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the | nvent i on *166166* - The invention general ly relates to a server for
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Féth?aﬂgs for efficiently transmtting a. plurality of time f?g:??ng he

I'timedia applications in a time- division nultiplex by ngﬁltmn20®2

ggsignnent of a CPU (central pro-essing unit) opeyatlznttho zp ade2
transmtted applications. 2. Description of the Prior Ar p
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fvision multiplex by controlling the assignment of a CPU (central prozessing

unit) operation time to the transmitted applications.

2. Description of the Prior Art

10 Applications including video, animation and/or audio are hereinafter
referred to as time-series multimedia applications. Compressed multimedia
applications may be either transmitted directly as they are (direct
transmission), or once stored in'a storage device and then transmitted at

‘constant r‘ates (stored transmission).

15

In the direct transmission, the compressed applications are launched

Into a network regardless of the transmission band of the network, which may

cause the transmission rate to exceed the transmission band variable with

A
time, resulting in the destruction of transmitted data. For this reason, the

direction transmission js possible only when the network transmission band is

sufficiently higher than the transmission rate, in which there is no need of the

present invention.

A transmission scheme of stored multimedia at a constant rate is

described in “Video server software—VicleoNetworkFileS_vstem,"' IEICE (The

Institute of Electronics, Information and Communication Engineers) trans.

[
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Vol. J-77-A, No. 9, pp. 1-8. In this system, stored applications are read out and

transmitted at a constant rate. This system reads out a frame of data for each
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25 vol. J-77-A, No. 9, pp. 1-8. In this system stored applications are
read out and transmtted at a constant rate. This systemreads out a frane
of data for each 1 4 March 2002 of stored applications to be transmtted
for transm ssion. Assuming that two applications AP 1 and AP2 are to be
transmtted and that both the frane size of the two applications are 10
Kbps, if the applications AP 1 and AP2 are to be transm ttaq séh pedes of
10 Kbps and 5 Kbps, respectively, then the systemb5 transmts one APl frane
per second and one AP2 frame per two seconds. In this way, each
application is transmtted at a constant rate as long as the total |oad on

the CPU doesohgorekagditatione tpbeteafimigtedoBacidntnatsibhe ,;’i;l%dtt total
transm ssion rate close not exceeds the transm ssi on Eé%%ﬁ%% &Pgﬁﬁg
network. Howebelicativmsst LendiARDae wrte trahsiaktoey sndahibsbhb@thelPahb dis
therefore an ohject of the invention to provide a nmethod and a system

whi ch are useﬁdwﬁew aieitlisariops mead0ddust ifahs mipphit Ao AAPS 0fd AP2 RIcbiGbity of
mul ti medi a agrlicati ns differ fromrequired transm ssion rates for the
appl i cati ons *Qﬁ%w}?ﬁ Rt aptestdrl Odibrrcand hdlhisneespetidesy, tiferf fie SRthO t he

t hr eads f@r Egansnﬁttingrﬁge mul ti nedi @ applications such that the 15

appl i cat i ons "ZPE"EISORE ¢ dEAr¢ Pehsegopd findeaha ABR $rhrss pentwatecondsr Bduct i on
in the transp.ssi rate of a. thread cquses a delay of transm ssion by the
thread resul ﬁlgya%eé%/%ﬁﬂcﬁ}%dﬁ ’F?d‘r'?@“ftregr?érﬁ qanstANtasHt be dangomsthel totals
anot her obj egdaqaf, i iop to provide a nmethod of and a_20 system for
tenporarily chang) r%e?ﬁgv%%%gggfei‘%eﬁ 82}“? RECCEFSPE £BPRCIEY fbthe CRBsndthe he
threads so asothPtia@S@isktort P& caRED e transmitted .applications.
It is another object of the fnven%?g%ﬂ%gg%@%gﬁggsguﬁ%?% Bngﬁaﬁgigbgﬁen1

whi ch are usadhmh&nH%herQWMQ%eQBn&&ﬂﬁs%&é98§aﬁ%%ghgggﬁehp the threads has

10 It is therefore an object of the invention to provide a method and a
system which are used when actually measured transmission rates of a
plurality of multimedia applications differ from required transmission rates
for the applications and which are for allocating time slices of the CPU to the
threads for transmitting the mulﬁmedia applicétions sucH that the

15  applications are transmitted at the required transmission rate.

A reduction in the transmission rate of a thread causes a detay of
transmission by the thread resulting in asynchronism among transmitted
“applications.

It is another object of the invéntion to provide a method of and a

20  system for temporarily changilng the allocation of the available time slices to
the threads so as to resolve the ésynchron‘ism among transmitted
applications.

It is another object of the invention to provide a method and a system

which are used when the number of time slices available to the threads has

o
(95

decreased to be insufficient to transmit the applications to be transmitted and
which adjust the allocation of the available time slices to the threads

according to the priorities of the applications.
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25 decreased to be insufficient to transmt the applications to be
transmtted and which adjust the allocation of the available tinme slices to
the threads according to the priorities of the applications. 2 4 March
2002 SUMVARY OF THE I NVENTION A nethod for transmitting nmultinedia
applications including a video and an audio at respective adapted transfer
rates in a server connected with a network is provided. Thd M&th002
operates on an operating systemwhich 5 permts a nultithreadi ng by
allocating tinme slices to thread. The nethod conprises the steps of: for
each application, preparing data on a reqw red transfer rate indicative of
a permtted Iovvest transfer 4 14 ) PRITN N generating threads
for respective applications; 10 all ocatl ng an I n| tial nunmber of slices to
each thread to | et Ametbhdé@;d&antsmmﬁm i ultesRa hy}ﬂlc%@%gqgémgmga (%%UI‘I ng
a transfer rat<Fal of each thread at a tinme interval; calculating a nunber of
slices to be2aafcandy at sesngchive identdstrehs ehastestihe s asathebicaw{@ra rate
of each thread\gl each .application) becomes 15 equal to the required
transfer rat&®H °”tl‘h‘é PP dieéafﬁéﬁelt"leaﬁﬁﬁﬁteedn lay dpleeatibpspsidn &hiklal | ocat i ng
t he cal cukat nber f slices to ach t hread. The nunber of slices are
cal cul at ecgi @grm%t ﬂ)’ﬁ}’? rd“ﬁa‘g‘@rgrké'n‘il Icghimetimepslieds toctdread dlat mathed each
thread by a Pplsggtﬁeh&eéeggl red transfer rate to the 20 neasured
transfer rate. I'n respons a detection of asynchroni sm anong the

applications, a c%;ggg f slices are tenporarily allocated to |
each thread such that @WI Cal r%’r?"%@%tab‘gbﬁ reYHERG bBifingéy 1efet he end

of a subsequémndicktiv®of g permltted lowest transfer rate for the application;

generating threads for respective applications;

10 allocating an initial number of slices to each thread to let the threads
transmit respective applications:
measuring a transfer rate of each thread at a time interval;
calculating a number of slices to be allocated to each thread such that
the measured transfer rate of each thread (i.e., each application) becomes
15

equal to the required transfer rate of the application transmitted by the
thread; and -

allocating the calculated number of slices to each thread.

The number of slices are calculated by rﬁultiplying a current number
of slices .allocated to each thread by a ratio of the required transfer rate to the
20 measured transfer rate.

In response to a detection of asynchronism among the applications, a
corrected number of slices are temporarily allocated to each thread such that

the applications have been synchronized by the end of a subsequent time

interval.

o
ur

In response to a detection of a decrease in a total of the measured
transter rates, the system allocates less slices to applications of lower

priorities and more slices to an application of a higher priority.
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interval. 25 In response to a detection of a decrease in a total of the
neasured transfer rates, the systemallocates |l ess slices to applications
of lower priorities and nore slices to an application of a higher
priority. 3 4 March 2002 A nethod for transmitting data to a plurality of
destinations in a server connected with a network is also provided. The
nmet hod conpres the steps of, creating a thread to each des#iMemth 2002 and 5
in response to a request fromone of the thread, returning a unit of data
to be preferably transmtted at a tinme of the request, wherein the step of
returning a unit of data includes the step of: in response to a detection

that a difference bemseRed tdiarhhiRiteh et aéég’g‘ﬂﬁghg’n?éﬁﬁﬁ}‘gﬁ | ast

request froma thread different fromthe r 8“Tér’§maller

than a val uesasepcomteetedrivith @ﬂeumcxg&'lﬁﬂpﬂ%%{deﬂdmg RethSALLA 85 Phe essing

unit of the server, returning a same unit of data as return ed fe tine
of |ast reque®ps OBRI EF DESCRI PTI ON OF THE DRAW NG The features and

advant ages of the present invention will be 17 apparent fromthe follow ng
description of an éxeatpreayhesdsowh enehtdesfinktion: amwenti on and t he
accorrpany; ng drawing, in which: FIG | is a schematic di agram show ng an

exenpl ary” net wor k 11 r¢spongditag reqnedttiromding dfnhethfaidp Fets@h iR a 4Qit381d
client term Qal S 3%9 t he erver transmtting a plurality of nultinedia
appl i cati ons b e oﬁ‘Wé‘?’F@@ XnFreR spattad at ol tirse oA the e preb dv verein ofe tdap of

i nvention; tic, bl ock di agram showi ng an exenpl ary
architecture Qf“mlﬁ'g asg?sé’?elnga clpdes the stpafit is oper ati ng;
In response to a detection that a difference between the time of the

request and a time of last request from a thread different from the requesting

10 thread is smaller than a value associated with an unoccupied period of a
central processing unit of the server, returning a same unit of data as
returned at the time of last request.

BRIEF DESCRIPTION OF THE DRAWING
The features and advantages of the present invention will be
15

apparent {rom the [ollowing dlescription' of an exemplary embodiment of the
invention and the accompanying*drawing., in which:

FIG. 1is a schematic diagram showing an exemplary networlk 1
including a multimedia information server 10 and client terminals 20, the

server transmitting a plurality of multimedia applications in accordance with

2Q an illustrative embodiment of the invention;
FIG. 2 is a schematic block diagram showing an exemplary
architecture of the server 10 of FIG. 1 when it is operating;
FIG. 3 is a diagram showing the applications M1 through MS3.
FIG. 4 is a diagram showing a multimedia application table 270 for

0 ST o . . .
25  containing various informatjon on the multimedia applications 260 stored in

the mass storage 106;



FIG 3 is a diagramshow ng the applications M through M3. FIG 4 is a

di agram showi ng a nul ti nedi a application table 270 for 25 containing
various information on the nultimedia applications 260 stored in the nass
storage 1.06; 4 4 March 2002 FIG 5 is a diagram showi ng how t he operating
system 240 initially allocates available tinme slices to the threads THL
through TH3; FIG 6 is a diagram showi ng an exenpl ary oper adiMgrclegodbz by
the threads 154, the control program 252 and the OS 240; 5 FIG 7 is a

di agram show ng how franes of FIG 3 has been transmtted for the first 2T
seconds; FIG 8 is a diagram show ng exenplary screens 32-1 and 32-2. of
the clients 30-1 afiG: . is2a R hLGartd .and e addressed to
the clients 30-1 and 30-2, ??gp%%ﬁvogﬁ%%%g %%%%eganlllggéysrl\{%’&?éagﬂpagﬁom ng

a slice al | ocdloraigs apeilalle afinot1i6RYLAQ th LT rply0f the control
program 252 in accordance with the principles %P%?ﬁog&%nﬂgﬁti on;, FIG 10 is

a flow chart show nglGre exedplgasy hWIRE asldyegrahlOGaL | operation 75
execut ed by U 100 under the conditi onL’of thepg%)ﬂﬁtﬁ%}rhg%é?@%bﬁh%z in
accor dance” witP¥radsd Spr thectopited pobgrane 258 vedttherds By 11 is a di agram
show ng ap exenpl ar | ice allocation based on the result of step 300 of
FIG 10; FIG 12 isﬁ(lﬁdﬁ S0t difesaoviey ing hoivieainas bf BIES3 heamsehtt ed by the
t hreads THL tra I;I:r%nitn t.he bafsis9 the allocation of FIG 11; 20 FIG 13 is
a di agr am shoVaG ERE Y the et Zdesreondsi1 and 32.2 of the clients 30-1 and
30-2 when nul tinedigdrames,are transmtted as shown in FIG 12;

is'a diagram showing exemplary screens 32-1 and 32-9 of the
clients 30-1 and 30-2 when the applications M1 and M2 are addressed to the

clients 30-1 and 30-2, respectively;

10 FIG. 9 is a flow chart showing a slice allocaﬁng operation of CPU 100

under the control of the control program 252 in accordance with the principles
of the invention:
FIG. 10 is a flow fchart showing an eiemplary normal slice allocation
operation 75 execqted by CPU 100 under the condition of the control program
15 252 in accordance with the principles of the invention:
FIG. 11 is a diagram showing an exemplary slice allocation based on
the result of step 300 of FIG. 10;

FIG. 12 is a diagram showing multimedia frames transmitted by the

threads TH1 — THS on the basis of the allocation of FIG. 11:

FIG. 13 is a diagram showing exemplary screens 32-1 and 22.2 of the

clients 30-1 and 30-2 when multimedia frames are transmitted as shown in
FIG. 12;
FIG. 14 is a flow chart showing an exemplary synchronization

operation according to the principles of Lhe invention;

o
Tt

FIG. 15 is a diagram showing an exemplary slice allocation based on

the result of step 318 of FIG. 14:

FIG. 16 is a flow chart showing an exemplary preferred audio

; .



FIG 14 is a flow chart showi ng an exenpl ary synchroni zati on operation
according to the principles of the invention; 25 FIG 15 is a diagram

showi ng an exenplary slice allocation based on the result of step 318 of
FIG 14: FIG 16 is a flow chart showi ng an exenplary preferred audio 5 4
March 2002 al |l ocation operation according to the principles of the
invention; FIG 17 is a diagram showi ng an exenpl ary al | oca#iManclo2002 ne
slices before the preferred audio allocation operation 77 is executed;

FIG 18 is a diagram show ng an exenplary allocation of time slices 5
after the preferred audio allocation operation 77 is executed;, FIG 19 is a
di agr am showiahgcating etrre ationrséeidin@it@theofri adlp RYGF eh a0, o iy deo change with
the change in the transm ssion bandw dth of the network 5 ; FIG 20 is a

graph showing a rellBG dfisisiapdibetameshotvieg hhreﬂbhgﬁl)&ly alld2a8ibd oﬂ‘ﬁn& ERRsfer
delay in the network 20; FIG 21 is a diagramshowng a network data table
280 for the PRE¥®bRKpIferrl@udipallecation aparation 1799 enedige@n exenpl ary
transfer rate optifggi@g operation according to the principles of the
invention; 15 FIG 1181y agdiggramm sbavwnn gn exemplanyyalldcatiog ob tingatiaes

requests £ro threads THL d TH3;, FIG 24 is an exanple of a
shar abl e iif-)nt egrt\?gpg% 85‘1%"83@6‘:36‘? g@%@élwefﬁﬂ%ﬁﬁimmmdﬁt@l; 25 is a flow

chart show ng an exgmpplary data read operatio 20 executed by CPU 100
under the control of ailél"[‘)a1 a"“fﬁggraarglf B'ﬂgﬁ%“’itﬂﬂmeli rates pbag gmtlicohnd

program 252 iaRiA&SERNE Wifh @héj@ltxﬁ'léeeﬁuﬁséttrgrrlsonmsasliopr)\a]?akner}width of the network
20;
FIG. 20 is a graph showing a relationship between the throughput

10 and the transfer delay in the network 20;

FIG. 21 is a diagram showing a network data table 280 for the
network 20:;
FIG. 22 is a flow chart showing an exemplary transfer rate
optimizing operation according to the principles of the invention:
FIG. 23 is a diagram showing exemplary timing of data requests from
the threads TH1 and TH3: -
FIG. 24 is an example of a sharable interval table according to the
Invention;
FIG. 25 is a flow chart showing an exemplary data read operation
20 executed by CPU 100 under the control of a data read subroutine included in
the control program 252 in response to a data request from a packet
transmitter thread THi in a single media distribution in accordance with the
principles of the invention:
Y op : :
FIG. 26 is a diagram showing an exemplary allocation of slices to Lhe

threads TH1 and TIi2:

o
(Sl

=\ .‘)-'" : " . L .
FIG. 27 is a diagram show ing how frames arc returned to the threads

In response to the requests issued as shown in FIC. 23 In an allocation state of

6



transmtter thread TH in a single nedia distribution in accordance with
the principles of the invention; FIG 26) is a diagram show ng an _
exenplary allocation of slices to.the 2.5 threads THL and TH2; FIG 27 is
a di agram showi ng how franes are returned to the threads in response to
the requests issued as shown in FIG 23 in an allocation state of 4 March
2002 FIG 26; FIG 28 is a diagram showi ng an exenpl ary al | agadrce200%
slices to the threads THL and TH2; FIG 29 is a diagram show ng how franes
are returned to the threads 5 in response to the requests issued as shown
in FIG 23 in an allocation state of FIG 28; FIG 30 is a diagram show ng
an. exanpl e 0fGa26rame stream transmtted fromthe server 1 to a client
30; FIG 31 is a diagram showi ng an exenplary received tinme table 10

stored in a client 0. 28derdiagrdm shbeinnyeBkeRplark! Boc3doh Sf &iddsqy fhart
showi ng an exenplary receiving operation executed by a CPU of a client

when the cli éhteadeddilend TH2ane addressed thereto through the IF 31; and
FIG 33 is a flowchart showing a part of a display operation. "f the 15
client 30. ThroughdlkG-12%eisdrdingram shheismhew dtenents whemshowhe thremi€

than one figure are designated by the sanme reference nunerals. DETAILED
DESCRI PTI %N ST e BRI O NS CE UoENFS hown in FIG. 23 in an allocation state of

FIG. 28;

FIG. 30 is a diagram showing an example of a frame stream

transmitted from the server 1 to a client 30;

FIG. 31 is a diagram showing an exemplary received time table

10 stored in a client 30 according to the invention;
FIG. 32 is a flow chart showing an exemplary receiving operation
executed by a CPU of a client 30 when the client receives a frame addressed

thereto through the IF 31: and

FIG. 33 is a flow chart showing a part of a display operation of the
15  client 30. |

Throughout the drawing, the same elements when shown in ynore

than one figure are designated by the same reference numerals.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1is a schematic diagram showing an exemplary networlk 1

20 including a multimedia information server 10 and client terminals 50-1, 30-
2,..., the server transmitting a plurality of multimedia applications in
accordance with an illustrative embodiment of the invention. The. scrver 10

and the clients 30 are interconnected with a network 20. The network 20 may

be any suitable network which provide a time-division multiplexed

o
ot

multimedia application transfer with a limited transfer bandwidth.

The multimedia information server 10 may be any suitable computer



FIG 1 is a schematic diagram showi ng an exenplary network 1 20 including a

mul tinmedia information server 10 and client, termnals ;0-1, 30- 2-- , the
server transmtting a plurality of nmultimedia applications in accordance
with an illustrative enbodi nent of the invention. The. server 10 and the

clients 30 are interconnected with a network 20. The network 20 may be any
sui tabl e network which provide a tine-division nultiplexed 3%arghtopedi a
application transfer with a limted transfer bandw dth. The nultinedi a
information server 10 may be any suitable conputer 7 4 March 2002
conprising; a CPU 100; a read only nenory (ROM 102; a random access

menory (RAM) cpfiliricingas SPAI 00Ggerdede mor AT BN D hat et aces
(I'Fs) 120; an output devices 122 such gs a ?jli“g(p ay gg'\“/i%:g?miloﬁBlftc“%Févi ces

124 such as TaeReyHERAND 194nBussss Rbkage c@ﬂ%eq%omﬂfﬁﬁ%@ééhﬁ’ﬂe L)ftﬁb@rc?su gh

which 5 nultipedia applications are |aunched into the networ h order
to take in )i FOdra cappht deicesn] 22 hehsey ¥ dfs )kfdéﬁéé; REpuC QERELSES, a
optical disc deyice . 134 which plays an opti caﬂ isc such as a DVD (digital
vi deo disc), HEHS g kaihoacd aimonpe, ett.c andmctommuhld-0Reil® Gabagh RaKty | F 1: 32
for recei \éi an gul ti.redi a, aﬁpl ication data fromthe external. 10 FIG 2 is
a schemati’c BrBCREfiagPaticatins Are lamnekedrpitarthe natwbilt 2Ctlur@rdef 16 baSRY Ver

10 of FIG 1 L k. 1S er.ating. The nass storage device 106 stores an.
operating sys%%naél%],a . pﬁ{‘)iﬁ{l ?ret@l%a?eﬁéerrv]é}hﬁﬁ}@@@mmms o gptidal disnddviéang

mul ti medi a appl4 ek ' ordance with principles of the

i nvention, and muil ]%%]%%Ygag'?ag’g 'f la‘f}f‘%ﬂéc ‘Bﬁ)?ﬂﬁ%(%ﬂﬂtail Middoalisdr 9 €D 15
program 250 i(e&hpa@sig)cant ram.252 which contrals the transm ssion
oper ati ons and ;Ht r ar%sr)ﬁ %éég%?(%{r?glrﬁn%ﬁl ‘ga%ﬁdﬁp‘i‘fsﬁ?ﬂﬁ%&crer@cwmmg operation

to actually tmahinédiaapplpRlibsatiPLRoab08,shecified by the control program
252. The operating system 240 alﬁ)ogg}gjse %\%/gﬂaébl e time slices of the CPU

100 to 10 FIG. 2 is a schematic block diagram showing an exemplary
architecture of the server 10 of FIG. 1 when 'it is operating. The mass storage
device 106 stores an operating system 240, a multimedia server program 250
for transmitting multimedia applications in accordance with the principles of
the invention, and multimedia applications 260. The'mu]tim.edia servar
15 program 250 includes a control program 252 which controls the transmission
. operations and a transmitter program 254 which is threaded during operation
to actually transmit an application 260 specified by the control program 252.
The operating system 240 allocates available time slices of t'he CPU 100 to
packet transmitter threads 154 (l.e., tothe application to be transmitted). The
20 control program 215 determines the number of time slices t.o be allocated to
each thread 154 based on required transfer rates stored in the mass storage

device 106 and actual transfer rates measured by monitoring the transmitted

data streams as detailed below.

It is noted that the way of the mass storage 106 storing a multimedia

1o
it

application is either such that the whole application is stored continucusly or

such that a fraction of the application is sequentially stored and read out for

transmission just as is done in a buffer



packet transmtter threads 154 (i.e., to the application to be
transmtted). The 20 control program 215 determ nes the nunber of tine
slices to be allocated to each thread 154 based on required transfer rates
stored in the nass storage device 1.06 and actual transfer rates neasured
by nonitoring the transmtted data streans as detailed below. It is noted
that the way of the mass storage 106 storing a nmultinedia 2Magpbogation
is either such that the whole application is stored continuously or such
that a fraction of the application is sequentially stored and read out for
transm ssion just as is clone in a buffer. 8 4 March 2002 In the foll ow ng
description of the RPEALLNin dod.Sine: t three nmultineda
applications, say, a fi rglgﬂn{)r%él {l)enécgip%?étaﬁﬁ)ﬁw%asneo&hdlsr'?&ﬂ"&ﬁg?g?t’:fléﬁeé MR
and an audi o nMBtiatelik @QppHcities Bhi tL8rstFhRiomd vl jjlagram showi ng the
appl i cati ons ML thgougﬁbl\/B. I'n Fl%i ngtégg%ﬁogoFict%ng lgfplp?isgﬁ ‘?%ﬂ“,"\{\"émM (i =
1, 2, 3), comwptise¥Xamdraa aoilid®PareFobh trEheRittdd TG 3 icld qd sumed t hat
each frame Fi-j (j =1, 2,....) should be E'rlse’g’etﬁig%ﬁﬁ'?e{s,a (%lragﬁé;}?r’itted)
every T sec6hewingtheotrpdicationsid]] theufhae. lfr{EHBleS?Ce)échofEFéagﬁ?iti&&i s M
through MB is 1/T Hz. FIG 4 is a diagramshowi ng a nultimedia application
tabl e 270°f oMi (& k@nBhicrmrgisearizouss éidannBL-L0Ri-BrFLHe. MlstdRBHIA that
applications 260,.stored in the mass storage 10G Each record of the table
270 at | east eé@hb‘rainsee -} §& bi%el dsshofld hepiresattediti.¢. DirhBiniaad) swayiT ed
transfer rate RTB of the al}f)]plication.. According to the table 270, the
requi red tran&fe - P pthergyo fethedpermedtepieacke! thavm aserdalvBMartbraQH®ss, 5
Kbps and 10 kKb ,fPHEespectiver. 15 For each application to be transmtted,
M, the control "program 252 creates a packet transmtter thread TH . The
Chread T ) o by ot ot p FEPERNESIte Shn OB SR ST Al S0 S0 & °°"

10 containing various information on l‘.hel multimedia app]icatibns 260 stored in
the mass storage 106. Each record of the table 270 at least comprises the fields
of application ID MIDi and required transfer rate RTRi of the application.
According to the table 270, the required transfer rates of the applications M1,
M2 and M3 are 10 Kbps, 5 Kbps and 10 Kbps, respectively. |

15 For each application to be transmitted, Mi, the control program 252
creates a packet transmitter thread THi. The operating system (OS) 240
responsively allocates some time slices to each thread THi in a predetermined
manner. It is assumed that the OS..’Z-'IO é;l]ocates the same number of slices to
each thread THi as shown in FIG. 5. In.FIG.. 5, the time slice labeled

20 “VACANT is a time period for which the CPU 100 has nothing to do. The time
slice labeled “OS” is a time period for which the CPU 100 is bccupied. by the OS
240 or other application program(s).

Once slices are allocated to the packet trans.mitter threads 154, the

Lhreads start respective transmission operations, FIG. 6 is a diagram showing

o
(8]

an exemplary operation cycle by the threads 154, the control program 252 and
the OS 240 during transmission operation. While the threads 154 are

transmitting the applications M1 through M3 (block 50), the control program

9



manner. It is assunmed that the OS 240 all ocates the sane nunber of slices
to each thread TH as shown in FIG 5. In FIG. 5 the tinme slice |abeled
20 "VACANT' is a tinme period for which the CPU 100 has nothing to do. The
time slice labeled "OS" is a tine period for which the CPU 100 is occupied
by the OS 240 or other application progran(s). Once slices are allocated
to the packet transmitter threads 154, the threads start ra3pReh pos
transm ssion operations. FIG G is a diagramshowi ng 25 an exenplary
operation cycle by the threads 154, the control program 252 and the OS 240
during transm ssion operation. Wiile the threads 154 are transmtting the

appl i cat | ons 25 skhisuahuGhLeF kaBAVTHIGGARNY SmPs BAMI. 4 Mopgh 2002

252 neasures the transfer rates MIRL t _ 1

t hrough TH3 thtangk BHB .(bIbBE 60P MHeOdonRF D Prad 35p | eni odi cal |y
determ nes how to allocate tine sl ioces&?)cr) Fﬁét HF%S%%E%X)BS%O#HEJH%Q s of

the neasur e deteanshes hoattosl IMIRE-tBnb Qlibed QF Rt (AGe SB i rmned 5
nunbers of slices to be allocated (block 70) .e Theen, ﬁ?‘gorg)gjetzg%lgﬁfg%eat es

the det er i mehshombemsieafratésd T i-B es it forhhaetds 0adss 1544kt oek.80) - The
cycle copprising blocks 50 through 80 continues till the applications M.

t hr ough arenber afisliceg toba abloogtedsblock 40N Theeate T4 24641168ads out t he
first frame Ki-1 of the 10 specified application M, adds a destination
address to tN&leTRYRed paREbers o timgaglices o the thraapadkeé(hlodndos Aids:yelt t he
packet to thﬁorple)t.wor kblzo%/s ];)(i shoukd be noted that in reading out a franme
of data, a thPERESTIS Plels PeLrongh B0mentimugssilbithearailidationadl 1 thissghr in a
t hi nned- out W“Qferexﬂatu 'ks further noted that a thread TH may conpress and

encode the read frane a‘?% before assenbling 15 the read frane data into a

packet. The processyfygm E6adi A9 Q84 Bt rl%qereggs gutn%ﬂet&rr;%?ria?ngg‘gllio(%atl}li: on M

10 specified application Mi, adds a destination address to the read frame Fi-1
data to form a packet, and sends out the packet to the network 20. Tt should be
noted that in reading out a frame of data, a thread THi may read out the
frame data either as it is or in a thinned-out manner. It is further noted that a
thread THi may compress and encode the read frame data before assembling

15 the read frame data into a packet.

The process from reading out a frame of a multimedia application Mi
to sending out the assembled packet has to be done for the slice time allocated
to the application Mi or the thread THi. Howeve.r, a time period necessary for
the process varies depending on the type and the format of the application.

20  Therefore, the amounts of transmitted data from the threads 154 may vary
even if the same time is allocated to the threads 154. It is assumed that,
frames of the applications M1 through M3 has been transmitted for the first

2T seconds as shown in FIG. 7.

On the other hand, & client terminal, say, 30-1 receives a packet that

[ ]
(1]

is addressed to the terminal 30-1 and supplies the multimedia data contained

in the packet to a suitable output device 32-1. FIG. 8 shows how the

transmitted frames of FIQ. 7 are presented in the output devices 32-1 and 32-

10



to sendi ng out the assenbl ed packet has to be done for the slice tine
allocated to the application M or the thread TH . However, a tine period
necessary for the process varies depending on the type and the fornmat of
the application. 20 Therefore, the anmounts of transmtted data from the
threads 154 may vary even if the sane tinme is allocated to the threads 154.
It is assuned t hat frames of the applications ML through ¥WigchagoPeen
transmtted for the first, 2T seconds as shown in FIG 7. On the other
hand, a client termnal, say, 30-1 receives a packet that 25 is addressed
to the termnal 30-1 and supplies the multinedia data contained in the

packet to a sloftdalcticats ol ey kIRn3d: ow the transmtted
frames of FIG 7 are presented in 'Fhee(])“d)tplﬁcgl %\%ﬂ(.:'és a‘ggeis%t@t $ clignyy Mar ch

2002 2 of thekl iaadithe 3PplicaPord; m%dm AR0, addressed to the
client 30-1 and the applications M and MSAaé(g@% @ﬁg&%@gﬁ?a ?(11512 client

30-2 HoweverEovevetaifalats is transmiitie@dt atrade bR IBHCAE rocessi ng
capacity of he client, say, 30-2, then this re tsdl%ljral)g%st ?‘?e%g I'acet tures

in case of iFREElENHaRY 3hd, Hoinsthis pasnds mrtIeQ@c&ﬁ/eqflcﬁﬁgéﬁa b3 a hovvn in
t he outpuL device 32- 2 of FIG 8. Turning back to FIG 6, the con rol .
program 252 Fﬂﬁtf‘@& dulisysounsisgurcese of amdibetats ak ebowh ihhBebhE F&dsevldd 32

t hrough THS, tsPE;LI(S‘irrg{ough MIR3, respectively (in block (30). Assum ng t hat
the data anmpuh? he 10 applications ML through MB for T seconds (i.e.,

a frame's worth of ach plication M) are 10 Kbps, then the average
transfer rates for ?Hrmf]?&’gf{ "T%Qeéoﬁﬁ‘sconml’wm@h"IWRBdwar]e 5 Kbps, 10

Kbps and 20 KRpPswrk en fr, FIG 7. In block 70, the
control program é%f%lgls gfrel%\éﬁjé%g ‘H‘%aﬁ %gre‘zfldlsgg[g]} shyqugh THE, MTRkthroogkach
thread TH omnMTRe, Rasbainfly (ReviBBasyy ed Lhanster. natges MR

r1ounts of the

10 applications M1 through M3 for T seconds (i.e., a frame’s worth of each
application Mi) are 10 Kbps, then the average transfer rates for the first 2T

seconds, MTR1 through MTR3, are 5 Kbps, 10 Kbps and 20 Kbps, respectively

as seen from FIG. 7.

In block 70, the control program 252 determines how to allocite time

slices to each thread THi on the basis of the measured transfer rates MTR1

through MTR3. FIG. 9 is a flow-chart showing a slice allocating operation. 70 of

CPU 100 under the control of the control program 252 in accordance with the

principles of the invention.
After step 60 of FIG. 6, CPU 100 makes a test to see if the
20  applications M1 though M3 can be transmitted at the required transfor rates
RTRI through RTR3 respectively in step 71. Specifically, CPU 100 makes the
following test:
| MTRa - RTRa| <1, (0)

W MY LY . o . . . I
here the suffix “a” indicates that the application is an audio application, and

o
ot

b is a positive value. The value |y may a constant or vary with time. 1f the

v 1 r ? » ’ y
alue b is variable, the value b may be automatically changed by measuring

the change of the transfer rate MTRa of the audio application(s) such that the

11



through MTIR3. FIG 9 is a flowchart showng a slice allocating operation.
70 of CPU 100 under the control of the control program 252 in accordance
with the principles of the invention. After step 60 of FIG 6, CPU 100
makes a test to see if the 20 applications ML though MB can be transmtted
at the required transfer rates RTRL through RTR3 respectively in step 71.
Specifically, CPU 100 makes the followi ng test: MIRa - RTRaMarch 2002(0)
where the suffix "a" indicates that the application is an audio
application, and 25 b is a positive value. The value b may a constant or
vary with tune. | f the value b is variable, the value b may be

automati cal | eﬁnﬁ @ uri ng t he change of the transfer rate MIRa of
the audio ap |ca é%/n% eFadPYthe change Matlehtr2QeRriraedMATR 4.)514Q) 1S

not affect edyays the trgnsfer rate MIRa. Since AD is an audio
appl i cation altrzi@d/1 tI\E/ll?'F% gg%?él%ﬁ @“é@gﬁ ‘pangdnRTRE dtb 20 Kbps desqoilbgst above,
a test is nmaglgct J < b. Alternatively, tﬂg

c 19e§%§ov gﬂggﬁmsmﬁl:\yfo aeeljl IF# BR3< RFR3| ¥ 19 where a is a

followi ng test nay be na

positive constant. Al e nd/or (1) . is true, CPU 100 stores
erhﬁ'ﬁvé'{} H#atlolugwﬂé% %rnﬁa% ePade: (the flag Mis used in

0 in a lgcation Ae.%
a preferred audi o ]a Iac;c Rgﬁl oﬁer MO, detailed later). In steQ1)73 CPU
100 makes another test i 10 step 73 to see if the total transfer rate is

smal | er thanchdig X r,ansfer rate of the network 20. Alternatively,
the follow ng test rrba%%ﬁlﬁﬁcf DSk < (1 +/3) RTR, (2) where 13 is a

constant |argezZ~ . I[{Lhe%necn a%lt(\:'?é) éntﬁ/or (ls) 1glr;§tteer0al3t‘)lljelot()2t§rii Otlrxlea {c:cgtr;:)n
Mor sets a flag M to 0 in step 72 (the flag M is used in a preferred audio
allocation operation detailed later). In step 73, CPU 100 makes another test in
10 step 73 to see if the total transfer rate is smaller than the maximum transfer
rate of the network 20. Alternatively, the following test may be made.

]ZMTRi < (1+[3)-IERTRi, | | (2)

<

where 8 isa constarxt la'rggﬁa% .In this case, it is preferable to set the right
side of the inequality (2) to a value near the maximum transfer rate of the

15 netlwork 20. If the test result is YES In step 73, which means that the overall
transmission rate is in an acceptable range, then CPU 100 performs a normal
slice allocation operation (detailed later) in step 75 and ends the slice

allocating operation 70.

Il the test result is NO in decision step 71, which rnelans thal one or

20 more application can not be transmitted at a rate not lower than a required
transfer rate, then CPU 100 performs a preferred audio allocation operation
(detailed later) in step 77. If the test result is NO in decision step 73, which
means that the measured transfer rates are so high that the delay time in the
network 20 can not be neglected, then CPU 100 performs a transfer rate

25

optimizing operation (detailed later) in etep 79. After step 77 or 79, CPU 100

ends the slice allocating operation.



side of the inequality (2) to a value near the maxi mumtransfer rate of the
15 network 20. If the test result is YES in step 73, whi‘ch neans that the
overall transmission rate is in an acceptable range, then CPU 100 perforns
a normal slice allocation operation (detailed later) in step 75 and ends
the slice allocating operation 70. If the test result is NOin decision
step 71, which neans that. one or 20 nore application can aMar&§2002
transmtted at a rate not lower than a required transfer rate, then CPU
100 perforns a preferred audio allocation operation (detailed later) in
step 7 7. If the test result is NOin decision step 73, which neans that
the measured transtesumanesharthesonbi=ghs tdaind he F8 @¥nhig® liegpé'gﬁ,ebnetvmrk
20 can not be neglected, then CPU 100 perforns a transfer rate 2 ’

opti ni zi ng operdasdusntiielebaiehedntianed pxampk &R dQeriBd §hovdd €Re Z0n 08 (49, CPU
100 ends the slice allocating operation. 12 4 March 2002 Assum ng that the
constants - t8auaifd Yransleerateand2d IGpsiespedDivEly FIGWE) dinslclaS i 8! th
above-nentioned exanpl e. As described above, the sumof the requi rede
transfer rat‘é‘faﬁ%regér%ﬁgr tatesist33 (bps&=iont B G204)]L iaeldat bigatsthen of t he

measured gransfer,.rates is. Khps (= 5 + 10 +20). It is clear that the 5
i nequal i t5§/ ?1” eqlughéva@?éﬁ‘?%&ﬁﬁu?t‘ﬁ%ﬁh gpped5 351833 6 BE5RhS)ineqindity :

inequality (@) :d I ati-sfied. Thus, the pnormal transfer rate subroutine
i s execut ed @ub ?ﬁ?sﬁggﬁiee& F@HS e nprmal thppglenr psnsuperting dnecGledh i s a

flow chart sqigwng an exenplary nornmal slice allocation 10 operation 75
executed by CPU 100 under the condition of the control program 252 in

accor dance V\Nb{-"mbhg]iwjmgé'ﬁqlo%sof;%ratt ¢ invention. In step 300, CPU 100
cal cul ates the nunber of slices to be allocated to the threads THL - TH3

P:tsgg on the neasuiféd. toahsfRky J@Jr@%hwl%]g an M&pﬁa%gnmtrgl% s}ipeeahgc%rgisofner
10

operation 75 executed by CPU 100 under the condition of the contro] program
252 in accordance with the principles of the invention. In step 300, CPU 100
caleulates the number of slices to be allocated to the threads.THl —-TH3 l;ased
on the measured transfer rates MTR1 - MTR3 such that the transfer rates
become equal to the required transfer rétes RTR]..— RTR3.
15 One of allocation schemes adaptable in this case is to calculating the
number of slices to be allocated to the thread THj simply by nsing the ratio of
RTRI/MTRI. Specifically, assuming that the number of slices having been
allocated to a thread THi is SNi and the number of slices to be allocated to a
thread THi is SNi', the number SNi' is given by the equation:
20 SNI' = SNi- (RTRI/MTRi). (3
Since SN1=8N2 = SN3 = 2 according to FIG. 5, we have:
SNI'=2-(10/5) = 4
SN2 =2-(5/10) = 1 and
SN3' = 2-(10/20) = 1.

1o
Ut

Accordingly, four slices are allocated to the thread TH1 and one slice is
allocated to each of the threads TH2 and TH3 for every T scc. as shown in FIG.

11. The changing of slice allocation results in data transmission for the next

13



beconme equal to the required transfer rates RTRI. - RTR3. 15 One of

all ocation schenes adaptable in this case is to calculating the nunber of
slices to be allocated to the thread TH sinply by using the ratio of
RTRi/I\,1TRi . Specifically, assum ng that the nunber of slices having been
allocated to a thread TH is SNi and the nunber of slices to be allocated
toa thread TH is SNi', the nunber SNi' is given by the eqWMariro20020 SNi '
= SIN- (RTR/MIRi ). (3) Since SN1 = SN2 = SN3 = 2 according to FIG 5, we
have: SNI' = 2-(10/5) =4 SN2' = 2'(5/10) =1 and SN3'=2(10/°0)= 1. 2.5
Accordingly, four slices are allocated to the thread THI and one slice is~
al l ocated t i2Baedh Rfshbhs ; |-12 and TH3 for every T sec. as shown in
FIG 1.1. The changihﬁg%ol%lrgﬁglzzéﬁt tsacﬁsﬁ'ngi‘ree‘éleqﬂf §Oi°ﬁ1:é§1; & dagmansni ssi on
for the nextmésswreMBhe by s _sh in FIG 12. In this case, the
bl ock 60 of FIG 6 agai na%g@éaég?is }‘}‘{3%{?%%5\,\?@11 thzeugh TH3 teeolithireads THL
through TH3 to obt M{TR1 =MRLbys 10 Kbps, MIR2 = 5 Kbps, and 5 MIR3 = 10
Kbps. In this case, the frames of FIG 12 are presented on rel evant out put
devices 32-1 and BPFE2 efs Kbgs,cddgents 30-1 and 30-2 as show in FIG 13.
Though the ratios RTRI/MIR are sinply .used for the calculation of the
number of time sli¥BR3Is BeKhpd ocated to the threads THL - TH3, the 10

al | ocated sl.i cg nunbers may be adaptively changed at each execution of step

300. Thus, &VdRissasepthelipomeast ehangedré Reesthk & oRLLRGALI 81r1]tpfu(%rcleiv}c§esom
32-1 and 32-2 of the clients 30-1 and 30-2 as shown in FIG. 13
Though the ratios RTRI/MTRIi are simply used for the calculation of
the number of time slices to be allocated to the threads TH1 ~THS3, the

1 3 <}
0 allocated slice numbers may be adaptively changed at each exect

ion of step
300. |

Thus, even if CPU 100 has changed the sljce allocation for its own
Processing or other application programs, the multimedia information server
10 can automatically recover the appropriate slice allocation.

Further, CPU 100 make s a test in step 302 to see if the multimedia
applications need synchronization. It not, then CPU 100 simply ends the ]

the multimedia_applications need izati
_ _ -multimedia_applications r synchronizatio
normal slice alloeation operation 753, IfZﬁe&, CPU 100 synchronize the -

applications with each other in step 304. The synchronization scheme is o
transmit data of applic

20 tr

ations other than the application that has been
ansmitted most for the subsequent measurement interval Tm (Tm is

assu 2 i i if1
imed to be 2T sec. in this specific example) such that the applications will

h

ave be ' i ¢ '
en synchronized at the end of the subsequent measurement Interval

~ A3 : . :
FIG. 14 is a flow chart showing an exemplary synchronization

operation according to the principles of the invention. In step 310, CT'UT 100

-

25 caleulates, | icati L1}
calculates, for each application, the difference Aj of the transmitted data

al inus ata ¢
nount minus the data amount that should have been transmitted for the last

measurement interval (Tm), i.e.,

14



processing or other application prograns,  the multinedia informtion server
10 can automatically recover the appropriate slice allocation. 1.5 Further,
CPU 100 nmakes a test in step P ~to see if the nultinmedia applications need
synchroni zation. If not, then CPU 100 sinply ends the the nmultinedia
applications need synchronization normal slice allocation operation 75.

| f[ CPU 100 synchronize the | applications with each other umnmstRRogd4. The
synchroni zation schenme is to transmt data of applications other than the
application that has been 20 transmtted nost for the subsequent

measurenent interval Tm(Tmis assuned to be 2T sec. in this specific
exanmpl e) such that thie @dfRicaBTR)sT.| | -have been synchroni zed at the end
of the subse uent measurenent interval. FIG 14 is a flow chart show ng
an exenpl ary Sythdinesnnple asniropmy B terbeaTavslbp@;40 the principles of the
invention. In step 31.0, CPU 100 25 calculates, for each application, the
difference Ai of tHkel Frafdnkbited data anount ninus the data anount that
shoul d have been tr Qﬁglttgg&£pr the | ast "neasurenent interval (Tm, i.e.,
14 4 March 2002 A . XSTm In this exanple,. assuni.ng. Tnltq4pe 2T,

we obt ai n: =-1 T Kb = + 10T Kbits . . . (4)
503 = +be Kblts ?h Q'Eﬁé&élsCPU 100 finds-the tlne perlod Te that it

takes to transmt |y trans tted data of the nost-sent
application: Te _Am?ﬁ:iﬁ E:F\F? ]XOIQF%F WWﬁmd Te that it takes to
transmit the excessively transmitted data of the most-sent application:

Te =AI/RTRI
= (MTRi - RTRi): Tm/RTRi.

10 Since the most-sent application is M3 in this specific example, we obtain Te =
2T (= 20T/10).
In step 314, CPU 100 calculates, for each application, the amount of
. data to be transmitted for the time period Te, i.e. RTRl ‘Te.In th)s case, the .
amounts of data to be transmitted for the time permd 2T are:
15 20T Kbits for M1
) 10T Kbits forM2 )
0 for M3 (20 Kbits of data has been excessively transmitted).
In step 316, CPU 100 calculates, for each application Mi, the
correction value Ci defined by: |
20 Ci=RTRi-Te ~Ai (= RTRi-Te ~ (MTRi — RTRi)- Tm).
In this example, the correction values for the app]ic.étions M1 and M2 are 30T
Kbits and 0 bit, respectively. That is, in order to synchronize the applications,
it is only necessary to transmit the applic_ation M1 at arate of 15 Ibps (=
Ci/Tm) for subsequent measurement interval 2T (= Tm). CPU 100 allocates
25

tuneshmmtoremvantﬂueadsaumr&ngh'nlﬂepBIS.h1ﬁep320,CIWJIOO
actually transmit applications at a rate of 15 Kbps for subsequent

Mmeasurement interval 2T (= Tm). In this case, slices are allocated to the

15



10 Since the nost-sent application is M3 in this specific exanple, we
obtain Te = 2T (= 20T/10). In step 314, CPU 100 cal cul ates, for each
application, the anmount of data to be transmitted for the tinme period Te,
i.e., RTRTe. In this case, the anmounts of data to be transmtted for the
time period 2T are: 15 20T Kbits for Al | 10T Kbits for M 0 for M3 (20
Kbits of data has been excessively transmtted). In step 31GMm4EN2069

cal cul ates, for each application M, the correction value G defined by:
20 G =RTR - Te -A. i (=FRTR Te - (MTR - RTRi) . Tm. In this exanple,
t he correctio&evqacllues for the applications Al | and M2 are 30T Kbits and O
bit, respectithepsd THiass sisown th Brderst 8hbHOp e applicatjons, it
is only necessary to transnmit the applI?c%%??ﬁ”)(?’i%g%dd;rersg?%s5 esji?? Kbps

G /Tm for sulisglientasdeseumriandin stay $00/ahd 28a6 T, ] al |l ocates 25
time slices t%ﬁr‘el evant threads accordingly in steef)grﬁlggﬁl‘%gg?é’ﬁe?g&” CPU

100 act uallf ansmt applications at a rate of 15 Kbps for subsequent

measurenment interval 2T (= Tin). In this case, slices are allocated to the
15 4 March 2002 thre§ l'q*Hzgt@sthghgmnﬁiqn.Fchesyﬂauohrmtomf?eggm&@(&jn%&%
restores the n%(jh%el a%l ocat i Bn as determned in step 300 and ends the
synchr oni zat i'on ope AaFIBRticalmaitestadl ng to the invention, the

synchroni zat imgQy, g ransmtte 5 media is automatical |y naintai ned.
Preferred Aucfiqg %?%ggltdlgoo‘ epteR PBRratio® ¢ hr oughput or the amount of

transferred data ofph 20 may |lower or the avail able slices of
CPU 100 nay decrease t gh‘{bﬁlg“g&{(ghﬂwt fpunt of transferred data of the network 20

may lower or the available slices of CPU 100 may decrease to the extent that

‘the applications to be transmitted can no longer transmitted at their required

10 transfer rat i
ransler rates. In such a case, a prelerred audio allocation operation i

executed.

FIG. 16 is a flow chart showing an exemplary preferred audio

allocation operation according to the principles of the invention. In this

operation, referring to the priorities stored in the multimedia application

15 table 270 of FIG. 4, more slices are allocated as possible to the applications of

higher priority by reducing the number of slices allocated to lower-priority

applications.

In step 330, CPU 100 adjusts the subsequent transfer rates TRv of
image applications (which is denoted as Mv) as follows:
20 TRv = MTRv + (MTRa — RTRa)- Ad,

“’ ) . . . . i v v .
here Ad is a positive variable coefficient. If the measured transfer rate

MTRa of the audio application Ma (a = 3 in this case) is smaller than the

required transfer rate RTRa of the audio application Ma, the transfer rates

TRv of image applications Mv js reduced. If the measured transfer rate MTRa

N
(92}

is larger than the required transfer rate RTRa of the audio application Ma, the

transfer rates TRv of image applications Mv js Increased. In step 331, CPU

100 allocates as many slices as possible to the audio application (M3 in this

16



the applications to be transmtted can no longer transmtted at their
required 10 transfer rates. In such a case, a preferred audio allocation
operation is executed. FIG 16 is a flow chart show ng an exenpl ary
preferred audi o allocation operation according to the principles of the
invention. In this operation, referring to the priorities stored in the
mul ti nedi a application 15 table 270 of FIG 4, nore slices amared bogat ed as
possi ble to the applications of higher priority by reducing the nunber of
slices allocated to lower-priority applications. In step 330, CPU 100

adj usts the subsequent transfer rates TRv of inmage applications (which is

denoted as M, o) ; I = Rv + (MIRa - RTRa) Ad, where Ad is
a positive vaérl gﬁl fg%%gw?f)cégﬁt ﬁ‘fq fngll]ﬁ:é afesstr eaf ¥ PArsd.df soavbichMERanof t he
audi o applic ase) is smaller than 1 he required
transfer rat ?Hﬁﬁ%%&%réeguggbo %%?ﬂal%é’&t PSHRatAD hagaot baew aecutad ethenTRy of
| arger Chan t heor o regedeRHaBE 2h OLRGEE ot DO il oaphe Feaeic e

| arger than the required trans

the transferstep3es. TRY odsbivage [ ons My reased. In step 33
1., CPU 100 all ocates as rra{\é? g%algggaaggpogfl%loétﬁ%fcﬁ e B80T ¥ Sappl i cati on

(MB in thids 16 4 Manchf t2Q02 GRSE) a test to see
if IN1= 0. If so, which neaeﬁl\q? te#gﬁlg?ﬁo}egggég?erregsuﬁ%%n‘g%g%ﬁ% Yiged

operation has not beetraexfeitiaesk isttheRanfePhl 4RO 01 9F t 336
O herwi se, CPU 100 updates the value of Ad in ’ gqu%d#h T%t%“ient Ad

is changed in any of ¢tHeratioh] twinthevaayficidnt A8 1§ h?cré‘&'s%‘iﬂuﬂd i’l%ti{ p between
the neasured and the required transfer rates is the sanme as e a’st

preferred audi o al | oc#tdremsedoperation, then the coefficient Ad is increased
and, otherw se, . :
2% The degree of the increase and the decrease of (1) is mace
10 proportional to the difference between the measured and the
required transfer rates.
3 % The coefficient Ad is set as Ad = RTRa — MTRa.
sSetg
After step 334, CPU 100 set the flag M to 1.
This causes the coefficient Ad to converge rapidly.
15 For example, If the allocated slices are allocated as shown in FIG. 17
in step 71,-thén an execution of the preferred audio allocation operation

results in an allocation of FIG. 18. FIG. 19 shows how the transfer rates of an

audio and a video change with the change in the transmission bandwidth of

the network 20.
20 Transfer Rate Optimizing Operation
Generally speaking, a network 20 is characterized in that the mox;e
the trapsi'er rate increases, the longer the delay time becomes as shown in FIG.
20. This is because a single transmission bandwidth is shared by TDM (time-

division multiplexin £). Almost all of the conventionally used networks have

1o
ut

this characteristic. The transfer rate optimizing operation minimizes the
delay that occurs in the network 20.

The relationship between the maximum transfer rate and the delav
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decreased. ? -t. The degree of the increase and the decrease of (1) is nade
10 proportional to the difference between the neasured and the required
transfer rates. 3 4-. The coefficient Ad is set as Ad = RTRa - MIRa. t
After step 334, CPU 100 -&e4 the flag NI to 1. This causes the coefficient
Ad to converge rapidly. 1.5 For exanple, If the allocated slices are
allocated as shown in FIG 17 in step 71,-then an executiop \drch BBo2
preferred audio allocation operation results in an allocation of FIG 18.
FIG 19 shows how the transfer rates of an audio and a video change with

t he change in the transm ssion bandw dth of the network 20. 20 Transfer

Rate Optim zin Cgera iogthnerally speaking, a network 20 is characteri zed
in that the ntd‘&’é S PREFST R gneasyratdn iadsaees eth £dipetRABE ddifopelay,ld M
becones as shan}g.i FIG 20. This is because a single transm ssion
bandwi dth is SAared ‘E&‘? FRBRE PtarAee devive Ko mitarnativkBxithg el afloRBBiy @lal wf the
conventionaIH%Hﬂﬁﬁd eé% rks have 2.3 this characteristic. The transfer

[ t

rate optim zi'ng op% aH*WPﬁVﬁ%H¥¥Hﬁ§SudEiay that occurs in the network

20. The rel ationshi etyeen .t he maxi pumtransfer rate and the delay 17 4
March 2002 tinme is §%§f a7 é%iiﬁ%e%‘%%ﬁtéggr‘-'hn&awﬁemm.mtraasfmmd o the
network 2@ a t-§&ghg%)' t he mass storage device 106. Alternatively, the
rel ati onshi p%%alfll be ® eérrlgttﬁl&gcaésf? g e Lthe Bracindes phthedasentdn. I8 GepZ20j s a
fl har t i f. 5 . optim zi ti
A A et s e A S

a 1Ak R RS 182 t't.ran:xsfer rate MTRiin the network data table 280.

I
Since the total transfer rate (MTR1 + MTR2 + MTR3 in this example) is 15,
the transfer rate ratio that enables a low delay transmission is 85 %. That is,
10 the transfer rate that enables the low delay transmission is 13 Kbps (=15
Kbps x 83 %). In steia 342, CPU 100 allocates slices to each thread THi
according to the obtained transfer rate (13 Kbps in this specific example). This
allocation .is such that more slices are reducéd for applicétions with a lower

priority. This allocation is preferably performed as the above-described

15 preferred audio allocation operation of FIG. 16.

Distribution of the Same Data’

It is sometimes the case when the same application is transmitted to
a plurality of clients. Though all of the above-described features can b2 applie'd
to this case, further techniques is available for this case.

It. is assumed that the packet transmitter threads TH1 and TH§-
issues data requests at the timing as shown in FIG. 23. It often happens that

2
the threads TH1 and TH#issue the data requests not at the same tire but in

vary near timing. If the same data are used or shared by the thread TH1 and

TH2 in such a case, it is very efficient.

Lo
Ut

T~ 9 c . .
FIG. 24is an exemplary sharable interval table 290 according to the
Invention. A sharable interval (SI) is a time period in which a data sharing is

permitted between requests from the threads TH1 and TH2. In the sharable

18



CPU 100 finds a transfer rate ratio (which enables a | ow del ay

transm ssion) associated with the total transfer rate AITR in the network
data table 280. Since the total transfer rate (MIRL + MTR2 + MIR3 in this
exanple) is 15, the transfer rate ratio that enables a | ow del ay
transmssion is 85 % That is, 10 the transfer rate that .enables the | ow
delay transnmission is 13 Kbps (= 1.5 Kbps x 85 % . |n stepdBskich G 100

al l ocates slices to each thread TH according to the obtained transfer
rate (13 Kbps in this specific exanple). This allocation is such that nore
slices are reduced for applications with a lower priority. This allocation

i s preferabl yniserslgmhieHs o dterablevat o sE(g 1P adaskSeipt &F x‘%{t'i&%éfeéﬂi?gd%ng

all ocation operation of FIG 16. Distribution of the Same

sonet i mes t héWeaxwigthemcany maivd AR UQE0i on is transnitted to a plurality
of clients. Though It@II of the above. described features can be applied to
this case, further tKerhigurelow shanailoabhe shasxetiyilarycae. redd oB8ratiod S
assuned that the Kk aIéransm’tter threads TH1L and TH3 issues data
requests at Fh%cwt%gﬁglj 19Adwrler thErpantrobof 4 dataftead shhppemse hadde®int he

threads Tgl %H(gcc')l'nl-tl ilssue the (;jata requests not at the same tine but in
vary near timng 1t RIRET Y 1R-dRraskanse (e 8clasn repuess drdy at eeketir ead THL and

char abl o1 nt SruariehutSeoPY bEr sl Bisdihaistinvting immceordaher aihetne
bet ueen equisr s TEo Tant pdgtdn s 45 GPBIGH Rniionabatsiis tew sar ch
Carrospond ng . ansecip: i | SR PG ) fdn SARELEL T
table 290. In step 352, CPU 100 sets T1 to the current time (i.e., the requested
10 time). In step 354, CPU 100 makes a test to see il it (=T1) ié more than SI
after the last requested time (T2) , ie, T1> T2+ 8I. If so, the CPU 100
returns a new frame of data in step 358, If not, the éPU 100 returns the same
frame.of data in step 356. After step 356 or 358, CPU 100 sets the value of T1
and T2 to the current time in step 360. | | l.
15 If, for example, the threads TH1 and TH2 iésue requests at the
. timing as shown in FIG. 23 when slices are allocated as shown in FIG. 26,
then since the vacant period of FIG. 26 is in the range from 101 to 300 ms, the
value of ST is set to 1 sec. As a result, the data read subroutine returns frames
to the requesting threads as shown in FIG. 27, Similarly, if the threads issue
20 requests at the timing as shown in FIG. 23 when slices are allocated as sinown
in FIG. 28, then Sl is set to 3 sec., resulting in returning fr;a'mes as shown in
FIG. 29.

Though in the above embodiment, the sharable interval SI has
changed depending on the load of CPU 100, ie., the length of vacant period,
the sharable interval S] may be set to a constant value, say, 1 sec. In this case,
the step 350 is omitted.

Client Terminal

19



FIG 25 is a flow chart showi ng an exenpl-ary data read operation executed
by CPU 100 under the control of a data read subroutine included in 5 the
control program 252 in response to a data request froma packet transmtter
thread THi in. a single nedia distribution in accordance with the
principles of the invention. In step 350, CPU 1.00'obtains a sharable
interval (SI) associated with the vacant period of CPU 1004 fafdh Zog@har abl e
interval table 290. In step 352, CPU 100 sets Ti to the current tine
(i.e., the requested 10 tine). In step 354, CPU 100 nmakes a Lest to see if
it (=TlI) is nore than SI after the last- requested time (T2), i.e i >

T2 + SI. If so, theE4RUIARG cliattUEATifIY 1,0 Sten 358,
not, the CPU 100 returns theC same lrarre \(I)&Lfet‘%lgtgga?%tmgg t%e g’('im% tg) step

356 or 358, @F&ﬂeﬁﬂﬂvsmrsstﬂitetr\aﬁidwuxﬁbeﬂ'&nd@ f tLOE 1N
step 360. 15 If, for exanple, the threads T]Ijﬁr%%“eq :as?gh%gtg{e{hué%ttgn%t the
timng as shéQ\hhfiltdhléltamﬁﬁalvﬂﬁ)emnsdlspﬁs taededdil &F BlaBfbsan (RHQUR Lrﬁ_n@x%

t hen since tl"ﬁ_x vacant period of FIG 26 is in the range from 1O 00

the val ue ofhe3) Wpee maspivied. 1 sec. As a result, the data read subroutine
returns f%arres to the requesting threads as shown in FIG 27. Simlarly, if
the threads issue @S?W?}Wétt ¢ meultimédig sasvetiowanbmifsl fEam2s ovhen
slices are allqcated as shown in FIG 28, then SI is set to 3 sec.
resulting i n“}“gfmeﬁ‘ﬂ?\apt’ Shhen Md @H@ﬁﬁmmﬂ}@wmm FTT(BOB@thrrthbhaLal@@VE

enbodi nent, i nter as ed depending on the | oad of
CPU 100, i. E%%]EJ] ljt’HaBt“ ﬁglntf@ Uy In %!a‘gt%lsrraarlatalaesumeémajthg nay
be set to a goRsdA hek 35, his ca the step 350 is
omitted. dient Fe?%ﬁlérlllgw%bi@ er?ﬁobr%aofg‘ﬁsﬁ ‘f?étlé}a&lppéhﬁnt égﬁﬁl tb¢ 30
receives a fE@f®.tichiiy 4LIHB ﬁ?éhsrﬁ%smn timing.

10 FIG. 32 is a flow chart showing an exemplary reception operation
-executed by a CPU 33 of a client 30 when the client receives a frame addressed
to the client through the IF 31, In step 370, CPU 33 receives a frame of
_.packets'addressed to the client. In step 372, CPU 33 makes a test to see if the
received frame is one of a new application. If so, then CPU 33 stores the freme

15

in a new name in step 374 and creates a received time table in the. new name
in step 376. Otherwise, CPU 33 stores the frame in a relevant location in step
378. After step 376 or 378, CPU 33 stores the frame number of the received
frame and the received time (or the current time) in the received time table of
Ithe received frame in step 380. In step 382, CPU 33 makes a test to see 1f the
20 frame is the end of frame stream (i.e., the last t'raxne of an application). If not,
CPU 33 returns to step 370. If so, then CPU 33 ends the reception opc--ratton.
If a user requests the client uO to display one of multtmedta
applications stored in a just- clescrtbed manner, the client 30 operates as

shown in FIG. 33. Specifically, in step 386 of FIG. 33, CPU 33 displays each of

to
Ut

the [rames of the requested application at the time specified by the reseived
time data associated with the frame in the received time table of FICQ, 31.

Doing this enables a correct reproduction of a time series data,

20



preferably stores the frane nunber and the received tinme or the current
time so that the termnal 30 can display the received franes in the sane
timng as they were received. 5 It is assuned that the nmultinedia server 1
transmts frames of the multinedia application M in the timng shown in
FIG 30. For the sake of sinplicity, only franmes of M. are shown in FIG
30. It is also assuned that the franes transmtted fromthd Mmcivep0od
reaches-a destination client 30 in the sane timng as the transm ssion
timng. 10 FIG 32 is a flow chart showi ng an exenplary recepti on operation
.executed by a CPU ﬁS of % i:\l)‘ijugfr;t 30 when the client receives a frane
addressed to the clViaantwidahodidfersieerhboBientd ot ) _recejves a
frame of packets- addressed to the client. In st}gegpl?%;ég?t'ggnggnnr% e8€a
test to see iCPn%qliBCteFié'clé}PQ/\éoﬂe‘lmt’mmfmmmhe@f)ir& ARVs@PBlot €8 hAkend f SO, then
CPU 33 stores the.franme 15 in a new nane in step 374 and creates a received
time table i ﬁ“‘ﬁ{&“ﬁ’ea} ﬁ‘é%gd Yerindesplogd that Her piesent BRYNB3nSt AbESLLihE {7 ane
in a rel evant, tkon in.ste 78. After step 376 or 3 7 8, CPU 33 stores
the frane nutr%lee;38 %Cflh‘f ﬁ’é‘lblogﬁ’é?’gédﬁes?rrlh?ﬁalfam siseificationyextept ae défhed e
current tgmeknl r ived tinme table of the received franme in step 380.
In step 3%2,)&&%%;)% dr?aaﬁ(ggmés't est to see if the 20 franme is the end of
frame stream (i.e., the last frane of an application). If not, 4 CPU 33
returns to step 370. If so, then CPU 33 ends the reception operation. If a
user requests the client 30 to display one of multinedia applications _
stored in a just-described manner, the client 30 operates as shown in FIG
33. Specifically, in step 386 of FIG 33, CPU 33 displays each of 25 the
frames of the requested application at the tinme specified by the received
time data associated with the frame in the received tine table of FIG 31.
Doi ng this enables a correct reproduction of a time series data. 20




4 March 2002 Many wi dely di fferent enbodi nents of the present, invention
may be constructed w thout departing fromthe spirit and scope of the
present invention. It should be understood that the present invention is
not limted to the specific enbodinents described in the specification,
except as defined in 5 the appended clains. 21 4 March 2002 WHAT IS CLAI MED
IS: 1. Anethod for transmtting nultinmedia applications inglwitiheoge Video
and an audi o at respective adapted transfer rates in a server connected
with a network wherein the server operates on an operating systemwhich 5
permts a nmultithreading by allocating tinme slices to thread, the nmethod
conpri si ng t MHATISSCOAIMEW 1@ach application, preparing data on a required
transfer rate indicative of a permtted | owest transfer rate for the
application; generlatdmgtlidi Radsad@mitt;8 AN &di heations: » 10 al | ocating
an initial nunber of slices to each thr%ggﬂﬁgxﬁgggk?lg%%lﬁg:%ac&(gpg51sm't
sai d respect Video apglarcandions resyasive iadgp e d (ransfehalatg OerfBERfYEAM at a
time interval; calculating a nunber of slices. to be allocated to each
thread such PiAta netreorkesbencn the smybeopemtes of agapbrithi@asktbin hicheach
appli catign) becones 15_§qual, to said required transfer rate of the

appl i catidn PPERLHARBYthyeadiae by llsaatinatunabliesabitheesahiche aritbul at ed
nunber of sljgoc‘rg%ito ach thread. 2. A nethod as defined in claiml, wherein
sai d cal cul at1ng SPEghs rises the step of calculating a nunber of
slices by multipl yif&geaa}:hcur rlen(Ei nunber, of slices allocated to each thread
by a ratio of said Pegui rAPlcpLARs Rreparing data on a required transfer rate

indicative of a permitted lowest transfer rate for the application:

generating threads for respective applications;

10 allocating an initial number of slices to each thread to let said
threads transmit said respective applications;
measuring a transfer rate of each thread at a time interval;
calgulaﬁing a number of slices to be allo¢ated to each thread such that
the measured transfer rate of each thread (i.e., each application) becomes
15 equal to said required transfer rate of the application transmitted by the
thread; and -
allocating said calculated number of slices to each thread.
2. Amethod as defined in claim 1, wherein said calculating step
20

comprises the step of calculating a number of slices by multiplying a current
number of slices allocated to each thread by a ratio of said required transfer

rate to said measured transfer rate.

3. A method as defined in claim 1, [urther comprising the step oi', in

o5 i . \ : : .
response to a detection of asynchronism among said applications, temporarily

allocating a corrected number of slices to each thread such that said

applications have been synchronized by the end of a subsequent time interval.
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rate to said neasured transfer rate. 3. A nethod as defined in claim1,
further conprising the step of, in 25 response to a detection of
asynchroni sm anong sai d applications, tenporarily allocating a corrected
nunber of slices to each thread such that said applications have been
synchroni zed by the end of a subsequent tinme interval. 22 4 March 2002 4. A
method as defined in claim1, further conprising the steps @fuarkfophL£sponse
to a detection of a decrease in a total of said neasured transfer rates,
allocating less slices to applications of |lower priorities and nore slices
to an 5 application of a higher priority. 5. A nmethod as defined in clain
4, wherein said step of allocating less slices to applications of |ower
priorities conprises the steps of; cal culating an anount of reduction in

said | ess slices by usieehdl ad@c6oaf fd QLERL ¢ in response to a result of
said step of allocating less slices to 5?@&r?@§ Fongm ¥ F%Wé%aé%?%ﬁﬁf¢es,

changi ng a vatspensd tsaddieetieh bl aidRetes30 it Rabt A of diiif ceqhetween said
required transfer rate and said nea;Lrea trgﬁgfég&dﬁgég g?dza?ﬁ’%ﬁﬁﬂfﬁapion
of 'said hi gheHogatirerlesyslies atrap pliestdonslér lower HridBited A5, 08 iined L0 cl ai m

1, further conprising the step of, in response to a detection that a total
of said neas@PRlcatioarnffachighat psioeitgeeds a  predeternined val ue, reducing
said total of said neasured transfer rates to a percentage associated with
said total of said neasured transfer rates. 20 7. A nethod for transmtting
data to a pluralit% f d stinaﬁions in a server connected with a network
wherein the server 'Og‘e’?’ﬁf Bndelnashiardeimg. whpseiomah st feilitasing less
mul tit hreadi cating time slices to thread, the .
E'lgceQXO %k)l)ﬁceﬁlonsgoi lower priorities comprises the steps of;
calculating an amount of reduction in said less slices by using a
10 coeflicient; and |
In response to a result of said step of allocating less slices to
applications of lower priorities, changing a value of said coefficient so that a
difference between said required transfer rate and said measured transfer
rate of said application of said higher priority becomes zero.
15
6. Amethod as defined in claim 1, further comprising the step of, in
response to a detection that a total of said measured transfer rates exceeds a

predetermined value, reducing said total of said measured transfer rates to a

percentage associated with said total of sajd measured transfer rates.

7. A method for transmitting data to a plurality of destinations in a
server connected with a network wherein the server operates on an operating

system which permits a multithreading by allocating time slices to thread, the

method comprising the steps of}

R
ot

creating a thread to each destination: and

In response to a request from one of said thread, returning a unit of

data to be preferably transmitted at a time of said request, wherein said step
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met hod conprising the steps of; 25 creating a thread to each destination;
and in response to a request fromone of said thread, returning a unit of
data to be preferably transmtted at a tinme of said request, wherein said
step 23 4 March 2002 of returning a unit of data includes the step of: in
response to a detection that a difference between said tinme of said

request and a tinme of last request froma thread different #mMurch beo2
requesting thread is smaller than a val ue associated with an unoccupi ed
period of a 5 central processing unit of the server, returning a sane unit
of data as returned at said tinme of |last request. 8. A nethod as defined
in claim?7, fofiretveningoapnitsifrigta heclsd@pthefstegelecting a predeterm ned
constant value for said value. 10 9. A nethod for displaying a received
data from a networ kininesporsserte a détebtigh m&&&ﬁﬁabﬁcﬂ@é&w@@ﬁ@awﬁﬂﬁn&ts{ ¢ in a
client terminal connected with the network, the nethod conprising e
steps of: redeiesi@ndratistenriilag @quastt [rof ﬂﬂtr@addﬂﬂ'@ﬁe&@@rén@tﬁ@igllgsitﬁ%t:

15 storing a Hnit ID of said received unit and a received tine; I splfayi ng
a stored uni thEaddssmallershpn anlue pEsaiatedindtl enainvechdibdperid@.cfA server
for transgitt) ntgggylftl medi a ap;)féggatl ons including a video and an audi o at

respective adap FEFEPe MMl eisprvgrargtympingonsrene @dit2d dathlasa net wor k

wherein the sgr, rates on,an operating systemwhich permts a
mul tit hr eadi ng lﬁgggfg{egé@tﬁuﬁ‘ﬁ Q?I]?’Fé rgﬁF%sés to thread, the server conprising:

means for preparing data on a required transfer rate indicative of a
permtted | owest transfer rate for the application;

8. A method as defined in claim 7, further comprising the step of

selecting a predetermined constant value {or said value.

10

9. A method for displaying a received data from' a network in a same
timing as the data has been transmitted in a client terminal connected with

the network, the method comprising the steps of:

receiving and storing a unit of data addressed to said client;
15 storing a unit ID of said received unit and a received time:

displaying a stored unit of data of said unit ID at said received time,

10. A server for transmitting multimedia applications including a
video and an audio at respective adapted transfer rates in a server connected
with a network wherein the server operates on an operating system which
permits a multithreading by allocating time slices tzo'thread, the server
comprising:

means for preparing data on a required transfer rate indicative of a

permitted lowest transfer rate for the application;

Lo
t

means for generating threads for respective applications;
means for allocating an initial number of slices to each thread to let

said threads transmit said respective applications:;
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25 neans for generating threads for respective applications; neans for
allocating an initial nunber of slices to each thread to let said threads
transmt said respective applications; 24 4 March 2002 neans for neasuring
a transfer rate of each thread at a tinme interval; nmeans for calculating a
nunber of slices to be allocated to each thread such that the nmeasured
transfer rate of each thread (i.e., each application) becoggfr&sgo to
said required transfer rate of the application 5 transmitted by the
thread; and neans for allocating said calcul ated nunber of slices to each
thread. 25

means for measuring a transfer rate of each thread at a time interval:

means for caleulating a number of slices to be allocated to each
thread such that the measured transler rate of each thread (i.e., each
application) becomes equal to said required transfer rate of the application

5 transmitted by the thread; and

means for allocating said calculated number of slices to each thread.



