1 DESCRIPT1ON TITLE: PARAMETER ESTIMATION DEVICE, PARAMETER ESTIMATION
METHOD, AND PARAMETER ESTIMATION PROGRAM 5 TECHNICAL FIELD [0001] The
present invention elates to a communication throughput prediction device that estimates
communication throughput and a control parameter determination device that 10determines a control
parameter used for transmitting data. BACKGROURID BRI [0002] A communication throughput
prediction device that estimates communication 15 throughput, which is the size (the amount) of data
delivered (transmitted) per un e is known. As one of this type of communication throughput prediction
devices, a communication throughput prediction device described in Patent Document 1 transmits test
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20communication throu%hgut, based on the measured time. [0003] Patent Document 1: Japanese
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5
TECHNICAL FIELD
(0001]

The present invention relates to a cominunication throughput prediction device that
estimates communication throughput and a control parameter determination device that

10 determines a control parameter used for transmitting data.

BACKGROUND ART
{0002]
A communication throughput prediction device that estimates communication

15 throughput, which is the size (the amount) of data delivered (transmitted) per unit time, is

known. As one of this type of communication throughput prediction devices, a communication

throughput prediction device described in Patent Document | transmits test data having a

predetermined data size, and measures a time required for transmission of the test data to be

completed. Then, the communication throughput prediction device predicts future
20 communication throughput, based on the measured time.

[0003}

Patent Document 1: Japanese Unexamined Patent Application Publication No. 2003-037649



Communication throughput in communication using TCP/IP (Transmission Control
Protocol/InternetProtocol) relatively largely changes in a short period of time due to  complicated
action of various factors (e.g., End-to-End delay, pa@ket loss, cross traffic, the 5intensity of radio
waves in radio communication, etc.). [0005] For example, in the communication throughput
predictiof’8dice, communication throughput may decrease due to increase of ross traffic after
transmission of test data is completed, or communication hroughput may increase due to increase of

the ntensity of adioAGwanes i iaeio agmMHnisatiat: inthasessasas theres.aspiRbism thatthe
communication throughput prediction device cannot estimate communication throughput with high

accuracx;ég{l\{(l)l}{lﬁgx}ggolog][ lS(ﬁ cogdln )&/ mg (i/a‘b}og\{] ggg %resenf(l)rglventlllcz) “t(h}otg)lowq

parameter estimation device cap b & of SO mentione pro ere s a'd&s& where
the accuracy of estimation of communication throughput becomes excesswely low." [0007] In
order to SEPBVEFE BBjaRtoh bHFélH?efté‘ft%‘s“tlﬁﬁéhoﬁg H&ﬂc@lélsdéa‘r‘éxé?hb%r@%éﬁﬂ%(ﬂf fént dfche
present invention includes: a communication throughput acquiring means fbr acquiring
cominunicatisittlioughputika is anl aneount otidatairansmitted per unite; and

[0005]

For example, in the communication throughput prediction device, communication
throughput may decrease due to increase of cross traffic after transmission of test data is
completed, or communication throughput may increase due to increase of the intensity of radio

10 waves in radio communication. In these cases, there is a problem that the communication

throughput prediction device cannot estimate communication throughput with high accuracy.

SUMMARY
[0006]

15 Accordingly, an object of the present invention is to provide a parameter estimation
device capable of solving the abovementioned problem, “there is a case where the accuracy of
estimation of communication throughput becomes excessively low.”

{0007]
In order to achieve the object, a parameter estimation device as an exemplary

20 embodiment of the present invention includes:

a communication throughput acquiring means for acquiring communication

throughput that is an amount of data transmitted per unit time; and



3 a function specification parameter estimating means for estimating a function specification
parameter for specifying a probability density function where communication throughput at a second
time point later than a first time point is a random varable, based on the communication throughput
acquired by the first time point. 5[0008] Further, a parameter estimation method as another
exemplary embodlirffisistion presentiientionds el¢nethioa dtoludimgms  foaceuinmgigonamimication
throughput that is an amount of data transmitted per unit time; and 10estimating a function

specificatipr prtametedion apeclying:a Riababiitndensiy Junstionwhers e episatiandasgrghput
at a second time point later than a first time point is a random variable, based on the communication

throughpﬁﬁ&&gg}tﬁpﬁ%@ﬁ@gﬂﬂ{ﬂﬁg& ég} tatqugc?[]'\ ﬁrs} EHrther. a param ter esti.g]) tiog prqgram as

. 1C )Oi'n IS 4 randoin var ! ]
another exe odiment o présent invention 1s'a prograf eliding InsrGéi6hs for

causing an*on processing device to perform operations including: acquiring communication
throughpUetHAETTE HHAHMBLH St el framdraitied ihediositifmecitd estimating a function specification
parameter for specifying a probability density 20functionere communication throughput at a second
time3poinDIdi&f than a first time point is a random variable, based on the communication throughput
acquired by the first time point. [0010] 4 With the configurations as described above the present

invention can in%ﬁﬁ@r,th:? e antaad %@tﬂ%ﬂmi%Qemo%%%Hﬁiﬁ%Pi%%Q{;%%h%Hltbodimem of the
present invention is a method including:
acquiring communication throughput that is an amount of data transmitted per unit
time; and
10 estimating a function specification parameter for specifying a probability density
function where communication throughput at a second time point later than a first time point is
a random variable, based on the communication throughput acquired by the first time point.
[0009]
Further, a parameter estimation program as another exemplary embodiment of the
I5  present invention is a program including instructions for causing an information processing
device to perform operations including:
acquiring communication throughput that is an amount of data transmitted per unit
time; and
estimating a function specification parameter for specifying a probability density
20 function where communication throughput at a second time point later than a first time point is

a random variable, based on the communication throughput acquired by the first time point.

[0010]



BRIEF DESCRIPTION OF DRAWINGS [0011] Fig. I is a block diagram showing a thnction of a
communication throughput prediction device according to a first exemplary embodiment of the present
invention Fig. 2 is a graph showing an example of change of communication throughput following
a probability density function used by the communication throughput prediction 10device according to
the first exempla® 8hibedintérsfithespresisaeibedntiorve. theReseris argrapninashichreastatigard
deviation calculated based on the probability density function used by the communication throughput

predictioncdendce @tsond i iothefnshexemplanepiadiment of the present invention is compared
with a standard deviation calculated based on communication throughput measured in an actual

communication | 5network; Fig. 4 is a block diagram showing a function of a delivery device
according to a second exemplary embodiment of the present invention; Fig. 5 is a block diagram
showing a function of a delivery system according to a third exemplary embodiment of the present

inventior? BBHIP BIS BIBIBIRNIQE BRANENGY a function of a communication throughput prediction

device according to a fourth exemplary embodiment of the present invention; Fig. 7 is a block diagram
showing[@duhftion of a parameter estimation device according to a fifth exemplary embodiment of the
presentinvention; Fig. 8 is a block diagram showing a function of a delivery system according to a

Sixh exemplary pbAdENt e PIESEAT IIVGIION: funciod 9 %15 0FGRN.ShaWiRg, chnge of a

. . : : il )
remaining reproduction time in the delivery 5system according to the sixth exemplary empbodiment of

the present jnvention; and , : . _ )
prediction device according to a first exemplary embodiment of the present invention;

Fig. 2 is a graph showing an example of change of communication throughput

following a probability density function used by the communication throughput prediction
10 device according to the first exemplary embodiment of the present invention:

Fig. 3 is a graph in which a standard deviation calculated based on the probability
density function used by the communication throughput prediction device according to the
first exemplary embodiment of the present invention is compared with a standard deviation
calculated based on communication throughput measured in an actual communication

15  network;

Fig. 4 is a block diagram showing a function of a delivery device according to a
second exemplary embodiment of the present invention;

Fig. 5 is a block diagram showing a function of a delivery system according to a third
exemplary embodiment of the present invention;

20 Fig. 6 1s a block diagram showing a function of a communication throughput
prediction device according to a fourth exemplary embodiment of the present invention:

Fig. 7 is a block diagram showing a function of a parameter estimation device



Fig. 10 is a graph showing change of a remaining reproduction time in a delivery system that is a
comparison example. EXEMPLARY EMBODIMENTS 10[0012] Referring to Figs. 1 to 10, the
respective exemplary embodiments of a parameter estimation device, a parameter estimation method
and a parameter estimation program according to the present invention will be described below.
15[0013 awirstiERéonplaith Embodinientboasshowhtine Figsditansemimunication throughput prediction
device (a parameter estimation device) 100 according to a first exemplary embodiment is a device that
predicts  comrpynigatianIBERUG RN SRMMYNIGaHORMINIPUGPNLIS lsamaunafdata fraggmitted
per 20unit time. [0014] 6 device. For example, the communication throughput prediction device 100 is
a personal co puter&)mo}bﬁﬁgﬂgge ter[n‘i:ri}ia‘lj,c%{PHS (Personal Handyphone System), a PDA

(Personaﬁ%gt‘é ‘Késﬁgtancg, ersonaPBfgg(’l?al sséf)anht), a smartphone, a car navigation tcrminal, a
game terminal, or the like. 5[0015] The communication throughput prediLtion device 100 includes

a central procesdiffy dnfs(CREPARBOYErsbendeviEs Eammemaryenddusiire Hisk drivee(dODYywhich
are not illustrated in the drawings. The communication throughput prediction device 100 is configured
to reflizesgsfunctienidescribdd ke byethpl &P bhshedraubiont afeppragraim sterad imdhe storage

Fig. 10 is a graph showing change of a remaining reproduction time in a delivery

system that is a comparison example.

EXEMPLARY EMBODIMENTS
10 {0012]
Referring to Figs. I to 10, the respective exemplary embodiments of a parameter
estimation device, a parameter estimation method and a parameter estimation program

according to the present invention will be described below.

15 [0013]
<First Exemplary Embodiment>
As shown in Fig. I, a communication throughput prediction device (a parameter
estimation device) 100 according to a first exemplary embodiment is a device that predicts
communication throughput. Communication throughput is the amount of data transmitted per
20 unit tune,
[0014]

The communication throughput prediction device 100 is an information processing



10device. [0016] (Function) Fig. 1 is a block diagram showing a function of the communication
throughput prediction device 100 configured as described above. The function of the communication
15 throughput prediction device 100 includes a comfunication throughput measuring part (a
communication throughput acquiring means) 101, a drift calculating part 102, a variance calculating
part 103d8nda Eomsiumoitiothenroughpuicptiedicting phpt:{apcotmomidation stafussestipwatingimeans)
104. The drift calculating part 102 and the variance calculating part 103 configure a function
specificatifppaameiebstiiating:means « 20RO Jhicammlieali g duayahpet Angaskising part
101 measures (acquires) current 7 transmission of data to be the target of prediction of

Comm””Hﬁﬂ%&*ﬂ!&ﬂgﬁH“érél%&agf_sﬁ%ﬁa Aancembodiment, tansmission by streaming), The. .
communication throughput prediction device 100’ may be'configured 16 acquire communic&iBis
throughput by receiving;,from another device. 5[0018] In this exemplary embodiment, transmission
of data t&*BRIHL fﬁrﬁ& H‘feprediction of communication throughput is transmission :if data representing
a moving image from a server device to a client device connected with the server device via a
communiigatidoh network. The client device is configured to reproduce a moving image based on
received data. 10[0019] Further, in this exemplary embodiment, the server device transmits data

to the client devigg.via, e GARARNIGAL ghg&%vgp&sayousmi&cde“’fQf&ﬂ%ﬂy%%i.%?aﬁgpﬁta%ksi%ut

Protocol/Internet Protocol). Therefore, in'this exemplary embodiment, communicatior throug

predicted b}/ {g mrqunig:ation:through ut prediction device 100 is 15communication throughput in a
TCP seciibh bELIRHLA BOMERASKESLNEFRE A kA tHE LIk A8Vl 1H82p] which are not

ilustrated in the drawings. The communication throughput prediction device 100 is configured
to realize a function described later by the CPU’s execution of a program stored in the storage
10 device.
[0016]
(Function)
Fig. 1 is a block diagram showing a function of the communication throughput
prediction device 100 configured as described above. The function of the communication
I5  throughput prediction device 100 includes a communication throughput measuring part (a
communication throughput acquiring means) 101, a drift calculating part 102, a variance
calculating part 103, and a communication throughput predicting part (a communication status
estimating means) 104. The drift calculating part 102 and the variance calculating part 103
configure a function specification parameter estimating means.
20 [0017]
The communication throughput measuring part 101 measures (acquires) current

communication throughput (communication throughput at a current time point) in



The communication throughput prediction device 100 may be configured to acquire communication
throughput relating to data transmitted by using a communication protocol 20that s other than TCP/IP
and that ensures arrival of data. [0021] 8 [bps (bit pgr second)], the current communication throughput
u(t) is calculated as shown by Formula 1; [Formula 1] AS u(i) , AT 5where Al' [see] is a preset time
(e.g., 2 [SEBPmasEAD [bildiis thebanbuntgktath fthdidize offdeta)mansmittedidovigpatpenodifrom
time t-AT that is AT earlier than the time t to the time t. [0022] In this exemplary embodiment, the

communigafioplihyougiipdimeasunngpatidA 1 Meagkigsisbirentconmunisationtorauahpmtuevery
preset interval 1 [sec]. Thus, the 10 communication throughput measuring part 101 acquires time

series dﬁ%@e Ni)(aserie %ﬂ‘ glatatr)réeaSl{red it[_ré téiime.oj g:ommunjptation thro%?}h% t, where.n takes
integers I'to N, and N denotes the RumberEel times iHat e CSRTARALOH tHERSh Bt i SE Wisured
up to a first time point (in this exemplary embodiment, a current time point). [0023] 15The drift
calculatidt Bt ditifates drift based on the time series data u(n ) of the communication
throughput u acquired by the communication throughput measuring part 101. Drift represents a
longsternptéporal change rate of the communication throughput u. Drift forms part of a function
specification parameter. Herein, a function specification parameter is a parameter for specifying a

probabilty densigy HRCUQB{BIRRANIAL SIS BuNASHAN ShPWR. A3 RRUTHIR P ARG L) I
which a random variable s communication throughput at a £ P
communication throughput is transmission of data representing a moving image from a server
device to a client device connected with the server device via a communication network. The
client device is configured to reproduce a moving image based on received data.
10 [0019]

Further, in this exemplary embodiment, the server device transmits data to the client
device via the communication petwork by using TCP/IP (Transmission Control
ProtocoVInternet Protocol). Therefore, in this exemplary embodiment, communication
throughput predicted by the communication throughput prediction device 100 is

15 communication throughput in a TCP session established between the server device and the
client device,
[0020]

The communication throughput prediction device 100 may be configured to acquire

communication throughput relating to data transmitted by using a communication protocol
20 thatis other than TCP/IP and that ensures arrival of data.

[0021]

Further, given that current communication throughput at certain time t [sec] is u(t)



second time point (in this exemplary embodiment, a future time point) later than the first time 9 point.
[0024] In this exemplary embodiment, the drift calculating part 102 calculates drift based on the
latest in time series data u(N1), u((N-1)1),u(N-m+1)) of all the time series data u(nl) 5acquired by the
communication throughput measuring part 101. [0025] To be specific, the drift calculating part
102 calcliaterthesiopeond B, liheafusmtionapproxiivativgohe imeSe e sdetiu MNLY , g L)),
u((N-m+1)1) as drift by using the least squares method. That is to say, the drift calculating part 102
calculatesogiilhip #s shown 10by Formula 2; [Formula 2] ft ' E (k1) E it( in E (kw - {E (ki)}2 where IXk
denotes the sum of Xk when k takes integers from "N-m+1" to N." [0026] 15The difil calculating art 102
may be (fgmf]%fgq]to calculate drill by using the

AS
u(l) = AT

5  where AT [sec] is a preset time {e.g., 2 [sec]), and AS [bit] is the amount of data (the size of
data) transmitted during a period from time t~AT that is AT earlier than the time t to the time t.
{0022]

In this exemplary embodiment, the communication throughput measuring part 10]
measures current communication throughput u every preset interval I [sec]. Thus, the
16 communication throughput measuring part 101 acquires time series data u(nl) (a series of data
measured with time) of communication throughput, where n takes integers 1 to N, and N
denotes the number of times that the communication throughput n is measured up to a first
time point (in this exemplary embodiment, a current time point).
[0023]
15 The drift calculating part 102 calculates drift based on the time series data u(nl) of the
communication throughput u acquired by the communication throughput measuring part 101.
Drifl represents a long-term temporal change rate of the communication throughput u. Drift
forms part of a function specification parameter. Herein, a function specification parameter is
a parameter for specifying a probability density function (a probability density function shown
20 by Formula 5 described later) in which a random variable is communication throughput at a

second time point (in this exemplary embodiment, a future time point) later than the first time



weighted least squares method that communicatou hput measured at a time point closer to a current
time point is more largely weighted. [0027] Further, the drift calculating part 102 may be
configured to calculate the derivative of 20the time s@ries data Mill) at time t (=N 1) as drift. In this case,
it is preferred that the drift calculating part 102 is configured to calculate drift ji by using the simplest
three poiptifdrmula. [Formula 3] [0028] In a case where AT is set to a relatively small value, the
measured communication 5throughput u(nl) relatively largely changes. In this case, it is preferred that
he drift calgulgting part 102 is configured to smooth the time series data u(n1) by passing through a
low-pass filter (e.g., an IIR (Infinite Impulse Response) filter) and calculate the derivative based on the

smoothed time sgrigs data uf. ﬁ Thus,.it is possible. to calculate drif 'th.g.i 1 accuracy. [0029] 10The
variance calculat%lé? part 10; %‘ c%ﬂ’t%%”\?gﬁhr%é(é @f@o‘faf Léﬁfl}lfﬁé g%rrliég\%éf ‘“8 ' f)bo‘#{ﬁg%fﬁﬁ‘ﬁ%nication
throughput u acquired by the communication throughput measuring part 101. Variance forms part of a

function &beldfﬁé‘ ﬁ%ggﬁf‘estgqi_es data u(NI), u((N-1D)I), ..., u((N-m+ D) of all the time series data u(nl)
5 acquired by the communication throughput measuring part 101.
{0025]

To be specific, the drift calculating part 102 calculates the slope of a linear function
approximating the time series data u(NI), u((N—DI), ..., u((N-m+D)I) as drift by using the
least squares method. That is to say, the drift calculating part 102 calculates drift yu as shown

10 by Formula 2;

[Formuia 2]

_m SoAkIu(kD)} = ST (k1) Z.'z,t,(k[)
3 (1)~ (5 (f))

7

where } X; denotes the sum of X, when k takes integers from “N-m+1" to N.»
[0026]

15 The drift calculating part 102 may be configured to calculate drift by using the
weighted least squares method that communication throughput measured at a time point closer
to a current time point is more largely weighted.

[6027]
Further, the drift calculating part 102 may be configured to caleulate the derivative of

20 the time series data u(nl) at time t (=NI} as drift. In this case, it is preferred that the drift

calculating part 102 is configured to calculate drift p by using the simplest three point formula.



[0030] To be specific, the variance calculating part 103 calculates unbiased variance as
15variance a2 as shown by Formula 4; [Formula 4] -- u(kl)}2 where m" denotes a value obtained by
averaging the latest in time series data u(NI), M(N-B)%), u(N-m+1)1) of all the time series data u(ni)
acquired by the communication throughput 20measuring part 101. 11 [0031] In this exemplary
embodimEptnkE édbmmunication throughput prediction device 100 is configured to use the current time
porn (i.e., a time point to execute a process of calculating a function specific parameter) as the first
time point. The ¢ .Mcati .n@&oughﬁh Spr ?iction‘ evice 100 may use a time point earlier than
the currentﬁirge pUirt. as the'fi me EJ £ 'éVceTsez, communication throughput prediction
device 100 may use, as the seconddifaé’ point, a time point earlier than the current time point, the
current time point, or a time point later than the current time point a range of time points later than the
first time Point_. 10[0032] The communication throughput predicting part 104 calculates a
probabiliw%%i actual communication throughput at future time t is within a target range, based on the
drift p calculated by the drill calculating part 102, the variance C72 calculated by the variance
calculating part 103 ame avhrobalility sensity fulagien fienhsheuwde binFarmuaca. Atargesdarange is a
range of communication throughput set in advance. [Formula 5]

5 throughput u(nl) relatively largely changes. In this case, it is preferred that the drift calculating
part 102 is configured to smooth the time series data u(nl) by passing through a low-pass filter
{e.g., an IIR (Infinite Impulse Response) filter) and calculate the derivative based on the
smoothed time series data u(nl). Thus, it is possible to calculate drift with high accuracy.
[6029]
10 The variance calculating part 103 calculates variance o of the time series data u(nl)
of the communication throughput u acquired by the communication throu ghput measuring part
101, Variance forms part of a function specific parameter.
10030]
To be specific, the variance calculating part 103 calculates unbiased variance as
15 variance 6° as shown by Formula 4;

fFormula 4]

i 1 . L
0”2 i — Z {_uu.mf - u(k[)}z

mo— |

where vy, denotes a value obtained by averaging the latest m time series data u{ND), u((N-1)1),
- u((N-m+1)1) of all the time series data u(nl) acquired by the communication throughput

200 measuring part 101,



1(i1,1) = NH/jpt,,a2i,-- ------ exp 27(72/ - Ito - ,at 20-2/, 2 } [0033] The communication throughput
predicting part 104 may be configured to calculate 20the upper bound value and lower bound value of

a target probability range at future time t. A target probability range is a range of communication

throughput that a value obtained by 12 integrating the probability density function 10,0 over the target
probabiliy)¥ahge is a preset target probability value. Further, a target probability value is the value of a
probability to be the target. [0034] SFurther, the communication throughput predicting part 104 may be

configured to egfimate.aimeLeaniied i ansissioneLiRir e R aompIRtad:; haged

Q0 F%Ieast one
of the calculated upper bound value and lower bound value of the target probability range. [0035]
nication throughput predicting part 104 may be configured to 10 estimate the

amount of %'lég‘fﬁ%# (R 1ﬁ§H§ﬁﬂﬁ38’ﬁP§‘BE¢i§d At BRIREINEHE RrECtne Purfshaked ok kast one

Further, the comm

of the calculated upper bound value and lower bound value of the target probability range.

10

15

20

a function specific parameter) as the first time point. The communication throughput
prediction device 100 may use a time point earlier than the current time point, as the first time
point. In this case, the communication throughput prediction device 100 may use, as the
second time point, a time point earlier than the current time point, the current time point, or a
time point later than the current time point in a range of time points later than the {irst time
point.

[0032]

The communication throughput predicting part 104 calculates a probability that actual
communication throughput at future time t is within a target range, based on the drift i
calculated by the drift calculating part 102, the variance o calculated by the wvariance
calculating part 103, and a probability density function f{u,t) shown by Formula 5. A target
range is a range of communication throughput set in advance.

[Formuia 5]

f("lﬂ, i) = N{ug + ;1,/,,(7215) = exp _ A

[0033]
The communication throughput predicting part 104 may be configured to calculate
the upper bound value and lower bound value of a target probability range at future time t. A

target probability range is a range of communication throughput that a value obtained by



[0036] Thus, it can be said that the communication throughput predicting part 104 15 stochastically
predicts communication throughput u at future time t, based on drift p calculated by the drift calculating
part 102, variance 02 calculated by the variance caltdlating part 103, and the probability density
function f(u,t) shown by Formula 5. [0037] A method for deriving Formula S willbe described. In this
exemplaytegniouirfienprodotiomdiass isfaerfied fvth therassurmptiopthabdommupicatienpthseughput
changes so as to perform Brown motion with drill. Change of communication throughput so as to

perform Brownigsemetianwith difeerrespandsstadhatia stierhagtia Progess i &f/mmm?%"ﬁéﬁ_'on 13
throughput as a random variable is a generalized Wiener process. [0038] hen a stochastic
process ﬁlg) 'ﬁ" %tWiener process (i.e., Brownian motion) with va_riance a2 the following conditions (1)
to (3) are sa&‘lsﬁed: 5(1)13(0 is an independent increment; (2) with respect to any s and t>0, B(s+t)-B(s)
follows N(0,a2t); and (3) B(0)=0, and B(t) is continuous when t=0. [0039] Herein, N(p,a2)
represente’@Hormal distribution with an expected value 1.1. and 10variance a2. Moreover, B(t) being
an independence increment refers to that when Os<Ns'-ct"

5 Further, the communication throughput predicting part 104 may be configured to
estimate a time required for transmission of data to be completed, based on at least one of the
calculated upper bound value and lower bound value of the target probability range.

[0035]
Further, the communication throughput predicting part 104 may be configured to
10 estimate the amount of data that can be transmitted in a period at or after the first time point,
based on at least one of the calculated upper bound value and lower bound value of the target
probability range.
100306]
Thus, it can be said that the communication throughput predicting part 104
15 stochastically predicts communication throughput u at future time t, based on drift p calculated
by the drift calculating part 102, variance o> calculated by the variance calculating part 103,
and the probability density function f(u,t) shown by Formula 5.
[0037]
A method for deriving Formula 5 will be described. In this exemplary embodiment,
20 Formula 5 is derived with the assumption that communication throughput changes so as to
perform Brown motion with drift. Change of communication throughput so as to perform

Brownian motion with drift corresponds to that a stochastic process W with communication



B(t)-B(s) and B(I)--Bs') become independent random variables. [00401 Further, when a _
stochastic process W(t) is a generalized Wiener process (i.e., Brownian motion with drift). W(t) is

represented by using the abovementioned B(t) as shéwn 15by Formula 6. [Formula 6]

W=it+a3 ()

[0041] In addition, a probability density function c(x) wiespcct o a random variable x 20after t [sec] of
the genedalizatipitienerprdosseiii)dssexpresséid@isVErowrpbycEsrmula 7. [Formula 7] 14 f (x) =

Na21,1 ((Xp\/27Ta?2
[0038]

When a stochastic process B(t) is a Wiener process (i.e., Brownian motion) with

variance o7, the followin g conditions {1} to (3} are satisfied:

5 (1) B(t) is an independent increment;
(2) with respect to any s and t>0, B(s+)-B(s) follows N(0,6°t); and
(3) B{0y=0, and B(t) is continuous when t=0.

[0039]

. i .. . .
Herein, N(jp,07) represents a normal distribution with an expected value p and

. 3 ; . . . ~ . - .
10 variance ¢”. Moreover, B(t) being an independence increment refers to that, when O<s<t<s <,

B(1)~B(s) and B(t")—B(s") become independent random variables.

[0640]

Further, when a stochastic process W(t) is a generalized Wiener process (Le.,

Brownian motion with drift), W(t) is represented by using the abovementioned B(t) as shown

15 by Formula6.

[Formula 6]
W(t) = pl + o B(1)

[0041]

In addition, a probability density function f.(x) with respect to a random variable x

20 after t [sec] of the generalized Wiener process W(t) is expressed as shown by Formula 7.

|Formula 7]



[0042] Therefore in a case where communication throughput u changes according to a
generalized Wiener process, given that time t at a current time point is 0 [sec] and 5 communication
throughput u at the current time point (i.e., t=0 [see}}4s u(0)=u0, a probability density function f(u,t) with
communication throughput u at future time t [sec] as a random variable is expressed as shown by
Formula 5. Thus, Formula 5 is derived. [0043] Fig. 2 is a graph showing an example of change of
communication throu hﬁput 10 following the proba iIity(ens'th)‘iﬁn tion f(u,t) shown by Formula 5.
Communichtibf h"f"o&% bt Foh Pﬁe“c?«?ﬁﬁ ifmegp int*(réﬂy 0100 [sec] later is shown by a plurality
of continuous lines. These communica Eﬁtﬁrough uts aré values acquired by executing Monte Carlo
simulation based on the probability density function f(u,t) when p=>5, ci=50 and ul=1144 [kbps].
15[0044] As shown by Formula 5, the variance of he probability density function f(u,t) of
communiigédidh throughput u changes in direct proportion to time t. That is to say, the standard
deviation of the probability density function f(u,t) changes in direct proportionto the square root t12 of
time t. A dashed ine.js. ve showi . ing.in direct roportion to the square
rootof [0045] 15mr9%]1é3§,din‘%(%%gzﬁﬁgl%wi%&t%%é)y;@/gﬁéﬁﬂﬂ%%ﬂgﬁgg 5#%%%‘1%6%8&%}%’%?0%%put
acquired by simulation Palls within a range drawn by the dashed dotted line, and therelbre, it is
apparenB & Lo CRERS hrdtgHb b eh Al d if dife CHEFSHotiBN RYtAk Sqlalésebtid of time
2. 5[0046] Fig. 3 is a graph showing comparison between a standard deviation calculated based
on the probabititcdersitr fugbiionwatlio: shownt biynEqromlai 5.ard d sstdh dangd0oleviatignadalsiliated
based on communication throughput measured on an actual communication network. A dashed line

shows thr:siapdardidavition valcWatad hassdRnihe oammynication. #Athrqughput measiired on the

actual communication network. A continuous line shows the standard deviation calculated based on
the probapiiydansiinundion ind Shown o0 FOINIR 95 siandard geviation changing direct

proportion to the square root /2 of tim '
[0043]
Fig. 2 is a graph showing an example of change of communication throughput
10 following the probability density function f{u,t) shown by Formula 5. Comununication
throughput from the current time point (t = 0) to 100 [sec] later is shown by a plurality of
continuous lines. These communication throughputs are values acquired by executing Monte
Carlo simulation based on the probability density function f{u,t) when p=5, 6=50 and uy=1144
[kbps].
[5  [0044)

As shown by Formula 5, the variance of the probability density function f(u,t) of
communication throughput u changes in direct proportion to time t. That is to say. the standard
deviation of the probability density function f{u,t) changes in direct proportion to the square
root t"? of time t. A dashed dotted line is a curve showing a value changing in direct

20 proportion to the square root t'? of time t.

[0045]



15A method for calculating the standard deviation based on the measured communication throughput
will be described more specifically. First, actual communication throughput is measured every time a
preset time AT passes. [0048] At timewhen commuhitation throughputmeasured, drift pool and a
standard 20deviation a(e calculated based on communication throughput measured in the past. After
that, normalized Ebwimianlogtidn theowditputor withatéspect tchangrediCtiom time Fifoitribyisghput
throughput u(to) measured at time to, and Formula S. [Formula 8] = u(11)u(lo)P (to Yr O- (to [0049]
SThis pracgsids ByenHigsieHaRy I iMRINCRISSE MG AT PRIBRRMWINIRINGLL I YIRQUsREedigion
times T. Then, a histogram (frequency distribution) of the normalized communication throughput v is
acquired Wlth res to each icti t| s T The Wlth respect to each of the prediction
tlmqes T, the’s aell’l st devia %H"l!sf’ ‘clz?a ﬁ‘d“m Mn &’emac é’&%‘gﬁ%ﬁ?afh Rfoc[@ﬁgﬁ]“ “'hi Fig. 3
the standard deV|at|on calculated based on the probablllty density function f(u,t) shown by Formula 5
has a va‘lﬂé‘%ﬁ‘ﬁmently close to the standard deviation calculated based on the communication
throughput measured on the actual communication network. That is to say, a probability density
funciion gpecfied by the communication throughput prediction 15device 100 represents
communication throughput on an actual communication network with

Fig. 3 is a graph showing comparison between a standard deviation calculated based
on the probability density function f{u,t) shown by Formula 5 and a standard deviation
calculated based on communication throughput measured on an actual communication
network. A dashed line shows the standard deviation calculated based on the communication

10 throughput measured on the actual communication network. A continuous line shows the

standard deviation calculated based on the probability density function f{u,t) shown by

Formula 5 (i.e., the standard deviation changing in direct proportion to the square root t'? of
time t},
[0047]

15 A method for calculating the standard deviation based on the measured

communication throughput will be described more specifically. First, actual communication
throughput is measured every time a preset time AT passes.
[0048]
At time ty when communication throughput is measured, drift y(ty) and a standard
20 deviation o(ty) are calculated based on communication throughput measured in the past. After
that, normalized communication throughput v with respect to a prediction time T (= t;~ty) is

calculated based on communication throughput u(t,) measured at time t, (> ty). communication



high accuracy. [005 | ] As described above, the communication throughput prediction device 100
according to the first exemplary embodiment of the present invention can ncrease the accuracy of
20estimation of communicationthroughput. To be spécific, the communication throughput 17 and
lower bound value of a target probability range) with high accuracy, based on a probability density
function Specifiediar testirrateddun ctiontspadficatiodadarameter. [0052] The communication
throughput prediction device 100 according to a modified 5 example of the first exemplary
embodinp;egltiﬂg@ygge configured to use instead of the probability density function find) shown by
Formula 5, a probability density function derived with the assumption that communication throughput
changes so as to perform Brownian motion (i.e., Brownian notion without drift). Change of
communication thrbughpu{ &g} as o(pe}fbrm Brownian motion without drift corresponds to that a
stochastic process W wﬂ%@g&mmunlcaﬂon throughput as a random variable is a Wiener process.
[0053] In this case, the communication throughput prediction device 100 according to this modified
example is described by setting n=0 in the description of the first exemplary embodiment. Moreover,in
this casgig4spreferred that the function of the communication 15throughput prediction device 100
does not include the drift calculating part 102. [0054] <Second Exemplary Embodime

5 This process is executed every time the preset time AT passes, with respect to various
prediction times T. Then, a histogram (frequency distribution) of the normalized
communication throughput v is acquired with respect to each of the prediction times T. Then,
with respect to each of the prediction times T, the standard deviation is calculated based on the
acquired histogram.

10 [0050]
In Fig. 3, the standard deviation calculated based on the probability density function
f{u,t) shown by Formula 5 has a value sufficiently close to the standard deviation calculated
based on the communication throughput measured on the actual communication network. That
s to say, a probability density function specified by the communication throughput prediction
I5  device 100 represents communication throughput on an actual communication network with
high accuracy.
[0051]
As described above, the communication throughput prediction device 100 according
to the first exemplary embodiment of the present invention can increase the accuracy of
20 estimation of communication throughput. To be specific, the communication throughput

prediction device 100 can estimate communication throughput (e.g., the upper bound value



Next, a delivery device according to a second exemplary embodiment of the present 20 invention will
be described. The delivery device according to the second exemplary embodiment is different from the
communication throughput prediction device 100 ackdrding to the first exemplary embodiment, in
delivering content, and iii deteniiining an encoding rate 18 of content to be delivered based on a
function spécifisatiobvpadameéter. dthereforet destriptian withpe made biglowdocusiyghardteodifterent
points. [0055] As shown in Fig. 4, a delivery device (a parameter estimation device) 200 according 5
to the segoidiKeMRIATY, SRRAHIMGRLIS & %%%Q%F@ﬁ%@@é%‘&%t(gﬁ'é}é@&?@i&ﬁ%&xr%r:ﬁﬁs{&”9 content.
The delivery device 200 is an information processing device. The delivery device 200 includes a
centralvp\)l{é?&gzs]?ng unit (CPU) and a storage device (a memory and an HDD), which are not shown in
the drawings. The delivery device 200 is configured to realize a function to be described later by the
CPU's execution of a program stored in the storage device. 10[0056] (Function) Fig. 4 is a block
diagram showingftie tanctionioftipe delivalpdevitelRODToiigoreds dasedived abevendhiéddinction
of the delivery device 200 includes a communication throughput measuring part (a communication
throsghput-agauinymedns) 2Rdmpiaifit chibhealsidatingapart202: euatipnge calcuating nart8e3, a
rate controlling part (a control parameter determining means) 204, a content accumulating part 205,
andad ransmitting.patt 206. The drift calculatin 11202 and the variance calculating.part 203
configura:étg %){ﬁ%fcﬁ[}%ﬁg {érp%éeﬁ‘lq}:jgﬁ%%ﬁnpa?é Sei}[g‘fvgs%?,ré zﬁ?r{gﬁr'ﬁ éﬁé"’r%éé‘ﬁ%g‘f Hselgc\fof(r:lﬁnrﬁtﬂ(ﬁll%gfgé%’d
throughput measuring part 201,theft calculating part 202 and the variance calculating part 203 have
the sam& e ris SRS R UBHEBRSATED gHisRe shRRS GHAREFRITOLOY, theerifer Bl Bitivigpart 102
and the variance calculating part 103

motion (i.e., Brownian motion without drift). Change of communication throughput so as to

perform Brownian motion without drift corresponds to that a stochastic process W with
10 communication throughput as a random variable is a Wiener process.
[0053]
In this case, the communication throughput prediction device 100 according to this
modified example is described by setting pu=0 in the description of the first exemplary
embodiment. Moreover, in this case, it is preferred that the function of the communication

15 throughput prediction device 100 does not include the drift calculating part 102.

[0054]
<Second Exemplary Embodiment>
Next, a delivery device according to a second exemplary embodiment of the present
20 mvention will be described. The delivery device according to the second exemplary
embodiment is different from the communication throughput prediction device 100 according

to the first exemplary embodiment, in delivering content, and in determining an encoding rate



19 according to the first exemplary embodiment, respectively. The communication throughput
measuring part 201 measures communication throughput in transmission of data by the data
transmitting part 206 to be described later. [0058] 5Fhe rate controlling part 204 calculates
(determines) an encoding rate r* of data to be transmitted at future time t, based on drift p, calculated
by the drilf cetdeatingqdet 202d vasahce G2saloulstec fiyathe yariangerciletidting pars208iikormula
9, and Formula 10. In this exemplary embodiment, an encoding rate forms a control parameter used

for transiting glatr. UPBOTLUTR Peshecifig.he patgicontrolling part 204 calculates an encpding rate
r* that minimizes the value of an evaluation function j shown by Formula 10 under a constraint

condition B%E remaining reproduction time Tp(t) shown by Formula 9 is always settoa value Ia_rger
than O. [Formula 9] Tp=1'1(0)ro + /LT -- a&)-- 7)/ 15 [Formula 10] [0060] A remaining reproduction
time Tp [sec] is a time that content can be reproduced based 20 device is configured to, while
receiving data repedentingrdostehtafidivitie divars (device 20T bstistasamiheyistd)thacwedived data
into the storage device and reproduce the content based on the stored data.

5  to the second exemplary embodiment is a device that transmits (delivers) data representing
content. The delivery device 200 is an information processing device. The delivery device 200
includes a central processing unit (CPU) and a storage device (a memory and an HDD), which
are not shown in the drawings. The delivery device 200 is configured to realize a function to
be described later by the CPU’s execution of a program stored in the storage device.

10 [0056]
(Function)

Fig. 4 is a block diagram showing the function of the delivery device 200 configured
as described above. The function of the delivery device 200 includes a communication
throughput measuring part (a communication throughput acquiring means) 201, a drift

I5  calculating part 202, a variance caleulating part 203, a rate controlling part (a control
parameter determining means) 204, a content accumulating part 205, and a data transmitting
part 206. The drift calculating part 202 and the variance calculating part 203 configure a
function specification parameter estimating means,
[6057]

20 The communication throughput measuring part 201, the drift calculating part 202 and

the variance caleulating part 203 have the same functions as the communication throughput

measuring part 101, the drift calculating part 102 and the variance calculating part 103



[0061] 5Further, p [dimensionless] is a reproduction rate set in accordance with an instruction from a
user. A reproduction rate is a reproduction time of content reproduced per unit time. In other words, a
reproduction rate is a value obtained by dividing a cbfitent reproduction speed by a reproduction speed
corresponding to reproduction at equal speeds. Moreover, r [bps] denotes an encoding rate of data
transmittedt Byl the deliveyrdevicarp00y kDI04 ent, rSymbiokly déhotesnanooetficienttprevidysly set in
accordance with a target probability value that is the value of a probability to be the target. The details
of the cogfficien wilhkerdesauhaddateimMareqvrs ahNdiIRR AT Preselcasificients sespectively- The
details of the coefficient al and the coefficient a2 w described later. Moreover, r'v, denotes a value 15
e portt TO0RAE Per o8 I S R0 M oduetion of contont in & alent device f1om stopping 1 s
necessary to always maintain a state in which the remaining reproduction time T(t) is larger 20 than 0.
Therefor®)8$ Hescribed above the rate controlling part 204 calculates the encoding rate r* under a
constraint condition that the remaining reproduction time Tp( shown by Formula 9 is set to a value
largér than 0 at afhémes.cahit:[{0064 bhexta methiad-fqueerivingsFernoula@ e degaiingds be A
range of values that future communication throughput u can take diffuses in direct proportion to the

square roat tisof fimed as shayn, by the, probability density function f(y.t) 5(as shewn in Fig,,2). [0065]
Therefore, a lower bound v‘élue u,"’l(%% o?a target p%bbagﬁ@/t ?gr?a%%%n 1l(le%to %ﬁé‘ﬁ FS gﬁgwgr?%’y
Formula Il. The target probability range is a range of communication throughput, and is a range in

which a VAT GheaiREGHYSHBY AN TRRE H Sy e BAiAP fuhiction g Q tpnd Formula 10. In this

exemplary embodiment, an encoding rate forms a control parameter used for transmitting data.
[0059]

10 To be specific, the rate controlling part 204 calculates an encoding rate r* that
minimizes the value of an evaluation function J shown by Formula 10 under a constraint
condition that a remaining reproduction time Ty(t) shown by Formula 9 is always set to a value
larger than 0.

[Formula 9]
(1) = 1,{0) + / . ('U,U + pr — rm\/}) dr — pt
o

{Formula 10]

r
[ .
. 9
o= / {{2‘, i IE + ay (7"0“?:(_’. e 7') dif
40 r

{00060]
A remaining reproduction time T}, [sec] is a time that content can be reproduced based

20 on a part not reproduced vet of data stored in a storage device of a client device. A client



10 over the range is a target probability value. In other words, the target probability value is a
probability that actual communication throughput at future time t is equal to or more than the lower
bound value (t) of the target probability range. [Forrdla I1] ?luo + ii - on- 15[0066] In this exemplary
embodimeie targe probability value is set to 99.87%. In this case, the target probability range is a
range of dBascusdoniggifhé teforbilthe coefficidnt itdsrsentind.dmacalernwterddivectardgetipechiibility
value set to 84.13%, the target probability range is a range of-u+. Therefore, the coefficient a is set to |

in this case s20IA0R7) firther adifferential savationsadbadainainingLsomducionsimesigssed as
shown by Formula 12. 22 [Formula 12] [0068] By substituting the lower bound value ul"1 (t) of

the targe{gippcl)(p%lrhtxfigﬁge shown by 5Formula 11 for the communication throughput u in Formula 12,

and integrating bo € Sides in a range of time 0 to time t, Formula 9 is derived.

[0061]

5 Further, p [dimensionless] is a reproduction rate set in accordance with an instruction
from a user. A reproduction rate is a reproduction time of content reproduced per unit time. In
other words, a reproduction rate is a value obtained by dividing a content reproduction speed
by a reproduction speed corresponding to reproduction at equal speeds. Moreover, 1 [bps]
denotes an encoding rate of data transmitted by the delivery device 200,

10 [0062]

Symbol « denotes a coefficient previously set in accordance with a target probability
value that is the value of a probability to be the target. The details of the coefficient o will be
described later. Moreover, a; and a; are preset coefficients, respectively. The details of the
coefticient a; and the coefficient a, will be described later. Moreover, r,. denotes a value

15 obtained by averaging encoding rates of data transmitted by the delivery device 200 up to the
current time point.
[0063]

In order to prevent reproduction of content in a client device from stopping, it is

necessary to always maintain a state in which the remaining reproduction time Ty(1) is larger
20 than 0. Therefore, as described above, the rate controlling part 204 calculates the encoding rate
r* under a constraint condition that the remaining reproduction time Ty(t) shown by Formula 9

1s set to a value larger than 0 at all times.



[0069] Thus, Formula 9 is derived with the assumption that communication throughput is the lower
bound value of a target probability range. That is to say, the rate controlling part 204 10calculates the
encoding rate r* with the assumption that future corsrhunication throughput the lower bound value of a
target probability range. Therefore, it can be said that the rate controlling part 204 is configured to
calculatel8#Pdhcoding rate that is more fail-safe (i.e., a remaining reproduction time is hard to become
equal to or less than 0). [0070] ISNext, a method for deriving Formula 10 will be described. The
higher the encodingratenRfidatadsathe nigheh e rerrarctien.apality of content (the image quality of
content in a case where the content is a moving image) is. Moreover, change of the reproduction
quality of content,(flicker in the im ality of content in a case where the content is a movin

image) is more inhibited %@V&wﬁéﬁg%%gf%?‘é“éﬁ%l g & l(5,"0(1)}31(3}z‘%f 5%@%&&?(7‘5‘& ' é{’éﬁé‘ﬁfd@ E&HDecomes
smaller As a result, a content reprodygtion quality felt by the user increases. 23 [0071] That is to

say, it is PRORRJHOtD Beli5rERvHEd 89 detepiniiaethdsetiiuaibyn hmetidhnti Bty alsnsityalim efivaifauthat
becomes smaller as the encoding rate r becomes higher and that becomes smaller as change of the
encading athovhedofigs23maller. 5[0072] In this exemplary embodiment, a function obtained by
integrating the sums of the first term inversely proportional to the square of the encoding rate r and the
second tﬁ;g@,gljirectly proportional to the square of the difference between the average value rave and
the encoding rate r in a range from time O to time t is determined as the evaluation function J. |1 0[0073]
Both a proportionality coefficient al of the first term and a proportionality coefficient a2 of the second
term are positive VEIFELETALORYSE Rerhual e hIdE tHat [ramh anebaliliherareoemnd rebiaierigier. The
second term has a value that is smaller as change of the encoding rate r is smaller.

shown by Formula 11. The target probability range is a range of communication throughput,

and 1is a range in which a value obtained by integrating the probability density function f{u,t)
10 over the range is a target probability value. In other words, the target probability value is a
probability that actual communication throughput at future time t is equal to or more than the
lower bound value uine (1) of the target probability range.
{Formula t1]
wing(t) = ug + pt — oV
15 [0066]
In this exemplary embodiment, the target probability value is set to 99.87%. In this
case, the target probability range is a range of —3o<u<+w. Therefore, the coeflicient « is set to
3. In a case where the target probability value is set to 84.13%, the target probability range is a
range of —o<u<+o. Therefore, the coefficient a is set to 1 in this case.
20 [0067)
Further, a differential equation on the remaining reproduction time T}, 1s expressed as

shown by Formula 12.



15Thus, Formula IOis derived. [0074] The rate controlling part 204 recalculates the encoding rate
r* every time a preset update period passes. [0075] 20The content accumulating part 205 previously
stores (accumulates) data obtained by encoding oné<ontent (e.g., information representing a video
image or a speech) by a plurality of encoding rates different from each other. 24 [0076] The data
transmittifigrparta23g acquires data encoded by the latest encoding rate r calculated by the rate
controlling part 204 of the data stored by the content accumulating part 205, and transmits (delivers)
the acquire(il,.data to a client device connected so as to be capable 50f communicating with the delivery
device 200‘;[1@7__2] th this exemplary embodiment,case where data encoded by the encoding rate r*
calculated hyithe rate cc?ntrolling part 204 is not stored by the content accumulating part 205, the data
transmitting part 206 acquires data encoded by the largest encoding rate within a 10range not
exceeding the encoding rate r*. [0078] The data transmitting part 206 may be configured to, in
case theF%Oé'ﬁﬁa encoded by the encoding rate r* calculated by the rate controlling part 204 is not
stored by the content accumulating part 205, acquire data encoded by an encoding rate closest to the

encoding rate By substituting the lower bound value g (t) of the target probability range shown by

5  Formula 11 for the communication throughput u in Formula 12, and integrating both the sides
in a range of time 0 to time t, Formula 9 is derived.
[0069]
Thus, Formula 9 is derived with the assumption that communication throughput is the
lower bound value of a target probability range. That is to say, the rate controlling part 204
10 calculates the encoding rate r* with the assumption that future communication throughput is
the lower bound value of a target probability range. Therefore, it can be said that the rate
controlling part 204 is configured to calculate an encoding rate that is more fail-safe (i.e., a
remaining reproduction time is hard to become equal to or less than 0).
[0070]
15 Next, a method for deriving Formula 10 will be described.
The higher the encoding rate of data is, the higher the reproduction quality of content
(the image quality of content in a case where the content is a moving image) is. Moreover,
change of the reproduction quality of content (flicker in the image quality of content in a case
where the content is a moving image) is more inhibited as change of the encoding rate of data
20 received by a client device becomes smaller. As a result, a content reproduction quality felt by

the user increases.



IS [0079] As described above, the delivery device 200 according to the second exemplary
embodiment of the present invention can determine an encoding rate with high accuracy based on a
probability density function specified with an estimatet! function specification parameter. 20[0080]
Further, the delivery dev ce 200 according to the second exemplary embodiment of 25
throughplélowkr bound value of a target probability range. [0081 ] According to this it is possible
to sufficiently increase a probability that data is transmitted with communication throughput that is high

enough for a deteymineeh RBCANIRIHAIERAS B BrUlLLdS PaSRIbIgosUHicianily fecieass aqrabability

that, when the delivery device 200 (a server device) delivers data representing content to a client

device by streaming, the reproduction gyality of the content in the client device becomes excessively
low. (00831 * ‘L ERy AmG Rt g e < @&%&éﬁfﬁﬁﬁw RO R R

10configured to determine an encoding rate as a control parameter, but may be configured to
determin®@ e beitfoisaesmbtbe saseditharniam bacodingnztBef0083] Further, the delivery device
200 according to the second exemplary y embodiment is configured to determine a control parameter
withghe ggsumption that communication 15 throughput is the lower bound value of a target probability
range, but may be configured to determine a control parameter with the assumption that

communication i ougRRULISIERS SRBSHRHNG YAIRS! S IRret roRARIN.PRAS 9% the firs
term inversely proportional to the square of the encoding rate r and the second term directly
proportional to the square of the difference between the average value r,,. and the encoding
rate r in a range from time 0 to time t is determined as the evaluation function J,
10 [0073]

Both a proportionality coefficient a; of the first term and a proportionality coefficient
ay of the second term are positive values. The first term has a value that is smaller as the
encoding rate r is higher. The second term has a value that is smaller as change of the encoding
rate r is smaller.

15 Thus, Formula 10 is derived.
[0074]

The rate controlling part 204 recalculates the encoding rate r* every time a preset

update period passes.
[0075]

20 The content accumulating part 205 previously stores (accumulates) data obtained by
encoding one content {e.g., information representing a video image or a speech) by a plurality

of encoding rates different from each other.



20<Third Exemplary Embodiment> Next, a delivery system according to a third exemplary
embodiment of the present invention will be described.. The delivery system according to the third
exemplary embodiment 26 is different from the deli¥&ry device 200 according to the second
exemplary embodiment, in that a client device determines an encoding rate. Therefore, a description
will be lad¥Below focusing on the different point [0085] 5As shown in Fig. 5, a delivery system |
according to the third exemplary embodiment includes a client device 300 that reproduces content and

a server device 490 thak d@ih&ﬁaﬁiﬁg%@pﬁ%emm@BE@&IT@J&B@&'i62%%%&39&@@Qagﬁﬁdﬁefvef
device 400 are connected so as to be capable of communicating with each other via a communication

networké%lthllcgc gmglary emb | ent an#P }%rne&dﬁrotoc I ne Work 0086(§|1 . The client

. A
device 3 enver e‘i}-i'%:er() P Oy Ate0 procégglng Ql?c‘é(él %éép VSN B PEP Bitent

device 300 and the server device 400 each include a central processing unit (CPU) and a storage
device (& Remidry 41 #h (EID§ whherraasirst dawnars ire dexinngenmstsd obthetelientaralibe 300
and the server device 400 is configured to realize a 1Sfunction to be described later by the CPU's
executionfafoan progranngtoerigd i iheistoyage idevige. [0087] (Function) Fig. 5is a block
diagram showing a function of the delivery system | configured as 20described above. The
function gf¢he client dcvice 300 includes a data receiving part 301, a content reproducing part 302, a
communication throughput measuring part (a communication

In this exemplary embodiment, in a case where data encoded by the encoding rate r*
calculated by the rate controlling part 204 is not stored by the content accumulating part 205,
the data transmitting part 206 acquires data encoded by the largest encoding rate within a

10 range not exceeding the encoding rate r*.
[0O78]

The data transmitting part 206 may be configured to, in a case where data encoded by
the encoding rate r* calculated by the rate controlling part 204 is not stored by the content
accumulating part 205, acquire data encoded by an encoding rate closest to the encoding rate

15 k.
[0079]

As described above, the delivery device 200 according to the second exemplary
embodiment of the present invention can determine an encoding rate with high accuracy based
on a probability density function specified with an estimated function specification parameter.

20 [0080]
Further, the delivery device 200 according to the second exemplary embodiment of

the present invention determines a control parameter with the assumption that communication



27 throughput acquiring means) 303, a drift calculating part 304, a variance calculating part 305, and
a rate controlling part (a control parameter determining means) 306. The drift calculat part 304 and the
variance calculating part 305 configure a function sﬁécification parameter estimating means. 5[0088]
While receiving data that represents content and that is transmitted (delivered) by the server device
400, the s geeaivirnbpar 80108 skes! tiser fadeivetindabatiflity the storage device of the client device
300. [0089] | 0The content reproducing part 302 reproduces content based on the data stored by the
storage dleviag. In this exemplary embodiment, the content reproducing part 302 reproduces content
via a display and a speaker, which serve as output devices. [00901 The communication

throughput meas/y[iq)gdqq t 303,;the drift calculating Rart 304 and 15the varign ?Pa}l I tlg?q part 305
corditig” 107 THis, it 1s ppssiBle icient : ' : 2
have the same functions as the communRication throughput measuring Sa‘?{(?ellb‘%e}f c%ll}{ci%l iig'part 102
and the variance calculating part 103 according to the first exemplary embodiment, respectively. The
communiFAEH ot hptRTATREYGRRR phresa P chet s hégimrRanedativnarie eanrimadisreediston of
data by the data receiving part 301. 20[0091 ] The rate controlling part 306 has the s' function as the
rate Tontrolingant<@0i, it is possible to sufficiently decrease a probability that, when the delivery
device 200 (a server device) delivers data representing content to a client device by streaming,
the reproduction quality of the content in the client device becomes excessively low.
[0082]
The delivery device 200 according to the second exemplary embodiment is
10 configured to determine an encoding rate as a control parameter, but may be configured to
determine a control parameter other than an encoding rate.
[0083]
Further, the delivery device 200 according to the second exemplary embodiment is
configured to determine a control parameter with the assumption that communication
15 throughput is the lower bound value of a target probability range, but may be configured to

determine a control parameter with the assumption that communication throughput is the

upper bound value of a target probability range.

[0084]
20 <Third Exemplary Embodiment>
Next, a delivery system according to a third exemplary embodiment of the present

invention will be described. The delivery system according to the third exemplary embodiment



28 transmits the calculated encoding rate r* to the server device 400. [0092] The function of the
server device 400 includes a content accumulating part 401, and a data transmitting part 402. The
content accumulating part 401 has the same functiotfas the 5content accumulating part 205 according
to the second exemplary embodiment. [0093] The data transmitting part 402 receives an encoding
rate transiritiéel by theciibatddbvice 800¢TREWatacrdingnhittihg sarndOXaoglirgsaédtalencoded by the
received latest encoding rate r* of the data stored by the content accumulating part 401, and transmits
the 10acguirad-Hata devioe ehenhsdanica 30QdN%M1e. ThéRbis examplaiAMEadinsHadvaisase

where data encoded by the received encoding rate r* is not stored by the content accumulating part
401, the tfransmitting.part.402 acquires data encoded by the argest encoding rate within a range
not excegﬁ%ﬁ e 1 gn%%igfﬁat%fgl?*.q[m%] As described above, the delivery system 1 according
to the third exemplary embodiment of the present invention can produce actions and effects
compara[ﬂ@gt%} those of the delivery device 200 according to the second exemplary embodiment. 20
10096] <Fourth Exemplary Embodimet

5 As shown in Fig. 5, a delivery system | according to the third exemplary embodiment

includes a client device 300 that reproduces content, and a server device 400 that delivers data
representing content. The client device 300 and the server device 400 are connected so as to be
capable of communicating with each other via a communication network (in this exemplary
embodiment, an IP (Internet Protocol) network)).

10 [o086]

The client device 300 and the server device 400 are information processing devices,
respectively. The client device 300 and the server device 400 each include a central processing
unit (CPU) and a storage device (a memory and an HDD), which are not shown in the
drawings. Each of the client device 300 and the server device 400 is configured to realize a

15 function to be described later by the CPU’s exceution of a program stored in the storage
device.
[0087]
{Function)
Fig. 5 is a block diagram showing a function of the delivery system 1 configured as
20 described above.
The function of the client device 300 includes a data receiving part 301, a content

reproducing part 302, a communication throughput measuring part (a communication



29 Next, a communication throughput prediction device according to a fourth exemplary
embodiment of the present invention will be described. The communication throughput prediction
device according to the fourth exemplary embodiment is different from the communication throughput
prediction device 100 according to the first exemplary 5 embodiment, in using a probability density
function HerivelePitedueriassuipiod that dodwrisidatiion ithrotiythpurchangesisolasiy petffif
geometric Brownian motion. Therefore, a description will be made below theusing on the different

point. [00d]AsshewRdNifitpft gacommpsatiandvierahpuhprediclion devier 3@ isAlulating
10information processing device havmg a configuration similar to that of the communication

throughp iction.device 100 a th {ll ste em ary embodimen 0098] (Functlon) 6isa
block dla}gram ngdlﬂ;ltgwa"fﬁiﬁ%lﬁ(bt’n(’él La'{ico ""Hllc%a : (’?fo R Ul S S Pe RS th HRB BT Lhfigured

as described above. The function of the communication throughput prediction device 500 includes a
communfeStBHREdtEHSut measuring part (a communication throughput acquiring means) 501, a
function specification parameter estimating part (a function specification parameter estimating means)
502 S5and @88immunication throughput predicting part (a communication status estimating means) 503.
20[0099] The communication throughput measuring part 501 has the same function as the

gngunication torRHE DR MGASAINGR AL AQL ACERRURO. IR IR IS L X MRl LN P SO [O !

server device 400, the data receiving part 301 stores the received data into the storage device
of the client device 300.
0089}
i0 The content reproducing part 302 reproduces content based on the data stored by the
storage device. In this exemplary embodiment, the content reproducing part 302 reproduces
content via a display and a speaker, which serve as output devices.
[0090]
The communication throughput measuring part 303, the drift calculating part 304 and
IS5 the variance calculating part 305 have the same functions as the communication throughput
measurmg part 101, the drift calculating part 102 and the variance calculating part 103
according to the first exemplary embodiment, respectively. The communication throughput
measuring part 303 measures communication throughput in reception of data by the data
receiving part 301,
200 10091]
The rate controlling part 306 has the same function as the rate controlling part 204

according to the second exemplary embodiment. Besides, the rate controlling part 306



The function specification parameter estimating part 502 estimates a function specification parameter
for specifying a probability density function with future communication throughput as a random
variable,based on communication throughput u 5me#sured by the communication throughput
measuring part 501. [0101] In this exemplary embodiment,the communication throughput
predictiotraisvide BG0:tisekaprobadbitigyraensity fanstiorfet)aetited with the assumption that
communication throughput performs geometric Brownian motion, as shown by Formula 13.
10[Formydmdd] [0102 A first parameter K is also referred to as "percentage drift." The first
parameter K represents the average of increase ratios with respect to communication throughput u at

15current time. AA econ ar eter O is also referred to as ' ercentage volatlllty " The first parameter
K and the secon iRl i 1u f? ‘ﬁ'%%é@l{ Bﬁtll%(rjttfaﬁr%rﬂ%fgrgu[ﬁ yEyne p‘“‘l"g e Upekific, the

paranie &r or
function specification parameter estlmatlng part 502 calculates converted communication throughput u'
based onl#ariiamuing deEbrivdurdibation tnomstput 2O stie disy e somrfiunidatiors thoughput
measuring part 501. [Formula 14] 31

5  content accumulating part 205 according to the second exemplary embodiment.

[0093]

The data transmitting part 402 receives an encoding rate transmitted by the client
device 300. The data transmitting part 402 acquires data encoded by the received latest
encoding rate r* of the data stored by the content accumulating part 401, and transmits the

10 acquired data to the client device 300,
[0094]

In this exemplary embodiment, in a case where data encoded by the received
encoding rate r* is not stored by the content accumulating part 401, the data transmitting part
402 acquires data encoded by the largest encoding rate within a range not exceeding the

i5  encoding rate r*
10095]

As described above, the delivery system 1 according to the third exemplary
embodiment of the present invention can produce actions and effects comparable to those of
the delivery device 200 according to the second exemplary embodiment.

20
[0096]

<Fourth Exemplary Embodiment>



0 =log [0104] Then, the function specification parameter estimating part 502 substitutes the
calculated converted communication throughput u' for the communication throughput u in 5Formula 3,
thereby calculating drift p with respect to the converfédd communication throughput [0105]
Furthermore, [lie function specification parameter estimating cart 502 substitutes the calculated
converted commiipidatiomthmonghput uhfonghewgmivhisation thrgughiup toin kQFdrexdadiathereby
calculating variance u2 with respect to the converted communication throughput u'. [0106] Then,

the functign,spasifigationiRaramelsr @%@mﬁ#ngvra@rkéQ?e&%lelﬁt%_@%amﬁ}&ﬁacmmirﬁ';m@g;&tef ic

and the second parameter 0 based on the calculated drift p, the calculated 15variance G2, Formula

[ ' i [ med Formula 15 and Formula 16).
15 ad Foir*m %tgo%ﬁéé\%&eb%ggy l;]r JSI?Lg]utllEgn?o?Hi1eg>l(1cg'1t‘1lgﬂs§;051nbod?r¥ent 18 Lﬁi’%@i‘@nt from tl]Jle )
[Formulap -=p,

communication throughput prediction device 100 according to the first exemplary
5 embodiment, in using a probability density function derived with the assumption that
communication throughput changes so as to perform geometric Brownian motion. Therefore, a
description will be made below focusing on the different point.
[0097]
As shown in Fig. 6, a communication throughput prediction device 500 is an
10 information processing device having a configuration similar to that of the communication
throughput prediction device 100 according to the first exemplary embodiment.
[0098]
{Function)
Fig. 6 is a block diagram showing a function of a communication throughput
I5  prediction device 500 configured as described above. The function of the communication
throughput prediction device 500 includes & communication throughput measuring part (a
communication throughput acquiring means) 501, a function specification parameter
estimating part (a function specification parameter estimating means) 502, and a
communication throughput predicting part (a communication status estimating means) 503.
20 [0099]
The communication throughput measuring part 501 has the same function as the

communication throughput measuring part 101 according to the first exemplary embodiment.



ula 16] O=u 32 [0107] The communication throughput predicting part 503 calculates a probability
that actual communication throughput at future time t is within a target range, based on the first
parameter K and second parameter 0 calculated by-tfe function specification parameter 5estimating
part 502, and the probability density function f(u,t) shown by Formula 13. [0108] The
communigatioh throughput predicting part 503 may be configured to calculate the upper bound value
and lower bound value of a target probability range at future timc t. Moreover, the communication
throughput predigtiag atkeA3 Pavshasaniigingd-tor estimaled 10time seauiigd At trangmisgign of
data to be completed, based on at least one of the calculated upper bound value and lower bound
value of the target probability range. [0109]. . Furthe tl? . communication throughput predicting pail
503 maySBQé"}:%%\flié) uredf 1odllélsé%ierlnat%}énihes %fﬁoﬂ'r'?fgof‘aapgtf%% "(?:lgﬁ b c’tlrsélr"/sm%i't’fé“d‘m} ag‘bvgdijlodié{f‘ﬁf’ after
the first time point, 15based on at least one of the calculated upper bound value and lower bound
value of &CtaRyEtisAEBAbINTYvaNYE. fo1a Opndom vt ethagesmaTukizatiomigridbey Kputyerlitting part
503 may be configured to calculate an average value (an expected value) E [u(t)] of communication
throfighpuitatuiigtlbg the communication throughput measuring part 501,

[0101]

In this exemplary embodiment, the communication throughput prediction device 500
uses a probability density function f(u,t) derived with the assumption that communication
throughput performs geometric Brownian motion, as shown by Formula 13.

10 [Formula 13]

, 1 1 U (2 -
: 2 Y = ————— exr e e log ~ — E—
S, t) Norwrr exp 503 ( og , (h 5 ) >

[0102]
A first parameter k is also referred to as “percentage drift.” The first parameter x
represents the average of increase ratios with respect to communication throughput u at
15 current time. A second parameter 0 is also referred to as “percentage volatility.”” The first
parameter K and the second parameter 8 form function specification parameters.
[0103]
To be specific, the function specification parameter estimating part 502 calculates
converted communication throughput u’ based on Formula 14 and communication throughput

20 umeasured by the communication throughput measuring part 501.

[Formula 14}



20time t, based on the first parameter ic calculated by the function specification parameter estimating
part 502, and Formula 17. [Formula 17] [0111] Further, the communication throughput predicting
part 503 may be configured to calculate a standard Heviation V [u(t)] of communication throughput at
future time t, based on 5the first parameter K and the second parameter O calculated by the function
specification, parameter estimating part 50, and Formula 18. [Formula 18] V [u(i) 2 =- 0 ex (2K,_1) exp
(021) [011Z] Fﬁ’HGﬁca"Ijbe said that the communication throughput predicting part 503 stochastically
predicts communicatidh throughput u at future time , based on the first parameter ic and second
parameter O calculated by the function specification parameter estimating part 502 and the probability
density fHﬁqﬂﬂn (u,t) shown by Formula 13. [0113]

Then, the function specification parameter estimating part 502 substitutes the
calculated converted communication throughput u for the communication throughput u in
5  Formula 3, thereby calculating drift p with respect to the converted communication throughput
u.
[0105]
Furthermore, the function specification parameter estimating part 502 substitutes the
calculated converted communication throughput u’ for the communication throughput u in
10 Formula 4, thereby calculating variance o with respect to the converted communication
throughput u’.
[0106]
Then, the function specification parameter estimating part 502 calculates (estimates)
the first parameter k and the second parameter 6 based on the calculated drift p, the calculated
15 variance ¢°, Formula 15, and Formula 16 (i.e., by solving simultaneous equations formed by
Formula 15 and Formula 16).

[Formula 5]

92
Ko— =

2
[Formula 16}

B = ¢
20



15Herein, a method for deriving Formula 13 will be described. As described above, Formula 13 is
derived with the assumption that communication throughput changes so as to perform geometric
Brownian motion. Theretbre, a stochastic differentiaf @quation with respect to communication
throughput u is expressed as shown by Formula 19; [Formula 19] du = du di + On 20 where Wt
denotes tA&\Aliener process. 34 [0114] By solving Formula 19, Formula 20 representing
communication throughput u is derived. Moreover, Formula 13 representing a probability density

function with futurg cammumnication tauahRub@SEERGOFD YaHRAIGS abiaipadiRased: aagrmula
20. 5[Formula 20:J un ex]) [0115] As described above, the communication throughput prediction

device 500 according to }he f urth e%<eim[glar¥ embodlmenlt of the(\ ?resent |nv ntion can l[l)rO(H

COl "n nicatron throu 1s withun a rap )a‘;e On
actions an Ctsi compa’i’ Hl tO those 0] { e communlcatlon roug u’t prediction eV|ce 100

according to the
parameter k and second parameter 0 calculated by the function specification parameter

5  estimating part 502, and the probability density function f(u,t) shown by Formula 13.
[0108]
The communication throughput predicting part 503 may be configured to calculate
the upper bound value and lower bound value of a target probability range at future time t.
Moreover, the communication throughput predicting part 503 may be configured to estimate a
10 time required for transmission of data to be completed, based on at least one of the calculated
upper bound value and lower bound value of the target probability range.
[0109]
Further, the communication throughput predicting part 503 may be configured to
estimate the amount of data that can be transmitted in a period at or after the first time point,
IS based on at least one of the calculated upper bound value and lower bound value of a target
probability range.
[0110]
Further, the communication throughput predicting part 503 may be configured to
calculate an average value (an expected value) E [u{t)] of communication throughput at future
20 time t, based on the first parameter x calculated by the function specification parameter
estimating part 502, and Formula 17.

[Formuia 17}



first exemplary embodiment. [0116] The delivery device 200 according to the second exemplary
embodiment and the delivery system 1 according to the third exemplary embodiment may be each
configured to 15use a probability density function derived with the assumption that communication
throughput changes so as to perform geometric Brownian motion. [0117] <Fifth Exemplary
Embodime@%@@]}l}egg, @3k mgr estimation dcvicc according to a fifth exemplary embodiment of the

present invention will be described referring to Fig. 7. 35 A parameter estimation device 600
according to the fifih exemplary embodiment includes: a communication throughput acquiring
part (a coididnication throughput acquiring means) 601 for acquiring communication throughput,
which is the amount of data transmitted 5per unite; and a function specification parameter

estimating part (fungtomsSResifisationRarameien setimating mepns) /A2 forestinaling adynstion

specification parameter for specifying a probability density function with future communication
throughput, as a random varjable, b ) the acquired communication throughput. 10[0118]
Accordin(gd[&‘éus%ﬁ?gﬁts%n%gzi%é”tlctf%%tln&@léﬂ%ﬁ)ﬁlﬂﬂwgﬂ@ﬁ}?ﬁr ﬁ&%%u}%ﬁh%&% ety 54<Et on a
probability density function specified with an estimated function specification parameter. Moreover, it is
alsopos8isldits! derantitee sofrebltharsavetdrsuetidstah erlcobiteg ratetbyitivhighvacmesifisased on a
probability density function specified with an

parameter estimating part 50, and Formula 18.

[Formula 18]
V [u(t)] = ud exp (2xt) {exp (F)?‘[,) ~1}

[0112]

10 Thus, it can be said that the communication throughput predicting part 503
stochastically predicts communication throughput u at future time t, based on the first
parameter x and second parameter 6 calculated by the function specification parameter
estimating part 502 and the probability density function f{u,t) shown by Formula 13.

[0113]

15 Herein, a method for deriving Formula 13 will be described. As described above,
Formula 13 is derived with the assumption that communication throughput changes so as to
perform geometric Brownian motion. Therefore, a stochastic differential equation with respect
to communication throughput u is expressed as shown by Formula 19;

{Formula 19}

du = du - dl + Bu - dW,
20

where Wt denotes the Wiener process.



15estimated function specification parameter. [0 <Sixth Exemplary Embodimei Next, a delivery system
according to a sixth exemplary embodiment of the present 20 invention will be described. The delivery
system according to the sixth exemplary embodimefitis different from the delivery device 200
according to the second exemplary embodiment,in determining a stoppage time based on a function
specificatibr Parameter. 36 Herein, a stoppage time is a time o stop transmission of data representing
content. Therefore, description will be made below focusing on the different point. [0120] Ina
case where the ysersefvangigi-laucestopsiap atustingseh6RRIephWIHE-a RRIMRIARNIEEt S is
transmitting data representing the content to the client device by streaming, an unreprodueed part of
the data alre received by the client device will.not be used..That.is to say, this part.js data
wastefull@ét{%%%ymﬁgg%?rvobrlﬁ t %rglé“lrll\‘}erfdye{'“ﬁgleefctint%%gclfer]ftm efgf%:]}et TSR ?*%Qﬁ%ﬁafvétﬁchav%%lgtefully
transmitted data meaninglessly increases communication load. [0121] 10Then, in the delivery system
according B THE SRR B RERSRIY ehiB ddinde tie sdls/sradsure dnsed arkosmdlrefbatedly executes a
transmission process of transmitting data representing content to the client device and a stoppage
process fistoppingtransmission of the data for a predetermined stoppage time. At this moment, the
server device determines a stoppage time so as to make a remaining reproduction time close to a
target remaining 15reproduction ti.jne. [01223 Herein, a remaining reproduction time is a time that
the client d&v_igq!%a}qci‘ r q_‘uq(_e €on ep'gép ed bn an unreproduced part of data received by the client
device. Moreover, a tardet remaiging reproduttion time is a target value of a remaining reproduction
time. 20Thus, it is possible to avoid wastefully transmitting much data from the server device

[0115]
As described above, the communication throughput prediction device 500 according
to the fourth exemplary embodiment of the present invention can produce actions and effects
10 comparable to those of the communication throughput prediction device 100 according to the
first exemplary embodiment.
[0116]
The delivery device 200 according to the second exemplary embodiment and the
delivery system 1 according to the third exemplary embodiment may be cach configured to
[5  use a probability density function derived with the assumption that communication throughput

changes so as to perform geometric Brownian motion.

[0117]
<Fifth Exemplary Embodiment>
20 Next, a parameter estimation device according to a fifth exemplary embodiment of

the present invention will be described referring to Fig. 7.



to the client device. [0123] 37 To be specific, as shown in Fig. 8, a delivery system 2 according to
the sixth exemplary embodiment includes a client device 700 that reproduces content, and a server
device (a parameter estimation device) 800 that del#/ers data representing content. The client device
700 and the server device 800 are connected so as to be capable of communicating with 5each other
via a communicatioparetwierk (itiithiscexdmplary @inbodintiagt tanip (fitemenfiotocat) netinonk). [0124]
The client device 700 and the server device 800 are information processing devices respectively. The
client devigg, 400 and the server device 800 each include a central processing 10 unit (CPU) and a
storage device (a memory and an HDD), which are not shown in the drawings. The client device 700

and the server deV|ce 800 are each con ured to realize a function to be def,crlb d later by the CPU's
RSP B T B et ok Sttty rou g B Bagram

execution of a program store
showing a function of the delivery system 2 configured as described above. The function of the
client deeanpOOGh diticresi idagacraeaivivien part oM ch buffehpdris7 02, ameatcditetnt trepsodieing part
703. 20[0126] While receiving data that represents content and that is transmitted (delivered) by
the Serveredanice:800athe data receiving part 701 stores the received data into the buffer part 702.

a function specification parameter estimating part (a function specification parameter
estimating means) 602 for estimating a function specification parameter for specifying a
probability density function with future communication throughput as a random variable,
based on the acquired communication throughput.

10 [0118]

According to this, it is possible to estimate communication throughput with high
accuracy based on a probability density function specified with an estimated function
specification parameter. Moreover, it is also possible to determine a control parameter such as
an encoding rate with high accuracy based on a probability density function specified with an

15 estimated function specification parameter.

[0119]
<Sixth Exemplary Embodiment>
Next, a delivery system according to a sixth exemplary embodiment of the present
20 invention will be described. The delivery system according to the sixth exemplary
embaodiment is different from the delivery device 200 according to the second exemplary

embodiment, in determining a stoppage time based on a function specification parameter.



38 [0127] Based on the data stored in the buffer part 702, the content reproducing part 703
reproduces content represented by the data. In this exemplary embodiment, the content reproducing
part 703 reproduces content via a display and a spedker that serve as output 5devices. [0128]

The function of the server device 800 includes a communication throughput measuring part (a
communidetion theoughpet s Uirkndpmdans) 804 endwiboald ulatingpesti802; eovanantbaalowating
part 803, a stoppage time determining part (a control parameter 10 determiningmeans) 804, a content

accumulating PRt BPRiRBE A ARIBAKADIOULING PAT G TR G ealculating part 802 and the variance
calculating part 803 configure a function specification parameter estimating means. The content

accumuljﬁi art 805 has the same function as the content accumulating part 205 according to the
second exemplary embodiment. 101291 ISThe communication throughput measuring part 801, the
drift calculating part 802 and the variance calculating part 803 have the same functions as the
communication tHtéughptitwisaBenae par domn! dey igeifstoniowienidg gt 200a thdiitaramrceer
calculating part 103 according to the first exemplary embodiment, respectively. The communication

throsghpidvieeasuring SOlinaeasurespeaimunieatontheauabpyt iR teapsvission,okdalahy.the,data
20transmitting part 806 to be described later. 101301 39 based on drift 1.1 calculated by the drift

calculating,art §02. Apdvarancs, A%, calchiated by e yarignce caleulating,part 803, Inhis exemplary
embodiment, a stoppage time forms a coritro paramgter used fbr transmitting da a.dl‘he aebﬁ%d
function of the stoppage time determining part 804 will be descrthed later. 5[0131] The data transit™g
part 806 E¥etHARH AhAHa Sl L VartREE ol trona e SioHcp deass it harbpri Ry e kebtéd by the
content accumulating part 805 to the client device 700 by streaming, and a stoppage process of
stoppingatfamstmis sioth ofatieldayaforsa stop dagetime iddtesiminec:bycthe stapprgadimeadetermining
part 804.

[0121]

10 Then, in the delivery system according to the sixth exemplary embodiment, the server
device alternately and repeatedly executes a transmission process of transmitting data
representing content to the client device and a stoppage process of stopping transmission of
the data for a predetermined stoppage time. At this moment, the server device determines a
stoppage time so as to make a remaining reproduction time close to a target remaining

15 reproduction time.

[0122]

Herein, a remaining reproduction time is a time that the client device can reproduce
content based on an unreproduced part of data received by the client device. Moreover, a
target remaining reproduction time is a target value of a remaining reproduction time.

20 Thus, it is possible to avoid wastefully transmitting much data from the server device
to the client device.

[0123]



10[0132] The data transmitting part 806 transmits a preset data amount of data in one
transmission process. That is to say, data transmitted by the data transmitting part 806 in one
transmission process is one of a plurality of partial data generated by dividing data representing
content by the data amount. IS[0133] Herein, the detailed function of the stoppage time
determining part Bodwitpoei dasesilrdevEveryfimetthe datartransmittimgZpact 8QiGngnos eheecirion of a
transmission process, the stoppage time determining part 804 detennines a stoppage time in a

stoppageiReRss Zaexanuiest hydhadaadianswulting past 896 Asxiqat & imaaRintRf anding.

execution of the transmission process. [0134] 40 Next, the outline of a method for determining a
stoppagedtime jill be de stoppage

evice arame?e%riebs%gﬁation TQ\?'CS#: %851 9% Prﬂg\q ete; ining Ea-‘rttSOrAf determings ¢
time S0 as 16 Ak & remaining FeproditiSh time HoSe to°E SAA SERAFSL P SQRiFR rd BottiGtion time,
within a range that the remaining reproduction time is kept equal to or more than the target remaining
Sreprod HEIBFELHAR A[shts servendisiang, 80 Parrasnirtprigdraprsdadtomprhie iel zeimeunaciimelieith device
700 can reproduce content based on an unreproduced part of data stored in the buffer part 702 of the
clierit devie 7Q0eti. eia dateonaneived oy therekeht@evige ¢Qoheyeavdbdditkrgetrerainignet
10reproduction time is a target value (e.g., 10 seconds, 30 seconds, etc.) of a remaining
Protocol) network).
[0124]
The client device 700 and the server device 800 are information processing devices
respectively. The client device 700 and the server device 800 each include a central processing
10 unit (CPU) and a storage device (a memory and an HDD), which are not shown in the
drawings. The client device 700 and the server device 800 are each configured to realize a
function to be described later by the CPU’s execution of a program stored by the storage
device.
[0125]
15 (Function)
Fig. 8 is a block diagram showing a function of the delivery system 2 configured as
described above.
The function of the client device 700 includes a data receiving part 701, a buffer part
702, and a content reproducing part 703.
20 [0126]

While receiving data that represents content and that is transmitted {delivered) by the

server device 800, the data receiving part 701 stores the received data into the buffer part 702.



reproduction time. [0136] In this exemplary embodiment, the stoppage time determining part 804
determines a stoppage time with the assumption that future communication throughput is the lower
bound ISvalue of a target probability range. [0137] Néxt, the details of the stoppage time determining
method will be described. Herein, a case where data representing content is divided into n partial
data (segfiénts) vi (i = 1, 2,n) will be assumed. Let the data size (data amount) of each partial 20data
vi be s. Moreover, let a reproduction time be t, which is a timc that content can be reproduced based

on each partial dgéiged. (182 dhda stored GAIRNATE; pha HINE pRINtdhRLhR dlata.tiapspaittingpart 806
ends execution of a transmission process of transmitting i-I'h partial data vim the stoppage time

determining, iyt 804 (eienines.a slappage fime a1, in  sloppads, process guecuted mmediately

before a transmission process of transmitting th partial data vi w assumed. A 'time poin
Sdata transmitting part 806 ends execution of the transmission process of transmitting the 1-1111 al
data vi.. 15Redv¢i8 Net3d]3 reppfdcenebiphage andisaieeanthingisakeschderminine somimether
Formula 21 holds or not. When Formula 21 holds, it is possible to complete transmission of the ith
parthal ddtaivies.

[0128]

The function of the server device 800 includes a communication throughput

measuring part (a communication throughput acquiring means) 801, a drift calculating part

802, a variance calculating part 803, a stoppage time determining part (a contro] parameter

10 determining means) 804, a content accumulating part 805, and a data transmitting part 806,
The drift calculating part 802 and the variance calculating part 803 configure a function
specification parameter estimating means. The content accumulating part 805 has the same
function as the content accumulating part 205 according to the second exemplary embodiment.
10129]

15 The communication throughput measuring part 801, the drift calculating part 802 and
the variance calculating part 803 have the same functions as the communication throughput
measuring part 101, the drift calculating part 102 and the variance calculating part 103
according to the first exemplary embodiment, respectively. The communication throughput
measuring part 801 measures communication throughput in transmission of data by the data

20 fransmitting part 806 to be described later.

[0130]

The stoppage time determining part 804 calculates (determines) a stoppage time



10 in a period within a range of the time point t from O (a current time point) to a transmission ending
upper bound time point Ts"1, (i.e., a period from the current time point to a time point the transmission
ending upper bound time point Tsui, later). [Formul&21] 15[0140] A transmission ending upper
bound lime point Tsui, is expressed by Formula 22, where a communication throughput boundary time
point t. ishastthenpdiit thatlaubwesr inotindvalueivdDI0) © par taupdobabitity kengacofcedbyuhication
throughput becomes 0, and an estimation accuracy upper bound time point | is an upper bound time

point that, higaasewrae) AfR0estim@Eion gt;s:@mwtgiga@mmfma%dﬁfsgé fglptively Digh, iR

estimation accuracy upper bound time point | is a preset value. It is preferred that the estimation
' ' Yyithin a [gn e from ten seconds to tens of

accuracy upper, 42 bound time pojnt 1 js set.to g valu ) € ‘ <
a3 A S s L DR S0 R 3 R, £ Bt

seconds. [Formu mmunication
by solving Formula 23 representing that the lower hound value uinat) of the target probability range is
equal to DMFSHIH bsprwtbrddata0142] In a case where drift p. calculated by the drift
calculating part 802 is 0, Formula 24 is derived from Formula 23. Therefore, the stoppage time
detefniiifog Jigrt 804 calculates the communication throughput boundary time point L based on
Formula 25.

The data transmitting part 806 alternately and repeatedly executes a transmission
process of transmitting data stored by the content accumulating part 805 to the client device
700 by streaming, and a stoppage process of stopping transmission of the data for a stoppage
time determined by the stoppage time determining part 804.

10 [0132]

The data transmitting part 806 ftransmits a preset data amount of data in one
transmission process. That is to say, data transmitted by the data transmitting part 806 in one
transmission process is one of a plurality of partial data generated by dividing data
representing content by the data amount.

15 [0133]

Herein, the detailed function of the stoppage time determining part 804 will be
described.

Every time the data transmitting part 806 ends execution of a transmission process,
the stoppage time determining part 804 determines a stoppage time in a stoppage process

20 executed by the data transmitting part 806 next, at a time point of ending execution of the
transmission process.

[0134]



[Formula 24] 0,20_217,42)0 15 [Formula 25] (72 0\ 2 k flu ) [0143] In a case he e drift p calculated by
the drift calculating part 802 is not 0, Formula 26 43 ttis derived from Formula 26. [Formula 26] 02
[Formula 27] 40

Next, the outline of a method for determining a stoppage time will be described.

The stoppage time determining part 804 determines a stoppage time so as to make a
remaining reproduction time close to a preset target remaining reproduction time, within a
range that the remaining reproduction time is kept equal to or more than the target remaining

5  reproduction time.
[0135]

Herein, a remaining reproduction time is a time that the client device 700 can
reproduce content based on an unreproduced part of data stored in the butfer part 702 of the
client device 700 (i.e., data received by the client device 700). Moreover, a target remaining

10 reproduction time is a target value (e.g., 10 seconds, 30 seconds, etc.) of a remaining
reproduction time.
[0136]

In this exemplary embodiment, the stoppage time determining part 804 determines a

stoppage time with the assumption that future communication throughput is the lower bound
15 value of a target probability range.
[0137]

Next, the details of the stoppage time determining method will be described.

Herein, a case where data representing content is divided into n partial data
(segments) vi (i = I, 2, ..., n} will be assumed. Let the data size (data amount) of each partial

20 data v; be si. Moreover, let a reproduction time be 1, which is a time that content can be
reproduced based on cach partial data v;.

[0138]



,2 112 t(2p,uca20-2) | + 7.1() = 0 [0144] A discriminant of Formula 27, representing whether a
solution in a range of real numbers exists or not, is expressed as shown by Formula 28. [FormL_JIa 28]
ID D 020,2 (0 [0145] In a case where a value D in Eérmula 28 is negative, a solution ofula 27 in the
range of real numbers does not exist. Therefbre, in this case, the stoppage time determining part 804
sets the communicatienthroaghput ineundatyHamib e ding teats:0a as:shonsbyekdrmudautD2% {Eormula
29 1,. ,where, 1) < 0 [0146] On the other hand in a case where the value D in Formula 28 is equal to or
more thaRansmission process of transmitting i-1" partial data v;.,, the stoppage time determining part
804 determines a stoppage time a; in a stoppage process executed inumediately before a
transmission process of transmitting it partial data v; will be assumed. A time point t that the
5 data transmitting part 806 ends execution of the transmission process of transmitting the i-1™
partial data v.; is set to 0.
{0139}
First, the stoppage time determining part 804 determines whether Formula 21 holds
or not. When Formula 21 holds, it is possible to complete transmission of the i partial data v,
10 in a period within a range of the time point t from 0 (a current time point) to a transmission
ending upper bound time point Ty, (i.e., a period from the current time point to a time point
the transmission ending upper bound time point T, later).
[Formula 21]

"-[;H‘p
/ Uint(L)dl > s;
SO

15 (0140
A transmission ending upper bound time point Ty, is expressed by Formula 22,
where a communication throughput boundary time point t, is a time point that a lower bound
value ui(t) of a target probability range of communication throughput becomes 0, and an
estimation accuracy upper bound time point | is an upper bound time point that the accuracy of
20 estimation of communication throughput is kept relatively high. The estimation accuracy

upper bound time point I is a preset value. It is preferred that the estimation accuracy upper



44 stoppage time determining part 804 calculates the communication throughput boundary time point
te. based on Formula 30. [Formuli 30] where 1) > 0 2p2 5[0147] In the case of determining that
Formula 21 does not hold, the stoppage time deterrfithing part 804 determines that the stoppage time
a is 0. In this case, even if transmitting data throughout a period from the current time point to the
transmisiomeé tidinguppérostndaimbipeinthih, iimposSible to coroplitetransatissiondsf the partial data
Therefore, it 10 is preferred to start transmission of the partial data v immediately at the current time
point. Cqpseguently) it is possible to prevent a remaining reproduction time in the client device 700
from becoming excessively short. [0148] On the other hand, in the case of determining that Formula
21 holds, the stoppage 15time determining part 804 calculates a minimum remaining reproduction time
THO(0) andlautixﬁﬁrﬁ%h‘{éirniﬁé reproduction time T,"th(Tsup), respectively, lie n a minirnui email
reproduction time T,"p,(ai) is the minimum value of a remaining reproduction time T(t) in a period from
a currentléimﬁe]point to a transmission ending time point hi. The transmission 45 =him I; OD

5 The communication throughput boundary time point t. can be obtained by solving
Formula 23 representing that the lower bound value upt) of the target probability range is
equal to 0.

[Formula 23]
ty + gt - a1 =0
1 [0142]

In a case where drift p calculated by the drift calculating part 802 is 0, Formula 24 is
derived from Formula 23. Therefore, the stoppage time determining part 804 calculates the
communication throughput boundary time point t. based on Formula 25.

[Formula 24}

ol — ufj = (}

[Formula 25]

Ui 2
o= ()
oa

[0143]
In a case where drift p calculated by the drift calculating part 802 is not 0, Formula 26

20 is derived from Formula 23. Moreover, Formula 27 that is a quadratic equation for the time



tE10,b, [0149] The remaining reproduction time T(t) at the time point t is expressed by Formula
32 and Formula 33. 5[Formula 32] Tp(1)Tp(0)c [0,07) [Formula 33] irtr(OdC Ti I Eb  [0150
10Further, the transmission ending time point bi is ¢btained by Formula 34. Formula 34 is derived from
Formula 35. The stoppage time a; is also referred to as a transmission starting time point because
transmissiontdfishertep el darmwiestarts at a time point that s a stoppage time after the current time
point. [Formula 34]

[Formula 26}

. N2
(ug + ;uﬁ)z = ((m“\/t)

[Formula 27]

[+ (Ql_i?ff() - (-7“202) Lt ug =0

5
[0144]

A discriminant of Formula 27, representing whether a solution in a range of real
numbers exists or not, is expressed as shown by Formula 28.

[Formula 28]
D = o?c? ((y,z(r‘! ~~~~~~ 4/1,-110)
10
[0145]

In a case where a value D in Formula 28 is negative, a solution of Formula 27 in the
range of real numbers does not exist. Therefore, in this case, the stoppage time determining
part 804 sets the communication throughput boundary time point t. to = as shown by Formula

i5 29

[Formula 29]

Lo =oc where D < ()

[0146]
On the other hand, in a case where the value D in Forniula 28 is equal to or more than

20 0, a solution of Formula 27 in the range of real numbers exists, Therefore, in this case, the



IS 33 (b,+IL -2b - (L:2) -(1),2 [Formula 35] 46 R," The minimum remaining reproduction time
Thn (amonotonically decreases in accordance with increase of the stoppage time a. Therefore, in a
case where the minimum remaining reproduction tirié Tru(0) is smaller than a target remaining
reproduction time Tr, the stoppage time determining part 804 determines the stoppage time al as 0.
5[0152] stoppRgetiareidctcoasewhene e mihintales thmaiming: réprdoku ctiom gimet T@)ridaguakto or
more than the target remaining reproduction time T" and the minimum remaining reproduction time T,";
"(Tsup) ipsmalleniban.ietakggtigmaining reproduction time T" the stoppage time deter_mini.ng part
804 determines the stoppage time a; so as to make the 10minimum remaining reproduction time

i) coinci ' ini ion time Tr. [0153
Tmu,(ai) [(f%'gﬁh g%l}h the target remaining reproduction time [ ]

oo 2uug — oo \/rﬂo'2 — g

5 where D >0

In the case of determining that Formula 21 does not hold, the stoppage time
determining part 804 determines that the stoppage time a; is 0. In this case, even if transmitting
data throughout a period from the current time point to the transmission ending upper bound
time point Ty, it is impossible to complete transmission of the i" partial data v;. Therefore, it

10 is preferred to start transmission of the i partial data v; immediately at the current time point.
Consequently, it is possible to prevent a remaining reproduction time in the client device 700
from becoming excessively short.

[0148]

On the other hand, in the case of determining that Formula 21 holds, the stoppage

15 time determining part 804 calculates a minimum remaining reproduction time Ty(0) and a
minimum remaining reproduction time Finind Tsup), respectively. Herein, a minimum remaining
reproduction time Tyin(a;) is the minimum value of a remaining reproduction time Ty(t) in a
pertod from a current time point to a transmission ending time point b, The transmission
ending time point b; is a time point to end (complete) transmission of the i partial data v;. The

20 minimum remaining reproduction time Tpyi(a;) is expressed by Formula 31.

[Formula 31]



To be specific, the stoppage time determining part 804 calculates a minimum remaining reproduction
time T,( cl)espec to each of a plurality of provisional stoppage 15times ei different from each other
within a range from a current time point (t = 0) to a $rissi m end ng upper bound time point (t = LT)
and determines the provisional stoppage time ci that the minimum remaining reproduction timeclosest
to the targef. rer&é{ réng reproduzm?{%lme Tr is calculated based on, as the stoppage time [0154]
20Further, fnrarcas w“n;e um remaining reproduction time Trrth,(Trup) is larger than the
target remaining reproductlonstoppage time determining part 804 sets the 47 Moreover, the stoppage
time determining part 804 determines the stoppage time a; based on the transmission ending time
point I); qr 453 p) and Formula 34. [0]55] Thus, it can be said that the stoppage time determining part
804 determines the 5 stoppage time ai so as to make the remaining reproduction time T (t) close to
the target remaining reproduction time Tr in a range that the remaining reproduction time T(t) is kept
equal to or more kthaficthaipirgeersrduiing ieprddUttbhemed pdo156] expressedNexd oam difect
produced by the delivery system 2 according to this exemplary 10embodiment will be described.

and Formula 33,

5 [Formula 32]
Tt =T,0) -1 tel0,a)

[Formula 33}

. . (: wint{€3d : .
Ty() = Tp(0) — ¢ + 2= e )

85

10 Further, the transmission ending time paint b; is obtained by Formula 34. Formula 34
is derived from Formula 35. The stoppage time a; is also referred to as a transmission starting
time point because transmission of the i partial data v; starts at a time point that is a stoppage
time after the current time point.

[Formula 34]

= hales

1 3 P
up{h, — a;) + };L (b — a: ) — Ecw (f) — aé) = g,

[Formula 35}

*iji
/ Ju‘inf([«)dl’, =,
Ay

[0151]



Fig. 9 is a graph showing change of a remaining reproduction time in the delivery system 2. In Fig. 9, a
dashed line represents communication throughput, a dashed dotted line represents an encoding rate,
and a continuous line represents a remaining reprodéction time. [0157] 15Herein, a case where data
representing content that an encoding rate is 750 kbps is transmitted is assumed. The target
remaining reproduitionitimeiTy ksweitod OrsprondsoT hendatd siza oheachopartidy ddtarvihissa size that
enables reproduction of content based on the partial data vi for ten seconds. [0158] 20Further, in this
exemplapy @mRAMER, HRreRENCAHORIFRHERI ralatvRIigrgely chanoes arSeYR: N Fig, ©- Even

in such a ease, according to the dellvery system 2, it is possible avoid that a remaining reproduction
time becomesO and Itéﬁ“ Iso OSSI Y[h preven 48 a rem alnln roduction t éime from beg(

ng
nainiig cuon ’“ S i‘-rgth% p(illngﬁb\ﬁmﬁ%ﬁ HEe s 498 alnlng

excessive y largé€.
reproduction time |n a delivery system of a comparison example (a comparison delivery system). This
5 compaliéoreaense i dedsmdiinmaren o detpander by soreeas Snredetsthining a stoppage time
with the assumption that communication throughput has the same value as communication throughput
at aurr@itiithe point at all limes in the future. [0160] As shown in Fig. 10, according to this
comparison delivery system, a remaining 10 reproduction time may become 0. That is to say, there is

arelatively high P[,%%P A Dééc%ﬁ&almﬂ%m qq%i\ amtllrmercp FSAINER PGS l\{,ﬁa S:Q%rctlgirl]q the
content reproduction quality in a client dewcet ereby lower )Pcesswe(iy [8]f6 j !
or more than the target remaining reproduction time T, and the minimum remaining
reproduction time Tumin(Tsyp) is smaller than the target remaining reproduction time T,, the
stoppage time determining part 804 determines the stoppage time a; so as to make the
1) minimum remaining reproduction time Tuma(a) coincide with the target remaining
reproduction time T,.
[0153]
To be specific, the stoppage time determining part 804 calculates a minimum
remaining reproduction time Tyin(ci) with respect to each of a plurality of provisional stoppage
I3 times ¢; different from each other within a range from a current time point (t = 0} fo a
transmission ending upper bound time point (1 = Ty,), and determines the provisional
stoppage time ¢; that the minimum remaining reproduction time Tyis(ci) closest to the target
remaining reproduction time T, is calculated based on, as the stoppage time a;.
[0154]
20 Further, in a case where the minimum remaining reproduction time Tnin Teup) 1s larger
than the target remaining reproduction time T, the stoppage time determining part 804 sets the

transmission ending time point b; to the transmission ending upper bound time point Tsup-



As described above, the server device 800 according to the sixth exemplary 15 embodiment of the
present invention can determine a stoppage time with high accuracy based on a probability density
function specified with an estimated function specifitation parameter. [0162] Further, he server
device 800 according to the sixth exemplary embodiment of the present invention determines a
stoppagétimre afr atbentrpippacaimeteiavitin thie apsuniptcivthatiR&c tim nmopieationitkerauyinudt is the
lower bound value of a target probability [0163] 49 transmitted with sufficiently high communication

throughRut Wl FERRBA LR ERIRIMIDRS SIePPAgE HINEoAi B FRBUIL, it is possible to sufficiently
decrease a probability that the content reproduction quality in the client device 700 excessively lowers.

[0164]_ Sfch]r Ig r, f[he server device_800 according to the sixth_ e_xemplary em_bodi_ment of the present
invention détermines a stoppage time so as to make a remaining reproduction time close to a target
remaining reproduction time in a range thataininreproductiis kept equal to or more than the target
remaining reprodiictionttigne. §016%] 10xctordivgtaethignit idgossibiegopato R thdewmamaining
reproduction time becomes excessively short. As a result, it is possible to more securely avoid that the
content kepipsiuctipneauality 48 Iben‘ﬁltil@f‘tl!i’@\fiﬂﬁﬁaﬂgggﬁ)@ﬁﬁﬁii{@d%ﬂp%;Eoél-qqt) close to the target

remaining reproduction time T, in a range that the remaining reproduction time Tp(t) is kept

equal to or more than the target remaining reproduction time T,.

[0156]

Next, an effect produced by the delivery system 2 according to this exemplary
10 embodiment will be described.

Fig. 9 is a graph showing change of a remaining reproduction time in the delivery
system 2. In Fig. 9, a dashed line represents communication throughput, a dashed dotted line
represents an encoding rate, and a continuous line represents a remaining reproduction time.

[0157]

15 Herein, a case where data representing content that an encoding rate is 750 kbps is
transmitted is assumed. The target remaining reproduction time Tr is set to 10 seconds. The
data size of cach partial data v; is a size that enables reproduction of content based on the
partial data v; for ten seconds.

[0158]
20 Further, in this exemplary embodiment, communication throughput relatively largely

changes as shown in Fig. 9. Even in such a case, according to the delivery system 2, it is

possible avoid that a remaining reproduction time becomes 0, and it is also possible to prevent



Next, the delivery system 2 according to a modified example of the sixth exemplary 15 embodiment
will be described. The delivery system 2 according to this modified example is different from the
delivery system 2 according to the sixth exemplary‘é?nbodlment in that the stoppage time determining
method is simplified. Therefore, a description will be made below tbcusing on the different point. [0167
50 of the Isarialiga s odisswndithe targdiaemainiyaesprodydtien-time T". [0168] The emaining
reproduction time TIAN at the transmission ending time point bi is obtained by Formula 36 derived
from Fogmga]33. 5[Formula 36] Tp(0) [0169] Letting a time point that the remaining reproduction
time T(t) coincides with the target rei ining reproduction time T, be a target coincident time point b" the

target coinciden e point ressed b Qrmu la 37 rlved from Formula 36. [Formula 37] T-
T[0170] bie! |rlgt1t %%sto}bjﬁig%exgn?g dete r"huné‘ﬁ&“r‘t”éof ool r!lt (thl‘n{le{lrlé’e{%0|nd§ “mf time

15point Fir based on Formula 37.
time in a delivery system of a comparison example (a comparison delivery system). This

5  comparison delivery system is different from the delivery system 2 in determining a stoppage
time with the assumption that communication throughput has the same value as
communication throughput at a current time point at all times in the future.

[0160]
As shown in Fig. 10, according to this comparison delivery system, a remaining
t0 reproduction time may become 0. That is to say, there is a relatively high probability that a
remaining reproduction time becomes excessively short and the content reproduction guality
in a client device thereby lowers excessively.
01617
As described above, the server device 800 according to the sixth exemplary
15 embodiment of the present invention can determine a stoppage time with high accuracy based
on a probability density function specified with an estimated function specification parameter.
[0162}
Further, the server device 800 according to the sixth exemplary embodiment of the
present invention determines a stoppage time of a control parameter with the assumption that
20 communication throughput is the lower bound value of a target probability range.
{0163]

According to this, it is possible to sufficiently increase a probability that data is



Then, in a case where the target coincident time point b, has a value within a range from O to the tra n
ending upper bound time point T the stoppage time determining part 804 determines the target
coincident time point bras the transmission ending tihie point 1)1. [0 171 ] On the other hand, in a
case where the target coincident time point b, does not have a value within the range from 0 to the
transmissiams enididg Wi er Bouert iinhégpoirnTswil ctite stoppage timeidetesmining 'arti8G4ndiatermines
the transmission ending upper bound time 51 point Tsui-, as the transmission ending time point 1)1.

[0172] Thespphia sierpagatinadaienypingiRal &M dataimingssionPags e aihased Qnihe

detennined transmission ending time point b; and Formula 34. At this moment, in a case 5where the
stoppagem;' 18,2 does n )l havt%c?c glqzjwithiry%)rgg e fro to the transmission ending time point b1,

the stoppage time determining par resets the stoppage time &i to 0. [0173] Thus, the

stoppage time determining part 804 determines the stoppage time ai so as to make the remaining
reproducﬂUrﬁ"ﬁ}‘ne Tp(b;) at the transmission ending time point 13; close to 10the target remaining
reproduction time Tr. [0174] The delivery system 2 according to his modified example can also

prodiice actions Bndieffetis somparalile tkithadelivery sydtern diacserdingfa-theogikaxempiary
embodiment. [0175J ISAlthough the present invention is described above referring to the exemplary

embodimeRien{RRIRRANLIREIIGD ISANIDISAIC (b exemRIRD.STRAHImENtS, I fenfgycations

and detalls of the present invention can be modified in various manners thattan be understood by one

skilled in t]he art within the scope of the present invention. [01761 o _
close to a target remaining reproduction time m a range that the remaining reproduction time is

kept equal to or more than the target remaining reproduction time.
[0165]

10 According to this, it is possible to avoid that a remaining reproduction time becomes
excessively short. As a result, it is possible to more securely avoid that the content
reproduction quality in the client device 700 excessively lowers.

[0166]
Next, the delivery system 2 according to a modified example of the sixth exemplary

15 embodiment will be described. The delivery system 2 according to this modified example is
different from the delivery system 2 according to the sixth exemplary embodiment in that the
stoppage time determining method is simplified. Therefore, a description will be made below
focusing on the different point,

[6167]

20 The stoppage time determining part 804 according to this modified example

determines the stoppage time a; so as fo make a remaining reproduction time Tu(bi) at the

transmission ending time point b, which is a time point of ending (completing) transmission



20For example, in each of the exemplary embodiments, the parameter estimation device is configured
to estimate a function specification parameter for specifying a probability density function in which a
random variable is communication throughput at a Sétond time 52 point later than a first time point
based on communication throughput acquired by the first time point. However, in a modified example
of each off the Expmiphdpemboliiséntsetheparameten estimatictiaeyice Faay be configured to, based
on communication throughput acquired in a certain period, estimate a function specification parameter
for specifying p Sprobability density function in which a random variable is communication hroughput at
a time point before (earlier than) the period. [0177] The respective functions of the parameter

estimation device.in eac of the exemplary embodiments are realized by the CPU's execution of the
ik o E%?i Bi}]ﬁ;{rg\hﬂgr‘g zﬁ%ﬁfagsmféﬂﬁﬁ L7183 BthBP M bldgram is

remalning répro
program (software}, bu may%e Poresnz
stored in the storage device in each of the exeiary embodiments, but may be stored in a
computethi@Hiadns Fecordidonistiish fimsr Examiel the recording medium is a portable medium such
as a flexible disk, an optical disk, a Smagneto-optical disk, and a semiconductor memory. [0179]
Further, gsanoth@smodified example of each of the exemplary embodiments, any combinations of the
abovementioned exemplary embodiments and modified examples may be employed.

Tp(b,;) = Tp({}) —b; + 7
[0169]
Letting a time point that the remaining reproduction time Tp(t) coincides with the
target remaining reproduction time T, be a target coincident time point b, the target coincident
10 time point b, is expressed by Formula 37 derived from Formula 36.

[Formula 37]
b= 1y(0) 7 T,

[0170]
First, the stoppage time determining part 804 calculates the target coincident time
15 point by based on Formula 37.
Then, in a case where the target coincident time point b, has a value within a range
from @ to the transmission ending upper bound time point Ty, the stoppage time determining
part 804 determines the target coincident time point b, as the transmission ending time point b;.
(0171}
20 On the other hand, in a case where the target coincident time point b, does not have a
value within the range from 0 to the transmission ending upper bound time point Teups the

stoppage time determining part 804 determines the transmission ending upper bound time



20 0180] <Supplementary Notes> 53 The whole or part of t le exemplary embodiments disclosed
above can be described as, but not limited to, the following supplementary notes. [0181]
(Supplementary Note 5A parameter estimation device including: a communication throughput
acquiring means for acquiring communication throughput that is an amount of data transmitted per unit
time; anebaxfungtionispaeificaitionpandmeténestmating means for estimating a function

specification parameter for specifying a probability density function where communication
10througnp;qt] at a second time point later than a first time point is a random variable, based on the
communication throughput acquired by the first time point. [0182] According to this, it is possible
to increase the gecuracy of estimation fcommunicatiwlrgé)%%hput. herefore, for example, it is

possible to estimate commUmeasiSh 9 8 FsraUgHIsR B B ALERHH 4 FYoBabBR density
function specified with an estimated function specification parameter. Also, it is possible to determine a
control pard¥heees sUBRddsamERtotiryiagd i Phighbagediamyiviséd ov disrobability densitye function
specified with an estimated function specification parameter.
5 where the stoppage time a; does not have a value within a range from 0 to the transmission
ending time point b;, the stoppage time determining part 804 resets the stoppage time a; to 0.
[0173]
Thus, the stoppage time determining part 804 determines the stoppage time #; so as to
make the remaining reproduction time Ty(b;) at the transmission ending time point b; close to
10 the target remaining reproduction time T..
[0174]
The delivery system 2 according to this modified example can also produce actions
and effects comparable to the delivery system 2 according to the sixth exemplary embodiment.
[0175]

15 Although the present invention is described above referring to the exemplary
embodiments, the present invention is not limited to the exemplary embodiments. The
configurations and details of the present invention can be modified in various manners that can
be understood by one skilled in the art within the scope of the present invention.

[0176]
20 For example, in each of the exemplary embodiments, the parameter estimation device

1s configured to estimate a function specification parameter for specifying a probability

density function in which a random variable is communication throughput at a second time



[0183] 20(Supplementary Note 2) The parameter estimation device according to Supplementary
Note 1, including a control parameter determining means for determining a control parameter used for
54 transmitting data, based on the estimated functioréspecification parameter. [0184] According
to this, it is possible to determine a control parameter such as an encoding rate with high accuracy.
5[0185] (BuppleteretitaryaNote 8pe poifihebpssdmeterestimatitnidtévivebiccordingrtd Supplefiesntary
Note 2, wherein the control parameter determining means is configured to determine the control

parametefyitham asriHpepdion thatthe srmmumication thigughnitisatupRsT hruhd vialie ana lower
bound 10 value of a target probability range, the target probablllty range being a range of the

communication throu&hpyt alag\}l e tﬁa}r etbprtzpaplllta/e ! eé)aesl a range in WhItCh a alue obtained by
integrating the probability ¢ ensﬂy‘funct n specili e &dtimated tTUHCHBI EpECi b’é’t ShBirameter
over the range is a target probability value that is a value of a probability to be a target. 15[0186]
(Supplerfgsithfy Nbte AFTHE psritderstiestithatibndevicersedonting oSupplemdntappNbie or 3,
wherein: the control parameter is an encoding rate of the data to betransmitted; and the control
paraineterdealsiminirgsinednscisoponiiguied © dateiming aencocing faie:20wih-n.aspumption that
the communication throughput is a lower bound value of a target

time point before (earlier than) the period.

[0177]

The respective functions of the parameter estimation device in each of the exemplary
embodiments are realized by the CPU’s execution of the program (software), but may be

10 realized by hardware such as circuits.
[0178]

Further, the program is stored in the storage device in each of the exemplary
embodiments, but may be stored in a computer-readable recording medium. For example, the
recording medium is a portable medium such as a flexible disk, an optical disk, a

15 magneto-optical disk, and a semiconductor memory.
[0179]

Further, as another modified example of each of the exemplary embodiments, any
combinations of the abovementioned exemplary embodiments and modified examples may be
employed.

20
[0180]

<Supplementary Notes>



probability range, the target probability range being a range of the communication throughput, and the
target probability range being a range in which a value obtained by integrating the 55 probability
density function specified with the estimated functiofi $pecification parameter over the range is a target
probability value that is a value of a probability to be a target. [0187] According to this, it is possible to
sufficiently incredbe wiprsiraiity ohshadetaip s yramboditediwith ssifficierithy bigin beriesonisaltion
throughput for a determined encoding rate. As a result, for example, in a case where a server device

delivers datasepraaentingiconeshiaeschsnidaviee Ryisireaming, it is possible to sufficiently decrease
a probability that the content reproduction quality in the client device excessively lowers. [0188]

10(Suppl tary Note 5) The parameter estimation device according to Supplementary Note 2
or 3, being configured to alternately and repeatedly execute a transmission process of transmitting the
data representing content to a client device by streaming and a stoppage process of stopping
transmisémlﬁﬁﬁﬁﬁlﬂﬁifal\i‘@i@ébredetermined stoppage time, wherein: 15the control parameter is the
stoppage time; and the control parameter determining means is configured to determine the

stoppage time sAgs:tanmeake:airesiainirgitepreiuiiign time close to a preset target remaining
reproduction time, the remaining reproduction time being a time allowing reproduction of the content

based on an unrgproglGERRAIAAT (7 AR (FCSEr L ERD! devies, Wil an 20sssmprion that

the communication throughput is a lower bound value of a target probab range, the target pro ]ability il

gc eing aran ? of the communication throughput, and the 56
throu% 1put that 1s an amount of data transmitted per unit time; and

a function specification parameter estimating means for estimating a function
specification parameter for specifying a probability density function where commiunication
10 throughput at a second time point later than a first time point is a random variable, based on
the communication throughput acquired by the first time point.
[0182]
According to this, it is possible to increase the accuracy of estimation of
communication throughput. Therefore, for example, it is possible to estimate communication
15 throughput with high accuracy based on a probability density function specified with an
estimated function specification parameter. Also, it is possible to determine a control
parameter such as an encoding rate with high accuracy based on a probability density function
specified with an estimated function specification parameter.
[0183]
20 (Supplementary Note 2)
The parameter estimation device according to Supplementary Note 1, including a

control parameter determining means for determining a control parameter used for



density function specified with the estimated function specification parameter over the range is a target
probability value that is a value of a probability to be a target. [0189] According to this, it is
possible to sufficiently increase a probability that daftis Stransmitted with sufficiently high
communication throughput for a determined stoppage time. As a result,possible to sufficiently
decreasdransrotbaditdethdiatied cottert riepredUfotionoguality fivthenglientdesvice excessively lowers.
[0190] (Supplementary Note 6) 10The parameter estimation device according to Supplementary Note
5, wherejiy thg)control parameter determining means is configured to determine the stoppagfe tllme in
the stoppage process to be executed next, at a time point of ending execution of the transmission
process. [0191] %(S%B lementary Note 7, arameter estimation device according to

Th
S RS e i He P At TSR AUCE oS g

Supplementary Note
detennine the stoppage time so as to make the remaining reproduction time close to the target
remaininfitepidlitEloreeriacih a range in which the remaining reproduction time is kept equal to or
more than the target 20remaining reproduction time. [0192] 57

5 [0185]

{(Supplementary Note 3)

The parameter estimation device according to Supplementary Note 2, wherein the
control parameter determining means is configured to determine the control parameter with an
assumption that the communication throughput is an upper bound value or a lower bound

10 value of a target probability range, the target probability range being a range of the
communication throughput, and the target probability range being a range in which a value
obtained by integrating the probability density function specified with the estimated function
specification parameter over the range is a target probability value that is a value of a
probability to be a target.

15 [0186]

(Supplementary Note 4)

The parameter estimation device according to Supplementary Note 2 or 3, wherein:

the control parameter is an encoding rate of the data to be transmitted: and

the control parameter determining means is configured to determine the encoding rate

20 with an assumption that the communication throughput is a lower bound value of a target
probability range, the target probability range being a range of the communication throughput,

and the target probability range being a range in which a value obtained by integrating the



excessively short. As a result, it is possible to more securely avoid that the content reproduction quality
in the client device excessively lowers. [0193] (Supplementary Note 8) The parameter estimation
device according to any of Supplementary Notes 1 -7, including a communication status estimating
means for estimating at least one among the communication throughput, a time required for
transmisgiohabidatddusbbe towipletaetcaina! anithrioust of dedalthati canpieei fransmiftedhinegepeviad at or
after the first time point, based on the estimated function specification parameter. 10[0194]
Accordingidqdhis, it iscRgssipisn e esiimate eRmyRigation yRahpt @ e kegyired for transmission

of data to be completed, and/or the amount of data that can be transmitted in a period at or after a first
time poirLb lvgl}r high accuracy based on a probability density function specified with an estimated
function specification parameter. 15[0195] (Supplementary Note 9) The parameter estimation
device according to any of Supplementary Notes 1 to 8, wherein the probability density function is a
function derived Mvrehimssurfipsiort tihapehedonimanficeigothrouetspur chabgeltsothsttdperform
Brownian motion. 20 [0196] 58 Therefore, according to the parameter estimation device configured as

des@ibed-abanacd isipossiblectaestimate cammenicatinn HHguanpH L With High-acsaRheanekt is also
possible to determine a control parameter with high accuracy. [0197] 5(Supplementary Note 10)

The paramefer §ti @ti n IElvic;e according to any of Supplementary, Notes 1 to 8, wherein the
age - s t’ 4 ‘C v > ¢ u" e 3 > 5 = . ‘-‘“. ] - i )
probability (fené(l?%y fdﬁc%c%l 4 tinction ‘ag%f\?e%jsvcv% ﬁra%‘gs?gﬁ%b‘f%ﬁﬁ té’trtﬂje“’égir]ﬁ”i ﬁ?cnaiﬁ%%“ A

throughput changes so as to perform Brownian motion with drift.
client device by streaming, it is possible to sulficiently decrease a probability that the content

reproduction quality in the client device excessively lowers.
[0188]
10 (Supplementary Note 5)

The parameter estimation device according to Supplementary Note 2 or 3, being
configured to alternately and repeatedly execute a transmission process of transmitting the
data representing content to a client device by streaming and a stoppage process of stopping
transmission of the data for a predetermined stoppage time, wherein:

15 the control parameter is the stoppage time; and

the control parameter determining means is configured to determine the stoppage
time so as to make a remaining reproduction time close to a preset target remaining
reproduction time, the remaining reproduction time being a time allowing reproduction of the
content based on an unreproduced part of the data received by the client device, with an

20 assumption that the communication throughput is a lower bound value of a target probability
range, the target probability range being a range of the communication throughput, and the

target probability range being a range in which a value obtained by integrating the probability



[0198] 10Change of communication throughput is well expressed by Brownian motion with drift.
Therefore, according to the parameter estimation device configured as described above, it is possible
to estimate communication throughput with high ac@fracy, and it is also possible to determine a
control parameter with high accuracy. [0199] IS(Supplementary Note 1) The parameter estimation
device adeosdinttstanysptStippleretitacsihiotes! Tuio:8owierelictiieppababdity dendity fungtion is a
function derived with an ssumption that the communication throughput changes so as to perform

geometrig BrawpiaBmaiens (0200 59 passible.tpreisiming soonirplparameter with high accuracy.
[0201] (Supplementary Note 12) A parameter estimation method eluding: 5acquiring communication

throughput, that is an amount of data transmitted per unit time; and estimating a function
specifica |org}§arameter for specifying a probability density function where communication throughput
at a second time point later than a first time point is a random variable, based on the communication
throughput acquifegdigittte tirdhtsmi poipesdibje2023utliciently increase a probability that data is

5 transmitted with sufficiently high communication throughput for a determined stoppage time.
As a result, it is possible to sufficiently decrease a probability that the content reproduction
quality in the client device excessively lowers.

[0190]
(Supplementary Note 6)

10 The parameter estimation device according to Supplementary Note 5, wherein the
control parameter determining means is configured to determine the stoppage time in the
stoppage process to be executed next, at a time point of ending execution of the transmission
process.
f0191]

15 (Supplementary Note 7)

The parameter estimation device according to Supplementary Note 3 or 6, wherein
the control parameter determining means is configured to determine the stoppage time so as to
make the remaining reproduction time close to the target remaining reproduction time in a
range in which the remaining reproduction time is kept equal to or more than the target

20 remaining reproduction time.

[0192]

According to this, it is possible to avoid that a remaining reproduction time becomes



(Supplementary Note 13) The parameter estimation method according to Supplementary Note 12,
including determining a control parameter used for transmitting data, based on the estimated function
specification parameter. 15[0203] (Supplementary NdGte 14) The parameter estimation method
according to Supplementary Note 13, including determining the control parameter with an assumption
that the carmssuribatiboithréusghputssianiuppesdssibhe ualueer adowvelybauod value dfca targatt
probability range, the target 20 probability range being a range of the communication throughput, and

the targef.proatiliy Jangs ReiRg A:angs, InLbish.a ¥p)y,qhtained by integrating the probability

density function specified with the estimated function specification parameter over the range is a target
60 probaﬁ)il(ié&y}value that s a value of a probability to be a target. [0204] (Supplementary_ Note 1_5) T_he
parameter €s }mation ethod according to any of Supplementary Notes 12 to 14, 5including estimating
at least one among the communication throughput, a time required for transmission of data to be
completédnamdrasnsanotintof data that can be transmitted in a period at or afier the first time point,
based on the estimated function specification parameter. [0205] (Supplementary Note 16) JOA

paregneter estimatierpRrageasn HGlHEING ipstivetius iah caysing an YNBAERRry Notes 1 to 7,
including a communication status estimating means for estimating at least one among the
communication throughput, a time required for transmission of data to be completed, and an
amount of data that can be transmitted in a period at or after the first time point, based on the
estimated function specification parameter.

10 [0194]

According to this, it is possible to estimate communication throughput, a time
required for transmission of data to be completed, and/or the amount of data that ean be
transmitted in a period at or after a first time point, with high accuracy based on a probability
density function specified with an estimated function specification parameter.

15 [0195]
(Supplementary Note 9)

The parameter estimation device according to any of Supplementary Notes 1 to 8,
wherein the probability density function is a function derived with an assumption that the
communication throughput changes so as to perform Brownian motion.

20

[0196]

Change of communication throughput is well expressed by Brownian motion.



processing device to perform operations including: acquiring communication throughput that is an
amount of data transmitted per unit time; and estimating a function specification parameter for
specifying a probability density ISfunction where cofmnunication throughput at a second time point
later than a first time point is a random variable, based on the communication throughput acquired by
the first tinherpbirg. [0ROG]I(S upplenperiamstd oreinA)iTihd paramstégestimatibinpiogtamoaccdrding to
Supplementary Note 16, including 20 instructions for causing the information processing device to

further peifsmone@tignsdremaingisatsrinng heeaal (?%1@5&%@5&?%&% tgammg)@@azﬂ@;% based

on the estimated function specification parameter. 61 [0207] (Supplementary Note 1 ' The
parametez{ertlmatlon Pﬁo ram ac ordwgﬁ;ﬁgg@ementary Note 17, wherein the operations include

determining Ihe Control parameter with SUmptich that the 5communication throughput is an upper

bound value or a lower bound value of a target probability range, the target probability range being a
range of tA&%ddmmunication throughput, and the target probability range being a range in which a
value obtained by integrating the probability density function specified with the estimated function

spedficattouppriaseier Sver 10)

The parameter estimation device according to any of Supplementary Notes 1 to 8,
wherein the probability density function is a function derived with an assumption that the
communication throughput changes so as to perform Brownian motion with drift.

[0198]

10 Change of communication throughput is well expressed by Brownian motion with
drift. Therefore, according to the parameter estimation device configured as described above,
it is possible to estimate communication throughput with high accuracy, and it is also possible
to determine a control parameter with high accuracy.

[G199]

15 (Supplementary Note 11)

The parameter estimation device according to any of Supplementary Notes | to 8,
wherein the probability density function is a function derived with an assumption that the
communication throughput changes so as to perform geometric Brownian notion.

[0200]

20 Change of communication throughput is well expressed by geometric Brownian

motion. Therefore, according to the parameter estimation device configured as described

above, it is possible to estimate communication throughput with high accuracy, and it is also



the range is a target probability value that is a value of a probability to be a target. 10[0208]
(Supplementary Note 19) The parameter estimation program according to any of Supplementary
Notes 16 to 18, including instructions fm causing th& hformation processing device to further perform
operations including estimating at least one among the communication throughput, a time 15required
for transiissidls bf deitanenisa contplbredirastdran drhatintwsidata that can be transmitted in a period at
or after the first time point, based on the estimated function specification parameter. [0209]

The preggnbinvention is based upon and claims the benefit of priority from Japanese 20patent
application No. 2011-151349, tiled on July 8, 2011, and Japanese patent application No.

2011-192 LlifZ itlelggn?a@ Sgﬁ)tenﬁer 5 2011, the disclosures ofwliich arc incorporated_herein in their
entirety by r%l?erence. % ﬁd STRIAL APPLICABILITY [0210] The present invention can be
applied to a communication throughput prediction 5device that estimates communication throughput, a
control paramete datRpRiFataEo e g dBdadings a control parameter used for transmitting data,

and so on.
5 acquiring communication throughput that is an amount of data transmitted per unit

time; and

estimating a function specification parameter for specifying a probability density
function where communication throughput at a second time point later than a first time point is
a random variable, based on the communication throughput acquired by the first time point.

10 [0202]
{Supplementary Note 13)

The parameter estimation method according to Supplementary Note 12, including
determining a control parameter used for transmitting data, based on the estimated function
specification parameter.

15 [0203]
(Supplementary Note 14)

The parameter estimation method according to Supplementary Note 13, including
determining the control parameter with an assumption that the communication throughput is
an upper bound value or a lower bound value of a target probability range, the target

200 probability range being a range of the communication throughput, and the target probability
range being a range in which a value obtained by integrating the probability density function

specified with the estimated function specification parameter over the range is a target



DESCRIPTION OF REFERENCE NUMERALS [0211] 10ldelivery system 100communication
throughput prediction device 101communication throughput measuring part 102drift calculating part
103variance calculating part 15104communication ﬁ?oughput predicting part 200delivery device
201communication throughput measuring part 202drift calculating part 203variance calculating part
20204rafd CBENNG! pari 205 eortestd ccaivibtiiy jsae 208dsta transmitting part 63 300client device

[0204]
(Supplementary Note 15)
The parameter estimation method according to any of Supplementary Notes 12 to 14,
5  including estimating at least one among the communication throughput, a time required for
transmission of data to be completed, and an amount of data that can be transmitted in a period
at or after the first time point, based on the estimated function specification parameter,
[0205]
{Supplementary Note 16)
0 A parameter estimation program including instructions for causing an information
processing device to perform operations including:
acquiring communication throughput that is an amount of data transmitted per unit
time; and
estimating a function specification parameter for specifying a probability density
15 function where communication throughput at a second time point later than a first time point is
a random variable, based on the communication throughput acquired by the first time point.
[0200]
(Supplementary Note 17)
The parameter estimation program according to Supplementary Note 16, including
20 instructions for causing the information processing device to further perform operations
including determining a control parameter used for transmitting data, based on the estimated

function specification parameter.



301data receiving pail 302content reproducing part 303communication throughput measuring part
5304drift calculating part 305variance calculating part 306rate controlling part 400server device
401content accumulating part | 0402data transmittirfiftpart 500communication throughput prediction
device 501communication throughput measuring part 502function specification parameter estimating
part 503déatMunication throughput predicting art 15600parameter estimation device
601communication throughput acquiring part 602function specification parameter estimating part

2delivery(syst@Bmentary Note 18)
The parameter estimation program according to Supplementary Note 17, wherein the
operations include determining the control parameter with an assumption that the
5 communication throughput is an upper bound value or a lower bound value of a target
probability range, the target probability range being a range of the communication throughput,
and the target probability range being a range in which a value obtained by integrating the
probability density function specified with the estimated function specification parameter over
the range is a target probability value that is a value of a probability to be a target.
10 [0208)}
(Supplementary Note 19)

The parameter estimation program according to any of Supplementary Notes 16 to 18,
including instructions for causing the information processing device to further perform
operations including estimating at least one among the communication throughput, a time

15 required for transmission of data to be completed, and an amount of data that can be
transmitted in a period at or after the first time point, based on the estimated function
specification parameter.

[0209]

The present invention is based upon and claims the benefit of priority from Japanese

20 patent application No. 2011-151349, filed on July 8, 2011, and Japanese patent application No.
2011-192642, filed on September 5, 2011, the disclosures of which are incorporated herein in

their entirety by reference.



20701data receiving part 702buffer part 703content reproducing part 800server device
801eotrniiuniea.tion throughput measuring part 802drift calculating pail 803variance calculating part
5804stoppage time determining part 805content ac&smulating part 806data transmitting part 65
CLAIMS A parameter estimation device comprising: a communication throughput acquiring
means for acquiring communication 5throughput that is an amount of data transmitted per unit time;

and
INDUSTRIAL APPLICABILITY
[0210]
The present invention can be applied to a communication throughput prediction

5 device that estimates communication throughput, a control parameter determination device

that determines a control parameter used for transmitting data, and so on.

DESCRIPTION OF REFERENCE NUMERALS

(0211}

10 1 delivery system
100 communication throughput prediction device
101 communication throughput measuring part

162 drift calculating part
103 variance calculating part
15 104 communication throughput predicting part
260 delivery device
201 communication throughput measuring part
202 drift calculating part
203 variance calculating part
20 204 rate controlling part
205 content accumulating part

206 data transmitting part



a function specification parameter estimating means for estimating a function specification parameter
for specifying a probability density function where communication throughput at a second time point
later than a first time point is a random variable baséd on the communication throughput acquired by
the first time point. 10 2.The parameter estimation device according to Clain I, comprising a control
parametéfdetermimirigienaans for detenni g a control parameter used for ranstig data, based on the
estimated function specification parameter. 153.The parameter estimation device according to Claim
2, whereipthe conirolReramepardetermining means is configured to determine the control parameter
with an assumption that the communication throughput upper bound value or a lower bound value of a
target prohability range, the target probability range being a range of the communication throughput,
and the t%lgget pro natéiilleiltly‘3 é%gue B&RGY range in which a value obtained by integrating the
20probability density function specified with the estimated function specification parameter over the
range is d%argetysiobamiligtivaltie ehah poanvalssiof agptobability to be a target 66 4.The parameter
estimation device according to Claim 2 or 3, wherein: the control parameter is an encoding rate of the
datasto beytransnititedakohting ghe control parameter determining means is configured to determine
the encoding rate with an assumption that he communication throughput is a lower bound value of a
target Sj{fg)babig%ir%nggaitgu aaggetaptrobability range being a range of the communication throughput,
and the target proba |hty range% ng a range in which a value obtained by integrating the probability
density function specified with the estimated function specification parameter over the range is a target
probabiliffValue e UaIHRErSFa probability to be a target. 105.The parameter estimation device
according to Claim 2 or 3, being configured to alternately and repeatedly execute a transmission
process #btransraittingithecdata representing content to a client device by streaming and a stoppage
process of stopping transmission of the data for a predetermined stoppage time, wherein:

401 content accumulating part

10 402 data transmitting part

500 communication throughput prediction device
501 communication throughput measuring part
502 function specification parameter estimating part
503 communication throughput predicting part

15 600 parameter estimation device
601 communication throughput acquiring part
602 function specification parameter estimating part
2 delivery system
T00 client device

20 701 data receiving part

702 buffer part

703 content reproducing part



the control parameter is the stoppagees and 15the control parameter determining means is configured
to determine the stoppage time so as to make a remaining reproduction time close to a preset target
remaining reproduction time, the remaining reprodu&fion time being a time allowing reproduction of the
content based on an unreproduced part of the data received by the client device, with an assumption
that the d@thmuriieativdehrsughput is a lower bound value of a target probability 20 range, the target
probability range being a range of the communication throughput, and the target probability range
being a ramge in whigh.aivatue g@@i@%%@g@g@iggghe probability density function specified with
the estimated function specification parameter over the range is 67 a target probability value that is a
value of ﬁ?[ﬂmbataﬂjﬁ’ Ltfi)l 81 2 rga}r re%. 6. The parameter estimation device according to Claim 5,
wherein thé control parame er éifermining means is configured to determine the stoppage time in the
stoppage process to be 5executed next, at a time point of ending execution of the transmission
process.8 3The‘ﬁé¥§?ﬁ‘é€éﬂ%ﬁﬁﬁﬂtt&ﬁtdevice according to Claim 5 or 6, wherein the control parameter
determining means is configured to determine the stoppage time so as to make the remaining
reproductisn timetsipsgdethedatgatsampaining reproduction time in a range in 10which the remaining
reproduction time is kept equal to or more than the target remaining reproduction time. 8. The
parametgbgstimg&i%nq%\éi&ﬁn%%%gieggdto any of Claims | to 7, comprising a communication status
estimating means for estimating at feast one among the communication 15 throughput, a time
required for transmission of data to be completed, and an amount of data that can be transmitted in a
period at'8P afterfHe FiPEPREISIIAR based on the estimated function specification parameter.



9. The parameter estimation device according to any of Claims | to 8, wherein the 20probability density
function is a function derived with an assumption that the communication throughput changes so as to
perform Brownian motion. 68 10.The parameter esfimation device according to any of Claims 1 to 8,
whe n the probability density function is a function derived with an assumption that the communication
throughput-éHafges so as to perform Brownian motion with drift. 511.The parameter estimation device
according to any of Claims 1 to 8, wherein the probability density function is a function derived with an
assumption that the communication throughput changes so as to perform geometric Brownian motion.
12. A parameter es ation method comprising: 10acquiring communication throughput that is an amount
of data transmitted per unit me; and estimating a function specification parameter for specifying a
probability densi%/ ?8‘5%}[15%%3 W ehf'édgglrlnn%ﬁ!r‘ﬁ%é 10 jﬁﬁ?]&%’ghput at a second time point later than a first
time point is a random variable, based on the communication throughput acquired by the first time
point. 15 13. Thé psBHIetEFE&imdtien aietHodetesitingeadiaimirL 22qewinipsing datensiting a
control parameter used for transmitting data, based on the estimated function specification parameter.
5 throughput that is an amount of data transmitted per unit time; and

a function specification parameter estimating means for estimating a function
specification parameter for specifying a probability density function where communication
throughput at a second time point later than a first time point is a random variable, based on

the communication throughput acquired by the first time point.

10
2. The parameter estimation device according to Claim 1, comprising a control
parameter determining means for determining a control parameter used for transmitting data,
based on the estimated function specification parameter.

15 3 The parameter estimation device according to Claim 2, wherein the control parameter

determining means is configured to determine the control parameter with an assumption that
the communication throughput is an upper bound value or a lower bound value of a target
probability range, the target probability range being a range of the communication throughput,
and the target probability range being a range in which a value obtained by integrating the
20 probability density function specified with the estimated function specification parameter over

the range is a target probability value that is a value of a probability to be a target.



2014.The parameter estimation method according to Claim 13, comprising deteimming the control
parameter with an assumption that thc communication throughput is an upper bound value or a lower
bound value of a target probability range, the targetfftobability range being a 69 range of the
communication throughput, and the target probability range being a range in which a value obtained by
integratirfy the prbivapiliyrgtansisyi fumatiodespecified dvith th € lestiated), fuhction specification parameter
over the range is a target probability value that is value of a probability to be a target. 5 15. The

parameter estimatiopmehpsk-aseRidingntenadyift CHaimsildald wompising.estimating at least one
among the communication throughput, a time required for transmission of data to be completed, and

an amount of dali%é[hat an be trans it}ed in a period at or altter tr&et fir(Pt time pojnt, based on the

Ao detciminige fReaps s contietralio deiemire s sneaiprsig

. ont mg
estimated function speci ic&tion parameter. 16
instructions thr causing an information processing device to perfolin operations including:
acquiring"éBhit ARt B ag HuE e s tir dhrushaatal trarsmtdwped walvtmé; atuget
15estimating a function specification parameter for specifying a probability density function where
comsnunjgatioi fiyaughpubatagse ponshbime point latardhaam fitgt dimeoppintacandant yagighle, based
on the communication throughput acquired by the first time point. 17. The parameter estimation

program aeeag 0 GlRIM HnHAMPLSINGIOSTUCONS for AREAUSIG e QIR RIQFERSIng, device to
further perform operations including determining
probability density function specified with the estimated function specification parameter over

the range is a target probability value that is a value of a probability to be a target.

16 5. The parameter estimation device according to Claim 2 or 3, being configured to
alternately and repeatedly execute a transmission process of transmitting the data representing
content o a client device by streaming and a stoppage process of stopping transmission of the
data for a predetermined stoppage time, wherein:

the control parameter is the stoppage time; and

15 the control parameter determining means is configured to determine the stoppage
time so as to make a remaining reproduction time close to a preset target remaining
reproduction time, the remaining reproduction time being a time allowing reproduction of the
content based on an unreproduced part of the data received by the client device, with an
assumption that the communication throughput is a lower bound value of a target probability

20 range, the target probability range being a range of the communication throughput, and the
target probability range being a range in which a value obtained by integrating the probability

density function specified with the estimated function specitication parameter over the range is



a control parameter used for ansiing data, based on the estimated function specification parameter.

70 18.The parameter estimation program according to Claim 17, wherein the operations include
determining the control parameter with an assumpti@ﬂ that the communication throughput is an upper
bound value or a lower bound value of a target probability range, the 5 target probability range being a
range of Hergphmobrbaiion thweubtipss arldehé 2angbtpildiyabilityartamges.being a range in which a value
obtained by integrating the probability density function specified with the estimated function
specification parameter over the range is a target probability value that is a value of a probability to be
a target. 1019.The parameter estimation program according to any of Claims 16 to 18, comprising

instructigns for caysing the information processing device to further perform,operations including
estimatigg at Ieaz’tH § e among t gngégr%lﬁ‘%ﬁ?é’ét%n 7’t'hdrakc’)] g?ﬂg} -\ tigmvg’rgd‘ﬁnmé]d fé)ﬁlf}gﬁgf*‘rﬁl‘gg%ﬁ' of data
to be completed, and an amount of data that can be transmitted in a period at or after the first time

point, badBigtBHNE axikate dTuReusd spsiieatisntparenatee time in the stoppage process to be

5  executed next, at a time point of ending execution of the transmission process.

7. The parameter estimation device according to Claim 5 or 6, wherein the control
parameter determining means is configured to determine the stoppage time so as to make the
retnaining reproduction time close to the target remaining reproduction time in a range in
10 which the remaining reproduction time is kept equal to or more than the target remaining

reproduction time,

8. The parameter estimation device according to any of Claims 1 to 7, comprising a
communication status estimating means for estimating at least one among the communication
15 throughput, a time required for transmission of data to be completed, and an amount of data
that can be transmitted in a period at or after the first time point, based on the estimated

function specification parameter.

0. The parameter estimation device according to any of Claims 1 to 8, wherein the
20 probability density function is a function derived with an assumption that the communication

throughput changes so as to perform Brownian motion.
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10. The parameter estimation device according to any of Claims 1 to 8, wherein the
probability density function is a function derived with an assumption that the communication

throughput changes so as to perform Brownian motion with drift.

11 The parameter estimation device according to any of Claims 1 to 8, wherein the
probability density function is a function derived with an assumption that the communication

throughput changes so as to perform geometric Brownian motion.

12. A parameter estimation method comprising:

acquiring communication throughput that is an amount of data transmitted per unit
time; and

estimating a function specification parameter for specifying a probability density
function where communication throughput at a second time point later than a first time point is

a random variable, based on the communication throughput acquired by the first time point.

13. The parameter estimation method according to Claim 12, comprising determining a
control parameter used for transmitting data, based on the estimated function specification

parameter.

14. The parameter estimation method according to Claim 13, comprising determining the
control parameter with an assumption that the communication throughput is an upper bound

value or a lower bound value of a target probability range, the target probability range being a
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range of the communication throughput, and the target probability range being a range in
which a value obtained by integrating the probability density function specified with the
estimated function specification parameter over the range is a target probability value that is a

value of a probability to be a target.

15. The parameter estimation method according to any of Claims 12 to 14, comprising
estimating at least one among the communication throughput, a time required for transmission
of data to be completed, and an amount of data that can be transmitted in a period at or after

the first time point, based on the estimated function specification parameter,

16. A parameter estimation program comprising instructions for causing an information
processing device to perform operations including:

acquiring communication throughput that is an amount of data transmitted per unit
time:; and

estimating a function specification parameter for specifying a probability density
function where communication throughput at a second time point later than a first time point is

a random variable, based on the communication throughput acquired by the first time point.

17. The parameter estimation program according to Claim 16, comprising instructions for
causing the information processing device to further perform operations including determining
a control parameter used for transmitting data, based on the estimated function specification

parameter.
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18. The parameter estimation program according to Claim 17, wherein the operations
include determining the control parameter with an assumption that the communication
throughput is an upper bound value or a lower bound value of a target probability range, the
target probability range being a range of the communication throughput, and the target
probability range being a range in which a value obtained by integrating the probability
density function specified with the estimated function specification parameter over the range is

a target probability value that is a value of a probability to be a target.

i9. The parameter estimation program according to any of Claims 16 to 18, comprising
instructions for causing the information processing device to further perform operations
including estimating at least one among the communication throughput, a time required for
transmission of data to be completed, and an amount of data that can be transmitted in a period

at or after the first time point, based on the estimated function specification parameter.



