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MULTIMEDIA SERVER 

BACKGROUND OF THE INVENTION 
l 

1. !Field of the Invention 

I 
The invention generally relates to a server for prov.iding multimedia 

information to a network and, more particularly, to techniques for efficiently 

trmsmitting a plurality of time-series multimedia applications in a time­

di~ision multipl~x by controlling the assignment of a CPU (ce:ntral processing 
! 

wilt) operation time to the transmitted applications. 
! 

·2.IDescription of the Prior Art 
i 
! Applications including video, animation ~nd/or audio are hereinafter l 

referred to as time-series multimedia applications. Compressed multimedia 

aJ.plications may be either transmitted directly as they are (direct l 
transmission), or once stored in a storage device and then transmitted at I 

I 

constant rates (stored transmission). 
I 

! 

In the direct transmission., the compressed applications are launched 
i 

into a network regardless of the transmission ban.d of the network, which may ' I 
~hse the trans:rnission rate to exceed the transmission band variable with 

4e. resulting in the destructio:n of transm.itted data. Fo:r this reason, the 
! 

direction transmission is possible only when the network transmission band is ! 

20 sJmciently higher than the transmission rate. in which there is no need of the 
i 

pr~sent invention.. 
I 

; A transmission scheme of stored multimedia at a constant :rate is 

de'.scribed in "Video server softwal."e-VideoNetworkFileSystem." IEICE (The 
I 

In~itute of Electronics, Information and Communication Engineers) trans. 
! 
I 

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

tt~nsmitted at a constant rate. This system reads out a frame of data fot each ! 
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i 
of!stored applications to be transmitted for tEansmission. Assuming that two 

I 
aPiplica.tions .AP 1 and AP2 are to be transmitted and that both the :ftaxne size 

of~he two applications are 10 Kbps, if the applications APl and AP2 are to be 
i 

transmitted at rates of 10 Kbps and 5 Kbps, respectively, then the system 
! 

transmits onQ .APl frame pe:r second and one AP2 frame p~:r two seconds. In 
i 

this wayJ each application is transmitted at a constant rate as long- as the total 
! 

lo~d on the CPU does not exceeds the processing capacity of the CPU and the I 

i 
total transmission rate dose not exceeds the transmission bandwidth of the 

I 
.nerwork Howeve:rJ These conditions are not always satisfied. 

I It is therefore an object of the invention to provide a method and a 

sy~tem which are used when aetu.ally measured transmission :rates of a 
i 

plillality of multimedia applications differ from required transmission rates 
i 

fo~ the application$ and which al:e for allocating time slices of the CPU to the 
I 

tltj:-eads fo:r: transmitthig the multimedia applications such that the 
i 

applications ate transmitted at the required transmission rate. 
I 
I 
I A reduction in the transmission rate of a thread causes a delay of 
I 

tr4nsmission by the thread resulting in asynchron.iSlll axnong transmitted 
I 
I Ii :t• app ca: ions. 
I . 
! 
I It is another object of the invention to provide a method of and a 
! 

system for tempo:rarily changing the allocation of the available time slices to 
I 

the threads so as to resolve the asynchronism among txansmitted 
I 

applications. 
I 
! 

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

which a.re used when the number of time slices available to the threads has 
i 
I 

de~eased to be insufficient to transmit the applications to be tl'ansm.itted and 

w~ch adjust the allocation of the available time slices to the threads 
I 

according to the priorities of the applications. 
I 
I 

2 lli1iiif 
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SUMMARY OF THE INYENrIQH 

A method for transmitting multimedia applications includinr a video 

a.I,\d an audio at respective adapted transfer rates in a server connected with a. 
I 

n~twork is provided. The server operates on an operating system which 

pJtm.its a multithreading by allocating time slices to thread. The method 
I 
I 

c~~prises the steps of: 
! 
I 

for each application, preparing data on a required transfer rate 

~dicative of a permitted lowest transfer rate for the application; 
I 
I 

I 
i 
i 
I 

genel'ating threads for respective applicatic>ns; 

allocating an initial numhe:r of slices to each thread to let the threads 

tr~t respective applications; 
I 

! 
i 

measuring a. transfer .ratG of each thread at a time mterval; 

calculating a number of slices to be allocated to each thread such that 

t~e m0asured transfer rate of each thread {i.e., each application) becomes 
i 

eciual to the required transfer :rate of the application transmitted by the 
I 

tmead; and 
I 

allocating the calculated number of slices to each thread. 

The number of slices are calculated by multiplying a current number 
i . 

ofislices allocated to each thread by a .ratio of the required transfer rate to the 
I 

i 
measured transfer :rate. 

I 
I 
! In response to a detection of asynchronism among the applications, a 
! 

cohected number of slices are temporarily allocated to each thread such that 
! 

th~ applications have been synchronized by the end of a subsequent time 
I 

inkrval. 
I I In response to a detection <>fa decrease in a total of the measured 

trlmsfer rates, the system allocates less slices to applications of lower 
I 

prjoritfos and more slices to an application of a higher priority. 
i 

3 
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I A method for transmitting data to a plurality of destinations in a 

s~rver connected with a network is also provided. The method compres the 

I steps of; 
I 
I creatll::tg a thread to each destination; and 
! 

5 j in response to a request from one of the thread, returning a unit of 
! 

cMta to be preferably transmitted at a time of the request, wherein the step of 
I 

re.~urning a unit of data includes the step of: 
I 
I in response to a detection that a difference between the time of the 

.r,quest and a time of last request from a thread different from the requesting 

IO t~ead is smaller than a value associated with an unoccupied period of a 
I 

ce-htral processing unit of the server, returning a same unit of data as 
l . 
l d • re;turne at the tnne of last request. 

I 
BRIEF DESCRIPTION OF !!TE DRAWING 

i 
I The features and advantages of the present invention will be 
l 

15 aJ,parent from the following description of an exemplary embodiment of the . 

in~ention and the accompanying drawing, in which: 

I FIG. 1 is a schematic dis.gram showing an exemplary network 1 
l 

in~luding a multimedia infotmation server 10 and client tenninals 30, the 
I 

se~ver trans:mitting a plurality of multimedia applications in accordance with 
i 

20 ari illustrative embodiment of the invention; 
l 
j FIG. 2 is a schematic block diagram showing an exemplary 

ar1

11

,hitecture of the server 10 of FIG. 1 when it is operating; 

FIG. 3 is a diagram showing the applications Ml through MS; 

I FIG. 4 is a diagram showing a multimedia application table 270 for 

25 co~taining various information on the multimedia applications 260 stored in 
I 

th~ mass storage 106; 

I 
This Sheet Has Been Replaced 
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FIG. 5 is a diagram showing how the operating system 240 initially 

allocates available time slices to the threads THl through TH3; 
I 

I FIG. 6 is a diagraJ:n s~owing sn exemplary operation cY.cle by the 

tbkeads 154, the control program 252 and the OS 240; 
I 
I FIG. 7 is a diagram showing how frames of FIG. 8 has been 
! 

trksmitted for the first 2T seconds; 
I 

I FIG. 8 is a disil'am showing exemplary screens 32-1and32-2 of the 

clients 30-l and S0-2 when the applications Ml and M.2 are addressed to the 
I 

.clients 30·1and30-2, respectively; 

I FIG. 9 is a ±1.ow chart showing a slice allocating operation of CPU 100 

Jder the control of the control program 252 in accordance with the principles 
I 

ofjthe invention; 

I FIG. 10 is a fl.ow chart showing an exemplary nol:'mal slice allocation 
i 

o~eration 75 executed by CPU 100 under the condition of the control program 
i 

252 in accordance with the principles of the invention; 
I 
i FIG. 11 is a diag:i:am. showing an exemplary slice allocation based on 
I 
1· 

thl! result of step 300 of FIG. 10; 

l FlG. 12 is a diagram showing lXl.ultimedia frames transmitted by the 
i 

tlll:eads THl -TH3 on the basis of the allocation of FIG. 11; 
I 

I FIG. 13 is a diagram showini exemplary screens 32-1and32-2 of the 

4•nts 30-1 and 30-2 when multimedia frames are transmitted as shown in 

Fl!G. 12; 
I 
I FIG. 14 is a flow ehut showing an exemplary synchronization 

I t· d' th · · i t th · t· oPiera ·ion a.ccor mg to e prmc1p es o · a mven ion; 
I 
! FIG. 15 is a diagram showing an exemplary slice allocation based on 
I 

th~ result of step 318 of FIG. 14; 
! 
I 
I FIG. 16 is a flow chart showing an exemplary preferred attdio 
i 
i 5 
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I 
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I i1i1u 
allocation operation according to the principles of the invention; 

I 
I FIG. 17 is a diagram showing an exe?nplary allocation of time slices 
l 

11foi:e the preferred audio allocation operation 77 is executed; 

I FIG. 18 is a dis.gram showing an exemplary allocation ofthne slices 
I 
I . 

after the preferred audio allocation operation 77 is executed; 

I FIG. 19 is a diagram. showing how the transfer rates of an a"U.dio and 

a iideo change with the change in the transmission bandwidth of the netwotk 
I 

2d; 

. I FIG. 20 is a graph showing a relationship between the throughput 

J.d the transfer delay in the network .20; 

I FIG. 21 is a diagram showing a network data table 280 for the 

ne'twork 20; 
I 

I FIG. 22 is a fl.ow chart showing an exemplary transfer rate 

o~timizing operation according to the principles of the invention; 

I FIG. 23 is a diagram showing exemplary timing of data requests from 

t1~ threads TH! and TH3; 

FIG. 24 is ah exmnple of a .sharable interval table acco.rding to the 

mrention; 

I FIG. 25 is a fl.ow chart showing an exemplary data read operation 

eiecuted by CPU 100 under the cont:r:ol of a data .read su.brou.tine included in 

th~ control program 252 in response to a data request from a packet 
I . 

tr~nsmitter thread THi in a single media distribution in accordance with the 

. prkciples of the invention; 
I I .FIG. 26 is a diagram showing an exemplary allocation or slices to the 
I 

thi:~ads THI and TH2; 

I FIG. 27 is a die.gram showing how frames are returned to the threads 
I 

inlresponse to the requests issued as shown in FIG. 23 in an allocation state of 

I 
I s 
! 
I 

i 
I 

I 
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FIG. 26; 
I I FIG. 28 is a diagrani showing an exemplary allocation of slices to the 

tilreadsTHI and TH2;. 
I I FIG. 29 is a diagram showing how frames are returned to the threads 

in! response to the requests issued as shown in FIG. 23 in an allocation state of 
I 

FIG. 28; 

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

trknsmitted from the server 1 to a client 30; 
! 

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

stbred in a client 30 acoordine to the invention; 

I FIG. 82 is a flow chert showing an exemplaxy receiving operation 

executed by a CPU of a client 30 when the client receives a franie addressed 

~ereto through the IF 31; and 

I FIG. 33 is a flow chart showing a part of a display operation of the 

client 30. 
I .. 

I Throughout the drawing, the sanie elements when shown in more 

thLn one figure are designated by the same reference numerals. 

UE!aJI.Fjp DESCRIPTION OF THE EEEEERRED EMBODIMENTS 

I FIG. 1 is a schematic diagram showing an exemplary network 1 

inpluding a multimedia information server 10 and client terminals 30·1, 30-

2, j .. , the se:rver transmitting a plurality of multimedia applications in 
I 

,ordance with an illustrativ• embodiment of the invention. The servO? 10 

arid the clients 30 ate interconnected with a network 20. The network 20 may 

~ any suitable network which provide a time-division mu.ltiple.~ed 
mhltimedia application transfer with a limited transfer bandwidth. 
I 
I The multimedia information server 10 may be any suitable comp'Llter 
I 
I 
I 

I 

I 1 
I 
I 
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Lr1sme: a CPU 100; a read only mamoty (ROM) 102: a random acc:ess +ory (RAM) 104; a mass storage davke 106; a man-machine interfaces 

aFs) 120; an output devices 122 such as a display device; input devices 124 

sJch as a keyboard, a mouse, etc.; and a coJ:nmunication IF through which 
I 

5 . mr.timedia applications are launched into the netwo:rk 20. In order to take in 

mrtimedia application, the server 10 further comprises a optical disc device 

134 which plays an optical disc such as a DVD (digital video disc), a CD 

(Jmpact disc). etc. and a multimedia data input IF 132 for receivini: 

.mkti:media application data from the external. 

10 

15 

20 

25 

J 
FIG. 2 is a schematic block diagram showing an exemplary 

a fhitecture of the server 10 of FIG. 1 when it is opera.ting. The mass storage 

dj'viee 106 stores an operating system 240, a multimedia server program 250 

for transmitting m.ultimedia applications in accordance with the principles of 
I 

thk invention, and multimedia applications 260. The multimedia server 

pteram .250 incl.,des a control pJ:Ogram 252 which controls the transmission 

op~erations and a transmitte:r p:rogram 254 which is threaded d-u.ring operation 

to actually transmit an application 260 specified by the control program 252. 

Tli.e operating system 240 allocates available time slices of the CPU 100 to 

pJcket transmitter threads 154 (ie., to the application to be transmitted). The 

cohtrol program 215 determines the number of time slices to be allocated to 

el thread 154 based on requir~d transfer rates stored in the mass storage +• 106 and actual transful: rates measured by m~ the transmitted 

da'.ta streams as detailed below. 

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

. a+lication is either such that th• whole applicatk>n is stored continuously ar 

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

trlnsmission just as is done in a buffer. 

I 8 i11iifiii 
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J In the following description of the operation> it is assumed that three 

ultimedia. applications, say, a fust motion picture Ml, a second motion 
I 

picture M2 and an audio M3 are to be transmitted. FIG. 3 is a diagram 
I 

sAowing the applications Ml through M3. In FIG. 3, each of the application. 
I 

5 Mi (i = 1, 2, 3), comprises frames of data, Fi-1, Fi-2, Fi-3, ... It is assumed that 
I 

10 

15 

20 

e~ch frame Fi·j G = l, 2, .... ) should be presented (i.e.> transmitted) every T 

Jcond. In other words, the frame frequency of the materials Ml through M3 

is lfl'Hz. 

FIG. 4 is a diagram showing a multitnedia application table 270 for 

cdntaining various information on the multimedia applications 260 stored in 

tJe mass storage 106. Each record of the table 270 at least coxc.prises the fields 
l 

o~ application ID MIDi and required ttausfer rate RTRi of the application. 
I . 

A~cordingto the table 270, the i:equired transfer rates of the applications Ml, 
I 

M2 and MS are 10 Kbps, 5 Kbps and 10 Kbps, respectively. 
I I For each application to be transmitted, Mi, the cont~ol program 252_ 

fates a packet transmitter tbzaad TH'1. The operatini: system (OS) 240 

responsively allocates some time slices to each thread THi in a predetermined 

Janner. It is assumed that the OS 240 allocates the same number of slices to 
I 

e~ch th.read THi as shown in FIG. 5. In FIG. 51 the time slice labeled i AC.ANT' is a time period f<>r which the CPU 100 has nothing to do. The time 

slice labeled "OS" is a time period for which the CPU 100 is occupied by the OS 
I 

240 or other application program(s). 

Once slices are allocated tO the packet transmitter threads 154, the 

t~eads start respective transmission operations. FIG. 6 is a diagram showing 

25 a~ exemplary operation cycle by the threads 154, the control program 252 and 

tile OS 240 during transmission operation. While the threads 154 are 
I tlttfugthe applli:atiollS Ml thr:ughM3 (block 50), the control program 

I 
I 
: 
I 

# 10/ 46 
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252 meas'Ul'es the transfer rates MTRl throueh MTR3 of the threads THl 
I 

tihough TH3 (block 60). The control program 252 preferably periodically 

dltermines how to allocate time slices to the threads 154 on the basis of the 

Jeasure transfer rates MTRl-3 to inform the OS 240 of the determined 

nimbers of slices to be allocated (block 70). Then, the OS 240 allocates the 

dttel:mined lllll!'hets oftmi• slices to the ~ads 154 (block 80). The cycle 

cdmprising blocks 50 through 80 continues till the applications Ml thtouih 
I 

M3 ate exhausted. 
I 

. I In block 50, each thread THi 154 re.ads out the first frame Fi-1 of the 

sJecified application Mi, adds a destination address to the read frame Fi· l 
I data to fo:cm a packet. and sends out the packet to the network 20. It should be 

nlted that in reading out a frame of data, a thread THi may read ou.t the 

:0:lme data either as it is or in a thinned-out manner. It is further noted that a 
I 

tliread THi may compress and encode the read frame· data before assembling 
I 

tHe :read frs.me data into a packet. 
! I The process from res.ding out a frame of a multimedia application. Mi 

, sending out the assembled packet has to be done fur the slke time allocated 

tJ th~ application. Mi or the t~read THi. However, a time period necessary foi: 

tlie process varies depending on the type and the format of the application. 
I 

Therefor0, thG amounts of transmitted data from the thteads 154 may vax.y 

e~en if the same time is allocated to the threads 154. It is assumed that 

rrbes of the applications Ml through M3 has been transmitted for the :first 
! 

2T seconds as shown in FIG. 7. 

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

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

.tn:the packet to a suitable output d~vie0 32-1. FIG. 8 shows how the 

~d franies of FIG. 7 ru:• present..d in the output devices 32-1 and 32-

1 10 
; 
i 
I 
I 
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2 bf the clients 30·1 30-2 when the application Ml is addressed to the client 
I 

30-1 and the applications M2 and M3 are addressed to the client 30-2.. 

Hbwever, if data is transmitted at a rate exceeding the processing capacity of 
I 

t~e client1 say. 30-2, then this results in defective pictures in case of image 

dJta and noisy sounds in case of audio data as shown in the output device 32-
1 

2 bf FIG. 8. 
I I Turning back to FIG. 6, the control pt'ogram 252 periodically 

~asures transfer rates of the threads TIU through TH3. MTRl through 
I 

.Mr.rB.3, respectively (in block 60). Assuming that the data amounts of the 

aJplications Ml through M3 !or T seconds (i.e., a frame's worth of each 

aJplication Mi) are 10 Kbps, then the average transfer rates £or the first 2T 

sJconds, MTRl th.rough M'I'RS, are 5 Kbps, 10 Kbps and 20 Kbps1 respectively 

a~ seen from FIG. 7. 

I In block 70, the control program 252 deter.mine~ how to allocate time 

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

JoughMTR3. FIG. 9 is a flow chatt showing a slice a~ocating operation 70 of 
I 

CPU 100 under the control of the control prograin 252 in accordance with the 
l 

pl"nciples of the invention. 

After step 60 of FIG. 6, CPU 100 makes a test to see if the 

aP,plications Ml though M3 can be transmitted at the required transfer rates 
I 

RTRI through RTR3 .respectively in step 71. Specifically, CPU 100 makes the 
I 

following test: 

I IMTRa • RTRa[ <b, (0) 

w~ere the suffix "a.,, indicates that the appllcation is an audio application, and 
I 

b is a positive value. The value b xnay a constant or vary with thnQ. If the 

vJhte bis variable, the value b may be automatically changed by mes.su:ring 

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

I 
I 

I 11 
I 

i 
I 
i 
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I 

I 
Jequality (0) is not affected by the change in the transfer rate MTRa. Since 
I 

M3 is an audio application and MTR3 and RTR3 are 20 Kbps and 10 Kbps as 

dlscribed above, a test is made to see if I MTR3 - RTR3 l = 10 < b. 

I 

Alternatively, the follow.ing test may be made: 

(1 + ~)· !RTRi < ~MTRi1 
l l 

(1) 

where a: is a positive constant. 

I 
I 

M or sets a flag M to 0 in step 72 (the tla~ M is used in a preferred audio 
I 

· al~ocation operation detailed later). In step 731 CPU 100 makes another test in 

If the inequality (0) and/or (1) is true, CPU 100 stores 0 in a location 

10 s~ep 73 to see if the total transf'er rate is smaller than the maximum transfer 

rJte of the network 20. Alternatively, the following test may be made. 

15 

20 

25 

l }:MTRi < (1 +J3)- ~RTRi. (2) 
. 1 l 

I 
where /3 is a constant larger Ct • In this case, it is preferable to set the right 

sike of the inequality (2) to a value near the ln.aximum transfer rate of the 

nltwork 20. If the test result is YES in step 73, which means that the ovei:all 

trknsmission rate is in an acceptable range, then CPU 100 performs a normal 
I 

slice allocation operation (detailed later) in step 75 and ends the slice 
I 

allocating operation 70. 

I I! the test result is NO in cU!cislon step 71, which ineans that oJJJ> "' 

,ore application can not be transmitted at a rate not lower than a required 

transfer rate, then CPU 100 performs a preferred audio allocation operation 

(+tailed later) in step 77. If the test l"OSult is NO in decision step 73, which .. 

means that the measured transfer rates are so high that the delay time in the 

nJtwork 20 can not be neglected, then CPU 100 performs a transfer rate 

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

eJds the slice allocating operation. 

I 
I 
I 
I 

12 Jifii1iU 
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I .Asswningthat the constants ~ and /3 are 0 and 0.5, respectively, 

wl discuss the .above-mentioned example. As described above, the sum of the 
l 

ref uired tl8DSfst rates is 25 Kbps ("' 5 + 10 + 5 in FIG. 4). and the sum of the 

measured transfer rates is 35 Kbps (::: 5 + 10 +20). It is clear that the 

inlquality (1) is satisfied. Further, since 35 < 1.5 • 25 (= 37 .5), the inequ.ality 
l . 

(2} is also satisfied. Thus, the normal transfer rate subroutine is executed in 
I 

this case. 

Nbrmal Slice Allocation Operation 

· I FIG. 10 is a flow chart showini: an exemplary nonnal slice allocation 

10 . of ation 75 execute~ by CPU 100 under the condition oithe control program 

25F in accordance with the principles of the invention. In step 300, CPU 100 

calculates th0 number of slices to be allocated to the threads THl -TH3 based 

15 

20 

25 

I 
on! the measured transfer rates MTRl - MTR3 sueh that the transfer rates 

bebme equal to the required transfer rates RTRl - RTR3. 

l One of allocation schemes adaptable in this case is to calcula.tin.g the 
I . 

n-dmber of slices to be allocated to the thread THi simply by using the ratio of 
I 

RTRilMT.Ri. 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 

tJead THi is SNi', the number SNi' is given by the equation: 

l
l SNr = SNi·(RTRilMTRi). (3) 

Si ce SNl == SN2;:: SNS= 2 according to FIG. 5, we ha-ve: 
I l SN!'= 2·(10/5) = 4 

SN2• = 2·(5/10) = 1 and 

SN3' = 2 '(10/20) = 1. 

Aclcotdingly, four slices ~re allocated to the thread THI and o:ne slice is 

allocated to each of the threads TH2 and TH3 for e'rery T sec. as shown in FIG. 

ul The changing of slice allocation results in data transmission for the ne~1: 
13 
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I 

2T sec. as shown in FIG. 12. In this case, the block 60 of FIG. 6 again 

4asures the ttansfer rates of the threads THl through TH3 to obtain: 

I MTRl = 10 Kbps, 

I MTR2 = 5 Kbps, and 

J 
MTR3 = 10 Kbps. 

I this ease, the frames of FIG. 12 are presented on relevant outpu.t devices 
I 

32-1 end 32·2 of the clients 30-1 and 30-2 as shown in FIG. 13. . 

Though the ratios RTRi/MTRi are simply used for the calculation of 

.th~ number of time slices to be allocated to the threads TH! -TH3, the 
I 

10 allocated slice numbers may be adaptively changed at each execution of step 
I 

300. 

15 

20 

25 

Thus, even if CPU 100 has changed the slice allocation for its own 

prioeessing or other application programs, the multimedia information server 
I 

1q can automatically recover the appropriate slice allocation. 

I Further, CPU 100 make s a test in step 302 to see if the lllultimedia 

,~lic:atio:n.s need synchronization. If not, then CPU 100 simply ends the 

normal slice allocation operation 75. If not, CPU 100 synchronize the 

Jilications with each other m step 804. The synchro.UZation sohem.e ;. to 

transmit ~ata of applications other than the application that has been 

trbmitted most for the subsequent measurement intetval T.tn (Tm is 
I 

askumed to be 2T sec. in this specific example) such that the applications will 

hJve been synchronized at the end ofthe subsequent measurement interval. 
I 
j FIG. 14 is a flow chart showing an exempla:ry synchronization 

,eration accordinir to the principles of the invention. In step 310, CPU 100 

calculates, for each application, the difference Iii of the transmitted data 
I 

axb.ount minus the data amount that should have been transmitted for the last 

mlasu.rement interval (Tm), i.e., 

14 
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I l>. i = (M'l'Ri-RTRil ·Tm. 

In this example, assmning Txn to be 2T, we obtam: 

l:i 1 = -lOT Kbits 

A2 = +!OT Kbits 

b. 3 = +20T Kbits 

................ (4) 

In step 312, CPU 100 finds the time period Te that it takes to 

transmit the excessively transmitted data of the most-sent application: 

Te = b.i/RTRi 

;;; (MTRi - RTRi) · TmJRTRi. 

10 Smee the most-sent application is MS in th.is specific example, we obtain Te = 
I 

16 

20 

25 

2T (== 20T/10). 

In step 314, CPU 100 calculates, £or each application, the alll.ount of 

data to be transmitted for the time period Te, ie.1 RTRi ·Te. ln this case, the 

Jaunts of data to be transmitted for the time period 2T are: 

20T Kbits for Ml 

!OT Kbits for M2 ' ............. (5) 

0 for MS (20 Kbits of data has been excessively tranSlD.itted). 

In step 316, CPU 100 calculates, fo:t each application Mi, the 

co ection value Ci defined by: 

Ci =RTRi ·Te -Ai(= RTRi ·Te - (MTRi-RTRi}-Tm). 

J this example, the correction values for the applications :Ml and M2 ate 30T 
I 

Kbits and 0 bit. respectively. That is. in order to synchronize the applications, 

it~s only necessary to transmit the application Ml at a rate of 15 Kbps(:::; 
I 

Ci/Tm) for subsequent measurement interval 2T (=Tm). CPU 100 allocates 

tl.e slices to :relevant threads accordingly in step 318. In step 320, CPU 100 

a~ually transmit applications at a rate of 15 Kbps fo:r subsequent 

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

15 
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tllread THl as shown in FIG. 15. In step 3221 CPU 100 :restores the slice 
I 

allocation as determined in step 300 and ends the synchronization operation 
I 

304. 

According to the invention, the synchronization of the transmitted 

iedia is automatically maintained. 

Pieferred Audio Allocation Operation 

The throughput ot the amount of transferred data of the network 20 

mr1Y lower or the available slices of CPU 100 may decrease to the extent that 

.tbk applications to be transmitted can no longer transmitted at their requ:il'ed 

10 t.t~er rates. In such a case, a pi:e&ued audio allocation operation is 

executed. 

15 

20 

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

allocation operation according to the principles o! the invention. In this 
I 

o,eration, referring to the priorities stored in the multimedia application 

tlle 270 of FIG. 4, more slices are allocated as possible to the applications o~ 

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

Jplications. 

In step 880, CPU 100 adjusts th~ subsequent transfer rates TRv of 

image applications (which is denoted as Mv) as follows: 

l TRv = MTRv + (MTR.a - RTRa) ·Ad, 

w ere Ad is a positive variable coefficient. If the measured transfer rate 
I 

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

res:i.uired transfer rate RTRa of the audio application Ma. the transfer rates 
I 

T'v of imaie applications Mv is reduced. If the measured tran~fer rate MTRa 

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

tr!nsfer rates TRv o~im.a~e applications Mv is increased. ~~·step 331. CPU 

lOr allocates as many slices as possi'ble to tho audio application (MS in this 

16 
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I 
cJse). ln step 332, CPU 100 :makes a test to see ifM = 0. If so, which means 

Jat this preferred audio allocation operation has not been executed, then 
I 

CPU 100 proceeds to step 888. Otherwise, CPU 100 updates the value of Ad in 

stlp 334. The coefficient Ad is changed in any of the following ways: 
l 

1. If the unequal :relation between the measU?ed and the requi:red 

transfer rates is the same as the last preferred audio allocation 

operation, then the coefficient Ad is increased and, otherwise, 

decreased. 

1. The degree of the increase and the decrease of (1) is made 

proportional to the difference between the measured and the 

required transfer rates. 

1. The coefficient Ad is set as Ad = RTRa - MTRa. 

After step 334, CPU 100 sGt the flag M to 1. 

Tiis causes the coefficient Ad to converge rapidly. 

I For example, If the allocated slices are allocated as shown in FIG. 17 

in step 71, then. an execution of the preferred audio allocation operation 

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

a.Jdio and a video change with the change in the trans:rn.ission bandwidth of 

, n.twork zO. 

T:tlansfer Rs.te Optimizing Operation 

Generally speaking, a network 20 is characterized in that the more 

th~ transfer rate increases, the longer the delay time becomes as shown in FIG. 

,. This is because a single transmission bandwidth is shared by TDM (time­

division multiplexing). ~.t\.lmost all of the conventionally used networks have 

th~s characteristic. The transfer rate optimizing operation minimizes the 

dJlay that occurs in the network 20. 

The relationship between the maximum transfer rate and the delay 

17 
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time is pr~ferably measured in advance with respect to the network 20 and 

+din the mass storage device106. Alte?Mtively, the relationship may be 

plriodically and automatically measured. 

FIG. 22 is a fl.ow chart showing an exemplary transfer rate 

OP,tllnizing operation according to the principles of the invention. In step 840, 
I . 

CPU 100 finds a transfer rate ratio (which enables a low delay transmission) 
a~sociated with the total transfer rate }.: MTRiin the network data table 280. 

Stce the total transfe~ rate (MTR.1 + ~ + MTRS in this example) is 15, 

.t}te transfer rate ratio that enables a low delay transmission is 85 % . That is, if transfer rate that enables the low delay transmission is 13 Kbps (= 15 

Kbps x 85 %). In step 842) CPU 100 allocates slices to each thread THi 

a~ording to the obtained transfer rate (lS Kbps in this specific example). This 

allocation is such that more slices are reduced for applications with a lower 

ptl ority. This allocation is preferably performed as the above-described 

p eferred audio allocation operation of FIG. 16. . . 

Distribution of the Same Data 

It is sometim~s the case when the same application is transmitted to 

a plurality of clients. Though all of the above· described features can be applied 

to this case, further techniques is available for this case. 

It is assumed that the packet transmitter threads THl and TH3 

issues data requests at the timing as shown in FIG. 23. It often happens that 

thk threads THl and TH3 issue the data requests not at the same time but in 

va~ near timing. If the same data are used or shared by the thread THl and 

in such a case, it is very efficient. 

FIG. 24 is an exemplary sharable interval table 290 according to the 

invention. A sharable interval (SI) is a. time period in which a data sharing is 

pe~mitted between requests from the threads THl and TH2. In the shara.bfo 

18 
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interval table 290, a sharable interval {SI) is associated with correspondine­

J.occupied (vacant) period of CPU 100. 

FIG. 25 is a flow chart showing an exemplary data read operation 

e:x-ecuted by CPU 100 undel' the control oi a data read .subroutine included in 

tJe control program 252 in tesponse to a data request from a packet 

ttknsmitter thread THi in a single media distribution in accordance with the 

prples of the invention. In step 350, CPU 100 obtains a sharable interval 

(Si associated with the vacant period of CPU 100 from. a sharable interval 

.talle 290. In step 352, CPU 100 sets Tl to the current titne (i.e., the requested 

time). In step 354, CPU 100 makes a test to see if it (~Tl) is more than SI 

Jar the last requested time (T2) , i.e., Tl > T2 +SI. H so, the CPU 100 r· a new frame of data in step 358. Hnot, the Cpu 100 returns tho same 

frame of data in step 356. After step 356 or 358. CPU 100 sets the value of Tl 

jd T2 to the current time in step 360. 

If. for exsmple. the threads THl and TH2 issue ?equests at the 

timing as shown in FIG. 23 when slices ate allocated as shown in FIG. 26, 

+since the vacant period of FIG. 26 is In the range from 101 to 800 ms. the 

va:lue of SI is set to 1 sec. As a result, the data read subroutine returns frames 

to the requesting thMads as shown in FIG. 27. Similarly, if the threads issue 

20 reg,uests at the timing as shown in FIG. 23 when slices are allocated as shown 

int~IG. 28. then SI is set to 8 sec., resulting in returning frames as shown in 

Fk.29. 

25 

Though in the above embodiment, the sharable interval SI has 

chling-ed depending on the load of CPU 100, i.e., the lenirth of vacant period, 

thk sharable interval SI may be set to a constant value, say, 1 sec. In this case, 

thb step 350 is omitted. 
I 

Client Terminal 
I iiftiiiii 19 
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Each time a client terminal 30 receives a :fralll.e, the terminal 30 

preferably sto:r:es the frame number and the received time or the cunent time 

sJ that the terminal 30 can display the received frames in the same timing as 
I . 

tliey were received. · 

I - It is assumed that the m11ltimedia server 1 tr8llsm.its frames of the 

m~timedia application Ml in the timing shown in FIG. 30. For the sake of 

sJnplicity, only frames of.Ml are shown in. FIG. 30. It is also assumed that the 

frbmes transmitted from the server 1 reaches a destination client 30 in the 

I · · h · · t· m .same tmung as t e transmission nn g. 

FIG. 32 is a flow chart showhlg an exemplary :reception operation 

executed by a CPU 33 of a client 30 when the client recei11es a fraro.e addressed 

, the client through the IF 31. In step 370, CPU 83 receives a fr8lne of . 

packets addressed to the client. In step 372, CPU 38 makes a test to see if the 

rJceived frame is one of a new application. If so, then CPU 33 stores the frame 

J a new name in step 37 4 and creates a :received time table in the n.ew name 

J step 376. Otherwise, CPU 33 stores the frame in a relevant location in step 
I 

8,8. After step 376 or 378, CPU 33 stores the frame number of the received 

frame an.d the :received time (or the current tll:n.e) in the :received time table of 

tJe received frame in step 380. In step 382, CPU 33 makes a test to see if the 

a-Le is the end of frame stream (i.e .• the last frame of an application). If not, 
I 

CPU 33 returns to step 370. l£ so, then CPU 83 ends the reception operation. 

If a user requests the client 30 to display one of multimedia 

atH>lications stored in a just-desctibed manner, the client 30 operates as 

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

thl frames of the requested application at the thne specified by the received 

tuhe data associated with the frame in the received time tabl0 of FIG. 31. · 

Dbing this enables a correct reproduction of a time series data. 

20 
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Many widely different em.bodiments of the ptesent invention may be 

ca tructed without depattine- from the spi:tit a.nd scope of the present 

mlention. It should be understood that the present invention is not limited to 

Je specific embodiments described in the specification, except as defined in 

tJe appended elall:ns. 

iiiiiifrj~ 
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T IS CLAIMED IS: 

1. A method for t?ansro.itting multimedia applications including a 

vii eo and an audio at respective adapted transfer rates in a server connected 

with a network wherein the server operates on an operating system. which 

pJrmits a multithreading by allocating time slices to thread, the method 

clprising the steps of; 

for each application, preparing data on a :required transfer rate 

· fileative of a p~mitted lowest transfer rate fo:r the application; 

generating threads for respective applications; 

allocating an initial number of slices to each thread to let said 

t · eads transmit said respective applications; 

measuring a transfer :rate of each th:i:ead at a time intervali 

calculating a nUlnber of slices to be allocatQd to each thread such that 

thl measured transfer rate of &aoh thread (i.e., each application) becomes 

eJual to said required transfer rate of the application transmitted by the 

tJread; and 

allocating said calculated number of slices to each thread. 

2. A :method as defined in claim 1, wherein said calculating step 

20 comprises the step of calculating a number of slices by multiplying a current 

nkber of slices allocated to each thread by a ratio of said :required transfer 

raL to said measured transfer rate. 

25 

3. A lll.ethod as defined in claim. 1, further comprisini the step of, in 

response to a detection of asynchronism among said applications, temporarily 
l 

allocating a correct0d number of slices to each thread such that said 

i 
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4. A method as defined in claim 1, further comprising the steps oft in 

re-jponse to a detection of a decrease in a total of said measured transfe.r .rates, 

allocating less slices to applications oflower priorities and more slices to an 

Jplication of a higher priority. 

5. A :method as defined in claim 4, wherein said step of allocating less 

slices to applications of lower priorities comprises the steps of; 

calculating an amount of reduction in said less slices by using a 

# 24/ 46 

10 coe:flicient; and 
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in response to a result of said step of allocating less slices to 

!cations of lowro: prioriti.os, changing a value of said coefficient so that a 

· rence between said required transfer rate and said measured transfer + al said application of said hieher priority beconies zero. . 

6. A:r:nethod as defined in claim lt further comprising the step of, in 

response to a detection that a total of.said measured transfer l'a.tes exceeds a 

pf determined_ value, reducing said total of said measured transfex rates to a 

percentage associated with said total of said 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 

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

mkthod comprising the steps of; 

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 saicl step 
~~~~=-....l-~~~~ 
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of returning a unit of data includes the step of: 
I I in response to a detection that a difference between said time of said 

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

ti!read is smaller than a value associated with an unoccupied period of a 

cJ:ntral processinr unit of the server, ret'Ul'ning a same unit of data as 

re~urned at said time oflast request. 

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

.s lectmg a predetermined constant value for said value. 

9. A method fo.r displaying a received data from a network in a same 

thning as the data has been transmitted in a client terminal connected with 

Je network. the method comprising the steps of 

I receiving and stotine; a unit of data addressed to said client; 

storing a Ullit ID of said teceived unit and a received time; 

displayini a stol'ed unit of data of said unit ID at said received time. 

10. A server for transmitting multimedia applications including a 

viaeo and an audio at respective adapted transfer rates in a server connected 
I 

20 with a network wherein the setver operates on an operating system which 

Jrmits a multithteading by allocating tixne slices to thread, the server 

25 

I 
I • . compr1smg: 

means for preparing data on a required t~ansfer rate indicative of a 

permitted lowest ttansfer rate for the application; 

means for generating threads for respective applications; 

means for allocating an initial number of slices to each thread to let 

sa:i.d threads transmit said respective applications; 

I 24 
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means for measuring a transfer :rate of each thread at a time interval; 

l:D.eans for calculating a number of slices to be allocated to each 

tliread such that the measured transfer rate of each thread (i.e., each 

Jplication) becomes equal to said required transfer rate of the application 

trbsmitted by the thr~ad; and 

means for allocatini' said calculated nwnber of slices to each thread. 
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