands 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. 

26. A method of dispersing/arranging file data in respective storage units in 

a file system inputting/outputting said file data in/from a plurality of said storage 

units, 

decides ratios for arranging said file data in proportion to 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. 

27. A method of dispersing/arranging file data in respective storage units in 

a file system inputting/outputting said file data in/from a plurality of said storage 

units, 

decides ratios for arranging 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 in/from 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 respect~v~ said storage units in accordance 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 management 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 storage capacity in case of 

integrating ·all said 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; 

a total band control part for controlling said input/output bands of all said 

storage units on the basis of said value being calcul~ted in said band calculation 

part; and 

a total capacity control part for co~trolling 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 respective said storage units. 



: I lllllll llllll lllll lllll IHlll. 
* C L M S * 

-152-
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 management 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 ease 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 band management unit according to claim 28, wherein 
. . 

said capacity calculation part regards a minimum value as said storage capacity in 

C?ase of integrating all said storage units among values ·being obtained by 

multiplying said storage· capacities being 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 in/from 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, employing layout profile information 

describing distribution ratios of said file data in respective said storage units as 

said band characteristics of ~aid file attributes of said file . 

. 36. A file system for inputting/outputting file data in/from a plurality 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 individually allocating the same to a plurality of files being 

opened by said file open processing part, thereby simultaneously 

inputting/outputting data of a plurality of files. 

37. A file system for inputting/outputting file data in/from a plurality 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 
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a data input/output part for integratedly allocating single said band beinQ 

acquired in said band acquisition part to a plurality of files being opened by said 

file open processing part, thereby alternately inputting/outputting data of a plurality 

of files through the same said band. 

38. A scJ:leduling unit for scheduling service requests so that a server 

cyclically provide~ services to a plurality of clients, said scheduling unit comprising: 

first queue for queuing service requests from said plurality of clients; 

registration means for registering cycles for generating execution rights for 

said plurality of clients; 

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 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 according to claim 38, wherein said execution right 

generation means is started in a prescribed cycle for determining at the time of 

starting whether or not said execution 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, while 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 

starting the execution right generation means and determines whether or not said 

execution rights are generated by comparing said time being obtained by said 

calculation with said cy<?le for starting the execution right generation means. 

41. The scheduling unit according 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 for generating next said execution 

right, being less than a cycle Tslt for starting the execution right generation means 

(Tofs < Tslt) and adds a cycle Treq for generating said execution right being 

registered in said registration means to said Tots 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 _obtained by said addition is greater than or equal to 

Tslt (Tofs ~ Tslt). 

42. The scheduling unit according to claim 41, wherein said execution right 

generation means repeats an operation of further generating 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 Tslt (Tofs < Tslt), and calculates 

a new Tofs for the next starting from an expression Tofs = Tofs - Tslt with rasped 

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 

exe~ion right, being greater than or equal to said Tslt (Tofs ~ Tslt) or having a 

service request .being not queued in· said first queue, and calculates a new Tofs 

for the next starting through an ·expression Tofs = Tofs - Tslt with respect to said 

Tots. 

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 (Tots < 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 rigl'Jts, and 

said execution instruction means selects an 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 

generatio~ means calculates said evaluation index Nsft 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 being registered in said 

registration means and ·said cycle Tslt 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. 
. . 

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 generated by said execution right generation means every· said provided 

evaluation index in order of generation, for selecting the execution right having 

smaller said provided evaluation index· and being precedently generated 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 ~ans recognizes a maximum number of service requests, execution of 

. which is instructed in s~arting, 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 instructed in starting, being 

recognized by said_ execution jnstruction means is a maximum number of said 

service requests being executable by s_aid server in a time being equal to said 

cycle for starting the execution right generation means. 

53. The scheduling unit accordin_g 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 equal to said m~imum 

number, and decrements said evaluation indices of the remaining said execution 

rights. 

54. The scheduling unit according to claim 53, wherein said maximum number· 

of said service requests, execution of which is instructed in starting, being 

recognized by said execution instruction means i~ a maximum number of said 

service requests being executable by said serve~ in a time being equal to said 

cycle for starting the execution right generation means. 

iii 



:' 111111~ 1111~ 11~111111111111 
s . * 

-159-
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 according 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, and when 

registration of a further cycle is declared in addition to the already registered said 

cy.cles, $aid registration instruction means instructs said registration means to 

register 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. 

57. A scheduling unit for scheduling the ·service requests so that a plurality 

of servers cyclically provide services to a client respectively, said scheduling unit 

comprising: 

first queue means for queuing service requests to said plurality of S!9rvers; 

registration means for registering cycles for generating _execution rights for 

sa.id plurality· of servers; 

execution right generstion 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 

ill 
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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 said execution rights are generated for respective said 

~ervers on the basis of said cycles for 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 
. . 

generating next said execution right on the basis of said 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 time to a time for generating next said execution 

right, being less than a cycle Tslt for starting the execution right generation means 
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. (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 T¢s 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 <!:: Tslt). 

61. The scheduling unit according to claim 60, wherein said execution right 

generation means repeats an operation of further generating an execution right, 

adding said .Titv to said Tofs and comparing the result with said _Tslt 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 Tots= Tofs -Tslt with respect to 

said T ofs when said Tofs. being obtained from said addition is greater 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 ser,ver having the Tofs, 

which is. the time between the current started time and the time for .generating next 

said execution right, being greater than or equal to said Tslt (Tofs <!:: 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 Tots for the next starting if said new Tofs being 

obtained by said calculation is less than zero (Tofs < 0). 

iii 
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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 claim 64, wherein said execution right 

generation means calculates an evaluation index indicating precedence as a 

function of said cycles for generating execution rights being registered in said 

registration m~ans 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 said execution right 

generation means on the basis of the provided evaluation index. 

66. The scheduling unit according to claim 65, wherein said execution right 

generation means calculates an evaluation index Nsft by a function Nsft . = 
f(Titvfrslt}, where f{x} repres~nts a minimum integer exceeding x, with respect to 

said cycles Titv for generating execution rights being .registered in said registration 

means and said cycle Tslt for starting the execution right generation mearis, and 

sai·d execution instruction means selects an execution right having smaller 

said evaluation index Nsft being provided thereto. 

67. ·The scheduling unit accordin.g 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. The scheduling unit according to claim 65, wherein said execution 

instruction means includes second queue means for ql:leuing said execution rights 

being generated by said execution right generation means every said provided 

evaluation index in order of generation, for ·selecting 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 

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. 

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 in$truction 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. 

:ii 
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72. The scheduling unit according to claim 66, wherein said execution 

instruction means recognizes a maximum number of said service requests1 

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 evaluation indices of remaining said 

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. 

7 4. 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 a~ording to claim 74, wherein said registration 

instruction 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 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 

registration means to register said cycle if the same determin~s that an average 

number of generated said execution rights c:>f all said servers per unit time is not . 

:ii 
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in excess of said maximum number even if further registration is made, while 

making said cycle not registered if the sal'J'!e determines otherwise. 

76. The scheduling unit according to claim 7 4, wherein said registration 

instruction means recognizes a maximum number of service requests, execution of 

which is instructed 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 

registration means to register said cycle if the same determines that an average 

number of generated said execution rights of each said server per unit time is not 

in excess of said maximum· number of the· service requests, execution of which is 

instructed by said execution instruction means to the server per unit time, even if 

further registration is made, whi!e 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 means 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 according to· claim 7 4, wherein said registration 

instruction means recognizes· a maximum number of service requests, execution of 

which is instructed by said execution instruction means to all said ser\/ers per unit 

time, and a maximum number of said service requests, 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 prescribed server being already registered to a cycle for generating an 

execution right with further addition of a cycle Treq, said registration instruction 

means instructs said registration means to ·update said cycle Titv to a .new Titv 

being calculated by an expression Titv = 1/(1ffitv + 1ffreq) in case of determining 

that an average number of generated said execution 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 ~Y said execution instruction means to said all servers per 

unit time and in case of determining 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 requests, execution of which is instructed by said execution 

instruction means to said server per unit time,. while not updating said Titv in case 

of determining otherwise. 

79. The scheduling unit according to claim· 7 41 wherein when a declaration 

is made to update 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 instru~s said registration means 

to update said Titv to a newTitv being calculated by an expression Titv = 1/(1mtv · 

- 1ffreq). 

80. A server unit being connected 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 request, said 
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server unit comprising: 

a- data storage part storing various data and being accessible at random in 

response 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 s~id input/output part and 

said data storage 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 part 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 resources (non-preferential resources) being employed for outputting data 

(non-preferential data) for which no continuity may be guaranteed to said terminals 

to manage the same. 

81. The server unit according to claim 80, wherein each said terminal is 

divided into a plurality of groups, 

said input/output part includes a plurality of 110 units being provided every 

said group of said terminal, 

each said 1/0 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 input/output control with 

respect to a command requiring reading of said non-preferential data being sent 

from said terminal of corresponding said group, 

said data .storage part 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 includes: 

a command queue for temporarily storing commands requiring reading of said 

non-preterential data being sent from said terminals of corresponding said group; 

a command queue control part for fetching said commands from said 

command queue; 

a command transmission part for transmitting said commands being fetched 

by said command queue control part to corresponding destination of said MSFSs; 

a· data buffer 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 qu_eue is 

provided in correspondence to each of a plurality of terminals belonging to - . 

corresponding said group for storing said commands from corresponding said 

terminal in order of arrival, 

s~id command queue control part executes command fetch processing which 

selects single said command queue storing said commands from a plurality of said 

ii 
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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: 

transmits 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 comman~ queue control part 

when ~he 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 data 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 management 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 of_ 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 

control part 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. 

87. The server unit according to claim 81, wherein said command queue 

control part decides cycles for outputting said commands to said command 

transmission part on the basis of a smaller one of a communication band serving 

as a non-preferential resource for each said 1/0 unit "for outputting data to each 

said terminal and a communication band serving as a ·non-preferential resource for 

each said 110 unit for receiving said non-preferential data being read from said data 

. storage part. 

I 

88. The server unit according to claim 81, wherein said command 

transmission part includes: 

ii 
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a plurality of transmission queues being provided in correspondence to 

respective said MSFSs for storing said commands being received from said 

command queue control part for respective said MSFSs; and 

a plurality of processing number counters being provided in correspondence 

to respective ones of said · transmission queues, being incremented every 

transmission of said commands from corresponding said transmission queues to 

said MSFSs and being decremented every arrival of data being read from 

corresponding said. 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 commands being 

transmitted from respective -said transmission queues to said MSFSs so that said 

number of unarriving non-preferential data be.ing 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 manages a communication band of said exchange part, a band 

for said data storage_ part for reading data, and a communication band for said 

input/output part 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 an 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 Changes a quantity being allocated as said preferential. resources 

among said resources of overall said server unit in response to read requests for 

said preferential data from said terminals_. 

93. The server unit according to claim 92, wherein said resource 

management part allocates all resources, which are not allocated as said 

preferential resources, among said 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. A file sy~em for issuing a data acquisition request to a data storage unit 

in res~nse to a data transmission request from a user and transmitting the data 

being a~ui(ed from said data storage. units in accordance with said data 

acquisition request to said user, said file system comprising: 

a data acquisition part for successively acquiring data from said data storage 

unit in order from a position being specified 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 stored in 

said buffer in order being specified by said data transmission request continuously 

at a specified transmission speed and transmitting the same to said us~r; and 

a pause control part for receiving a pause request and a pause release 

request from said user for controlling said data transmission part, said data 

acquisition part and said buffer management part, wherein 

said pause control part 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; arid 

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 last of said data being 

stored 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 acquisi~ion resume time trd for making said data acquisition part 

resume data acquisition, a quantity N of said data ·being stored in said buffer after 

said pause processing, a data transmission speed 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-NN ···(a) 

96. The file system according to claim 94, wherein said pause control part 

substitutes a data transmission resume time tsd for making said data transmission 

part resume d~ta transmission, a quantity N of said data being stored in said buffer 

after said pause processing, a data t~nsmission speed V after pause release and 

a time D ·being required by said data acquisition part for data acquisition in the 

following expression (b) in case of receiving said pause release request from said 

user, thereby calculating a data acquisition resume time trd for making said data 

acquisition part resume data acquisition: 

trd=tsd+NN-D · • ·(b) 

97. the file system according to claim 94, wherein when receiving said pause 

release request from said user, said pause control part: 
. . . 

determines whether or not a quantity· of said data being stored in said buffer 

after 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 dat~ 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 ·determination, thereby deciding a head position of said data being 

acquired by said data acquisition part after pause release. 


