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Abstract. A class of stochastic functional differential equation boundary value convergence 
problem is researched, and the support vector machine (SVM) optimization classification theory is 
taken for the data classification, and the training sample set processing algorithm is proposed based 
on the stochastic functional analysis, the stability and convergence of the stochastic functional 
characteristics is improved, new algorithm can effectively absorb or eliminate redundant 
information and avoid additional data, repeatedly re calculation can be avoided, it can radically 
reduce the number of iterations and calculation cost. Stability properties of positive semidefinite 
minimum positive characteristic zonal sparse conditions is proved by mathematical deduction, the 
line approximation error continuous edge stability analysis is taken for stochastic functional value, 
singular decomposition is taken with conjugate gradient method, the boundary conditions are 
incorporated into the stochastic functional elliptic function, the small positive semidefinite 
minimum feature of the stiffness matrix is given, the asymptotic convergence condition of 
Stochastic Functional Differential Equations is obtained, and the boundary value is solved. 
KDD_CUP2012 database is used in simulation for data classification, simulation results show that, 
the classification model can classify all kinds of data and reorganize the data effectively. It can 
improve the data processing ability, guarantee the convergence of stochastic functional differential 
equations boundary value. 

Introduction 
In recent years, with the development of network technology, a large amount of data need for 
transmission constantly, we need to establish a mathematical model and algorithm, and realize the 
optimization of the classification of the data effectively, the problem that how to cluster the massive 
data and massive information for the data analysis is the key step and key base of the data mining 
and information processing, classification data is mainly faced to the original data, a certain 
algorithm is designed for data classification and clustering, it is a topic worthy of in-depth study. By 
clustering or classification processing, it is the important procedure in the fault diagnosis subject 
and target recognition subject based on the clustering and classification, the similar characteristics 
of the data will be gathered together, and exit from an output of the classifier[1-3]. 

The traditional methods of data classification contain neural network classifier, fuzzy C mean 
classifier, SVM classifier, and so on, in which the SVM classifier is most typical, these methods are 
effective data classification methods, and they are widely applied in pattern recognition, image 
processing and data mining fields. The convergence and iteration number and the amount of 
calculation problem of SVM is the key to solve the mathematical classification problem. of SVM 
optimization classification theory is analyzed[4], and adding reduction type support vector machine 
training sample set processing algorithm is proposed in this paper for improving the stability and 
convergence of the solution of the stochastic functional characteristics. The model of the stochastic 
functional differential problem was first proposed by Vapnik et al. Stochastic functional differential 
equations boundary value is researched, disturbance characteristic functional convex combination 
model becomes effective tool of analysis the continuity, stability and resolution. The stability and 
convergence of stochastic functional differential equation model is analyzed, to solve the data 
classification, and the problems such as linear regression model and statistical signal processing 
structure and stable solution can be solved[5].  
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Therefore, in this paper, the support vector machine (SVM) optimization classification theory is 
taken for the data classification, and the training sample set processing algorithm is proposed based 
on the stochastic functional analysis, stability properties of positive semidefinite minimum positive 
characteristic zonal sparse conditions is proved by mathematical deduction, the line approximation 
error continuous edge stability analysis is taken for stochastic functional value, singular 
decomposition is taken with conjugate gradient method, the boundary conditions are incorporated 
into the stochastic functional elliptic function, the small positive semidefinite minimum feature of 
the stiffness matrix is given, the asymptotic convergence condition of Stochastic Functional 
Differential Equations is obtained, and the boundary value is solved[6]. KDD_CUP2012 database is 
used in simulation for data classification, simulation results show that, the classification model can 
classify all kinds of data and reorganize the data effectively. It can improve the data processing 
ability, guarantee the convergence of stochastic functional differential equations boundary value. It 
will have good application value in data analysis.  

Basic knowledge and stochastic functional theory 
Stochastic functional differential equation and foundation of boundary value problem. The 
stability problem of stochastic functional differential equations boundary value is reached, and the 
stochastic functional differential equation need to be constructed firstly, the mathematical model 
method is used for solving nonlinear ordinary differential equations, nonlinear partial differential 
equations, the control algorithm is designed, firstly gives the stochastic functional nuclear in 
complex differential equation model[7], in the stochastic functional core, a stable system 
mathematical model of stochastic functional matrix is constructed, Hausdorff expression ( )u ξ  is 
expanded as a stochastic functional elliptic sine function snξ , the series of mathematical model 
based on Hausdorff matrix is defined as: 

 
0

n
j

j
j

u a sn ξ
=

= ∑  (1) 

In Cauchy kernel, the highest order mathematical model of stochastic functional matrix in the 
generalized matrix distribution is defined as: 

 ( ( ))O u nξ =  (2) 
According to the equilibrium theory in translation and expansion, considering the unconstrained 

optimization of stochastic functional differential equation model:   
 6( ) 0tx yy x x xxxu qu uu u+ + + =  (3) 

While 2q = , Banach space of differential equation is represented as (2+1) - dimensional 
differential equations, the constraint condition is: 
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The singular decomposition is taken by conjugate gradient method, multi-objective optimization 
local search method is used to solve the solution of the above equations, the results are taken into 
the stochastic functional elliptic function, while 1m → , tanhsnξ ξ→ , generalized central symmetric 
matrix is constructed for sparse symmetric positive semi definite band of stiffness degradation for 
the initial estimation: 
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n
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j

j
u a ξ

=

= ∑  (5) 

An autoregressive linear optimal solution set is obtained, according to the theory of multi-
objective optimization, stochastic functional complex variable function is determined by n decision 
variables and , m target variables, said its mathematical model is expressed as:   
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Lemma 1: In finite domain ( ) (0)H q AY , the n  order matrix A  is the convex combination model, 
sufficient condition of convex matrix A  is the matrix of arbitrary order sub matrix is non singular. 

The disturbance characteristic functional is a kind of a neighborhood features control model for 
the origin is:  

 2( ) ( ) ( ( ), ( ), , ( ))
( ) ( ) ( )

i i i i i n

i i i i i

m t a m t b p t p t p t
p t c p t d m t

σ σ σ
t

= − + − − −
 = − + −







 (7) 

In the formula, turbulence characteristics of average type for stochastic functional analytic matrix 
equation is reversible convex combination of analytical matrix, therefore, it needs to give the 
turbulence characteristics of functional principle, according to the autocorrelation function 
information vector iteration model, when the autocorrelation vector the minimum mutual 
information is achieved asymptotic stability, then global asymptotic stability is obtained. 

Boundary value solution and stability characteristics.The convex combination of subspace 
neighbourhood (0)N  exists, the mutual information of average disturbance characteristic functional 

( )H •  is set, the disturbance characteristics connection weights for the system function is:  
 ( ) ( ) ( ) ( )mH s Y s G s U s+ =  (8) 

When the controlled object and a state feedback controller is limited with learning constraints, 
the system reaches equilibrium, the characteristic functional function control model is 

( ) ( ) ( )x t Ax t Bu t= +  and ( ) ( )c cu t Kx t= , the closed-loop system is obtained, which is: 
 ( ) ( ) ( ( ) ( ))s ax t Ax t BKx t d t d t= + − −  (9) 

This paper uses the stochastic functional to solve the stable solution of differential equation, the 
learning algorithm of the controlled object is used for computing the real-time adaptive eigenvalue 
decomposition, expressed as: 

 1
( , ) { ln{exp[ ( )] exp[ ( )]}}

1

m p
f q qf qfi ii q

∑= + −
=

x x x  (10) 

Assumed arbitrary initial matrix of ( ), ( , )f f qx x  in range X  is ( ), ( , )f f qX X , because ( )F X  is the only 
minimum norm solution of ( )f x , therefore: 

 (0) (0) (0)
( ( ), )f f f m qq q= = X  (11) 

On the basis of stochastic functional convergence conditions, the functional disturbance 
characteristics are extracted, and the construction disturbance characteristic functional linear 
equations are constructed as: 
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In the interval variable with the same functional, similarly we can get: 
  2

inf ( , ) inf ( , ) ( )
2

K
F q f q W− ≤ ∞X X X  (13) 

Because the function ln ,
x

x e  is monotone increasing function, so: 
 2

( ( , )) ( ( , )) ( )W F q W f q K W− ≤ ∞X X X  (14) 
Given the stiffness matrix of small positive semidefinite minimum feature as: 
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b
η

ω

 ∂ ∂   ∆ = − +    ∂ ∂     
 (15) 

If *( ) 0oC x = , then: 
 ( ) ( ), , , , , ,Y P Q Y red P Q Qβ β β=     (16) 

The convergence problem of convex combination model is equivalent to range expansion 
problem of ( , )F qx , and it has at least two order of convergence, so to construct a convex combination 
model of Schur convergence disturbance characteristics based on functional theory, and it is 
convergent. 

Optimal classification model based on stochastic functional analysis 
Based on the above analysis, boundary value convergence problem of this kind of stochastic 
functional differential equation is analyzed, optimization classification theory of SVM is taken, by 
adding reduction type support vector machine training sample set processing algorithm, to improve 
the stability and convergence of the solution of the stochastic functional characteristics. The 
standard solution of support vector machine is expressed as: 
 

 
0 , 1 1 1

1min ( , )
2i

l l l

i j i j i j i jc i j i i
W y y K x x b y

α
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≤ ≤
= = =
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 
∑ ∑ ∑  (17) 

Where, ( , )i jx x  is the data sample, b  is the Lagrange operator, sample set is: 
 { }1 1( , ), ,( , )l lS x x x x=    (18) 

According to the convex optimization KKT theorem, the formula (18), the first-order derivative 
is solved, the standard support classification KKT condition for convex optimization is available: 

 ( , ) 1i j i j i j i
j

G y y K x x y bα= + −∑  (19) 

KKT convex optimization condition is expressed as: 

 
0, 0
0,0
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Where, 
1

0
l

i i
i

yα
=

=∑ , RS , SS  and ES  are three sub sets of SVM training set, respectively they are: RS

— the redundant vector set; SS -- margin support vector set; ES -- -- wrong classification support 
vector set. In order to effectively obtain increase adjustment training sample set of optimal features, 
based on learning algorithm, need to build rules to update the corresponding increase or decrease, 
so that after the adjustment of the sample set, it is still satisfy the convex optimization conditions of 
standard support vector machine, asymptotic stability is analyzed, and (0)

X  is divided into 
(1) (2) ( )

, , ,
N

X X X , (0) ( )
1

N i
i

=
=

X X , set: 
 ( )

max ( )
1

i
W WN i N

=
∞≤ ≤

X  (21) 
Assumed { }qN  is monotonically increasing, 1qN ≥  and when N → ∞ , get qN → ∞ , after the limited step 

length calculation, the disturbance feature functional is: 
 ( )

min {inf ( , )}
1

i
F qN Ni N

α =
≤ ≤

X  (22) 
the line approximation error continuous edge stability analysis is taken for stochastic functional 

value, the control function is: 
 1 2( ) ( ) ( ( ) ( )) 2, ( ) ( ) [ ,0]x t Ax t Bx t d t d t x t t t hφ= + − − = ∈ −  (23) 

In order to realize the optimization classification in the SVM, input new vectors into the support 
vector machine: 

 0 1 1( ) ( ( ), ( ), , ( ))T
kx t x t x t x t−= ⋅ ⋅ ⋅  (24) 

For ( )x t , calculate the Euclidean distance to the output nodes with weighted vector, it can be 
expressed as: 
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Where 0 1 , 1,( , , )T
j j j k jω ω ω ω −= ⋅ ⋅⋅ , ˆ0, 0Nε∀ > ∃ > , 当 ˆN N> , min ( ( ) )

(0)
e f N

x X
α e= − <

∈
x , the boundary conditions are 

incorporated into the stochastic functional elliptic function, according to the set sS , sample add 1, the 
set mobiles with marginalization. The optimization output is: 

 ( ) ( )* * * *\ \
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In the phase space, when the dimension is added from m  to 1m + , the distance is shown as: 

 ( )
2( 1) 2 ( ) 2
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Where, sQ  is shown as the mean value of judge statistical quantity. According to the S value 
which determines classification and nonlinearity of the data series, 5%α = , if the difference value of 

0Q and sQ overcome a critical value cQ , make ( )0 0.05s cp Q Q Q− > ≤ , the standardized normal 
distribution meets the condition: 
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While, ( )

( ) 0
k

W →
∞

X , sandwich theorem by stochastic functional differential equation with 
perturbation is： 

 min ( ( , ) ) 0
(0)

f q Nk
x X

α− →
∈

x  (29) 

Then, 0, 01Nε∀ > ∃ > , while 1N N> , in the subspace, the boundary value solution: 

 min ( ( , ) )
(0) 2

f q Nk
x X

ε
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While ( , ) ( )f q fk →x x , that 02N∃ > , then:  
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(0) 2

f q fk
x X

ε
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∈
x x  (31) 

Therefore, take ˆ max{ , }1 2N N N= , while ˆN N> , then: 
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ee
e

= −
∈

= − − −
∈

< + =

x
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Thus, the singular decomposition is taken with conjugate gradient method, the boundary 
conditions are incorporated into the stochastic functional elliptic function, and stochastic functional 
differential equations boundary value of convex combination model is convergent.  

Numerical simulation test 
Based on the MATLAB software, the simulation is taken for test the performance of the algorithm 
in data classification. Stochastic functional optimization classification is taken for the kernel 
function as above, and the KDD_CUP2012 database is used in simulation for data classification, 3 
data sets are taken as the samples, collecting 3 data sets, respectively, the amount of data are 50, 
100, 150, and 200200, 200 times number of iterations are taken in simulation, validate the algorithm 
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in the realization of data classification, mathematical model for data classification is constructed, 
data set classification results are shown in Figure 1. 
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(a)database1                    (b)database2                 (c)database3 

Figure 1 Data set classification results 
From figure 1, it shows that the method has good classification performance. In order to compare 

the performance, the traditional FCM is taken in simulation, and the accuracy of classification is 
taken as the evaluation index, the results are shown in Table 1. It show that the accuracy of 
classification improved by 20.8%, it has better performance. 
 

Table 1 Accuracy of classification 

Data sets FCM 

SVM stochastic 
functional 

classification 
algorithm 

Database1 0.8224 0.94231 
Database2 0.8442 0.91678 
Database3 0.8565 0.97724 

 

Conclusions 
In this paper, a class of stochastic functional differential equation boundary value convergence 
problem is researched, and the support vector machine (SVM) optimization classification theory is 
taken for the data classification, and the training sample set processing algorithm is proposed based 
on the stochastic functional analysis, the stability and convergence of the stochastic functional 
characteristics is improved, new algorithm can effectively absorb or eliminate redundant 
information and avoid additional data, the small positive semidefinite minimum feature of the 
stiffness matrix is given, the asymptotic convergence condition of Stochastic Functional Differential 
Equations is obtained, and the boundary value is solved. KDD_CUP2012 database is used in 
simulation for data classification, simulation results show that, the classification model can classify 
all kinds of data and reorganize the data effectively. It can improve the data processing ability, 
guarantee the convergence of stochastic functional differential equations boundary value. The 
research has good application value. 
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