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Abstract—For rapidly progressive type of P2P-TV video
transmission technology a rather general discrete-continuous
mathematical model of video transmission in the form of
differential equation of state was offered. On the basis of the
generalized Lagrange equation the possibility of constructing
a procedure to optimize the management of fragmentation is
shown.
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1. OVERVIEW

In recent years there has been a steady increase in user
traffic, which is about 80 petabytes/month, more than half
of which belongs to video traffic. The use of P2P technolo-
gy has particularly rapid growth, especially P2P-TV, de-
signed to view video content over the Internet-TV. There
are many varieties of the popular P2P networks: Bit Torrent
Live, Torrent Stream, PPLive, UUSee, SopCast, etc. [1].

A feature of P2P networks is the procedure for engag-
ing other client machines of users, from which download-
ing certain video fragments is done. In the live-streamed
video TV content is distributed to all users in real time.
During the process of providing services, a number of deci-
sions are adopted and a large number of controls are im-
plemented: peer selection, connection and disconnection of
a peer, information exchange between peers, evaluation of
delays, buffer organization, and fragments planning. Ap-
propriate procedures are performed by a variety of control-
ling machines: a server, global and local trackers, etc. A
scheduler provides the necessary coordination of all the
punctures and controls in accordance with their algorithms
and chosen models.

The article presents an attempt to demonstrate the abil-
ity to select a unified mathematical model of x(¢) -process

of peer-to-peer network functioning and associated univer-
sal procedure of optimal control in the P2P-TV technology.
The process of downloading a certain file x(¢) is accom-

panied by its splitting up into separate fragments derived
generally from different peers. Scheduling of fragmentation
process is carried out in such a way that services with the
required quality are provided with the minimum time
teT =[t;,tr]. The process x(¢) itself on the interval 7

is represented as a controlled sequence of individual files
with independent values at the boundaries of the joint. This
task belongs to the trunk class when transport management
is carried out on selected areas (steps), and at each step the
best mode of speed, minimization of delays and the level of
costs is selected [2,3].
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II.  DESCRIPTION OF THE FUNCTIONAL MATHEMATICAL
MODEL

As a result of downloading the file, we have a general
0

n?’

discrete-continuous (DC) process X, , which is a class of

degenerate processes possessing the sequence of disconti-
nuity points. The solution of equation of state dx(z)/dt is

characterized by an unlimited number of values of deriva-
tives [4,5]. A typical method of solving such DC problems

is to replace the sequence x,‘f (¢) with the certain approxi-
mating spreading sequence xf), (k,t) [6] allowing to im-
plicitly form the operator of discrete component x, on the
set of continuous action values.

The process of file formation can be written as a se-

quence of continuous sections filling the space between
(K) and (K)+1- adjacent boundaries of fragments. The

model of such DC process during downloading the file
[#1,¢5 ] can be represented in the form of controlled differ-

ence equation of state [7]:
x(k+1) = f(k,x(k),u(k)), 1)
where K e K =1,2,...Kp, u(k) e U(k,x(k)).

Such discrete-continuous models (DCMs) in related
work [6] are represented as a two-level structure character-
ized by the sequence of discrete valuesx(k)=1x,,
K =1,2,..., interpreted as a process of the upper-level and
lower-level sequence of the continuous process x,, (¢) fill-
ing the intervals between recurrent discrete x(k) and
x(k +1). The transition process from the lower to the upper
level takes place through the border

7:(t1’xn(tl)5tF’xn(tF))'

Managing the process x,‘f (k) should be considered as
two separate functions:

uy (k) - control of discrete fragments,
u, (¢t) - managing continuous data flow of the TV-content.

This hybrid process x(k + 1) is degenerate due to inter-
ruptions at the junction of fragments. To concretize this
model let us represent the management of fragments se-
quence in the form of values discreteness u,, and the

transfer of image data - as a piecewise smooth process
dx, (t)/dt = f,(z,t,x,,,u,) ,
teT(z)=[4(2),tp (2)] (2)
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In addition, management u,(k,t) is a piecewise-

continuous function
u, cU,(z,t,x,),

where teT(z) =[t;(2)...tp (2)], z=(k,x,u,),
k € K;, < K is a set of variables that play a role of param-
eters in the implementation of a continuous control inside
fragments.

When passing x, through the border of neighboring
fragments the transition operator y, is used. Due to this

operator the value of derivative (2) takes the
form £, (z,¢,x,,u,) =0(z,7,) .

The model (1) and its corresponding concretizations
(2), (3) allow to solve the problem of optimizing the con-
trol process [8]. Management can be constructed using
various iterative procedures.

The process of fragments sequence delivery to consum-
er is regarded as a component of the general process (1). It
lies at the basis of P2P-TV network functioning and it is
represented as a discrete control model, the state of which
is determined at each of & -steps

Xo(k+1)= A(k,uy)xy(k)+ B(k,uy) , 3)

where xy € R™B) uy e U(ky < RPR);

keK= {kl,...kp} .

Discrete component of the process x,(k) is the final
sequence of fragments (k) for the downloaded file de-
rived from different peers according to the chosen plan.

Management u,(¢) provides fragmentation process,

the choice of fragments length, their corresponding ar-
rangement and correct "stitching", which allows the user to
watch a continuous smooth image.

III. OPTIMIZATION OF CONTROL PROCESS IN PEER
NETWORK
The object of control u()carried out within each of
m -fragment, is the control of frames, control of rate and
minimization of delay.

The task of managing the process of downloading is
generally a multiobjective, multistep procedure defined on
a finite set of steps kz . The solution of problem with the

above restrictions and selected models (1), (2), (3) reduces
to minimizing the functional

J = O(x(kp),u(kp))
or under appropriate linearization:

J = dlulkp)x(kp))

Optimal management of such discrete-continuous pro-
cess is found with help of the generalized Lagrangian [5,6]

K
L=G(x(kp)— X R(k,x(k),u(k)+ 3 (G" (z(k),y" (k) +
K\K'\tfp K

+ J'(,u”(z(k) —R"(z(k), t,x" (k,Du" (k,£)dt) , (4)
T(z(k))
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where (@, ") is a pair of arbitrary functions, ensuring the
expansion of discrete and continuous processes,

G(x) =O(x) + plkp,x(kp))—p(ky, x(ky))
R(k,x,u) =@k +1, f(k,x,u))— p(k,x),

G"(zy")==plk+1, (k. x,u)+ plk, x(K)) + 9" (2,8, xF) -

-"(z,t,x7) - jy”(z,t)dt ,
T(2)

Rz, t,x",u") =" (T, x") f"(z,t,x" ,u")+ 9" (z,t,x"),
u" :(z,t):sup{R"(z,t,x”,u”)},
1) =inf{G" (z, y™)}.
z=(k,x,u’).

K' is a subset of the approximate values in the set of
continuous process x, (1),K' c K .

As a result of the optimization procedure it is possible
to find the minimum of functional L . It is shown [5] that
minJ(k,x,u) is simultaneously provided.

To solve (4) it is necessary to set a couple of
(@, ¢,,) ensuring fulfillment of the condition [5]

infL=0,

for the entire set of control functions u,,u, and the corre-

sponding set of states of the upper x, and lower x,, level.
These requirements provide specific conditions such as
Bellman optimality procedures and building effective itera-
tive procedure [9].

IV. CONCLUSION

The universal enough discrete-continuous differential
model of processes of P2P-TV-content downloading is
obtained taking into account the processes of fragmenta-
tion, fragments flow and data flow control. The possibility
of constructing optimal control procedures on the basis of
a generalized Lagrange solution is shown.
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