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Abstract —  Network coding technology has solved the problem that traditional routers only for simple store-and-forward data and 
data transfer rate cannot achieve the maximum network transmission flow. Network coding optimization method based on 
improved fractal dimensional algorithm research the way use network coding to identify the encoding scheme in the single-source 
multi-output network. Finally, according to the affine transformation instance, it can be seen that the improved encoding algorithm 
reduce the number of affine transformation and accelerate the encoding speed. 
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I. INTRODUCTION 

With the rapid development of computer networks and 
the constantly enhance of the network function, the 
traditional way of network data transmission using router as 
the important network relay to transport data from the 
transmitting end to the receiving end. The router handle of 
network data based on simple store and forward without any 
data compression processing. Network coding can code the 
received information at a network node, information 
compression and prove in multicast communication, such 
coding process can make the network information 
transmission rate achieve network maximum flow get by he 
maximum flow and minimum cut in theory. 

Network coding is a major breakthrough in the field of 
information transmission theory, has important theoretical 
value and broad application prospects [1]. The core idea is to 
allow nodes on the network handle and disposal the 
information transmitted in the multicast transmission, so that 
the multicast transmission can achieve its theoretical 
transmission capacity [2]. 

Research on network coding optimization problem has 
made some achievements. The literature [3] proved that 
network coding resource optimization problem is NP-
complete problems. The literature [4] proved that coding on 
Steiner edge can achieve the maximum multicast rate in 
theory. The literature [5] proved the case find the upper 
bound, lower bound of the coding nodes number based on 
simple network (each network node degree with 3 or less 
network).  

Thought the fractal dimension algorithm, this paper 
improve and optimize network coding to search for the 
encoding scheme make the coding link number minimum. 
Thought the example, we can see that the improved coding 
algorithm can appropriately reduce the number of affine 
transformation and accelerate for the encoding speed. 

II. THE BASIC CONCEPT OF NETWORK CODING 

A. The basic concept of network flow 

 When ),( EVGG  meet the following conditions, it 
is called Network ： 

(1)One and only one vertex with  the into-degree of 
0,called source node； 

(2)One and only one vertex with  the out-degree of 
0,called sink node； 

(3)Each directional edge ),( jie   has a corresponding 

Non-negative  ijC
, called capacity of edge e. 

Figure 1 shows a network flow graph, the source node is 
A, the sink node is Z, the capacity of directional edge (A,B) 

is 3ABC . 
If G is a network flow graph, a flow F in G give a non-

negative ijF
 to each directional edge ),( ji , meet: 

       (1)For all the directional edge ),( ji , it meets 

ijij CF 
. 

(2)For all the middle node },{ tsVi  , it meets 

 
i

ji
i

ij FF
,  it shows that the flow into the node is 

equal to flows out of the node in the middle node. 

(3)For the source node s ,it meets 

wF
s

sj 
; for the 

sink node t, it meets 

wF
t

jt 
. w  is the flow of network 

flow F. 
 

t
jt

s
sj FF

 shows that the flow out of source 
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node is equal to the flow into sink node. So the middle node 
in network Just play the role of pipelines [6]. 

 

 
Figure 1.  network flow graph 

B. The basic principles of network coding 

The basic idea of network coding is introduce the concept 
of coding in the middle node of communication network. 
Allow middle node do some processing similar to the linear 
combinations to a plurality of input information, then send 
the processed information to the next node, The destination 
node get the original information source transmitted thought  
the decoding process to A plurality of information. 

In the network of Fig.2, the encoded information 
transform on the WX link can be seen as a (or b)  travel by 
the information b (or a), enhance the information transmitted 
per unit of time and mention the network throughput. 

 

Figure 2.   (a)The traditional routing way  

 

Figure 2 (b)The network coding way 

III. THE MATHEMATICAL BASIS OF FRACTAL DIMENSION 

ALGORITHM 

A.   The definition of Fractal Dimension Algorithm 

Definition 1: all the topology of discrete set TD is 0. In a 

set F , if the edge of each point Any small neighborhood 

has topology 1 nDT , n  is integer ,then the topology 

dimensional TD  of set F is n  dimensional[7]. 

   Set U  is a loophole set of n  dimensional Euclidean 

space
nR ，define the maximum of the distance of each two 

points as the diameter of U, singed as
U

. then 

},:}sup{ UyxyxU 
                  （1） 

For set 
nRF  , if F can be covered by a limited 

number of set 
}{ iU

 which diameter Less than or equal , 
then 

iUOUF ii
i

 ,
                    （2） 

Call 
}{ iU

is a  coverage of  F. 

set
nRF  , s is a non-negative real number, for all 

 >O, Define 

}inf{)(
1






i

s

i
s UFH

                           （3） 
In order to get all the under certain edge get by the 

coverage which diameter is less than or equal ,and when 

  Reduce ,then 
sH  increase. About the limit of  , call 
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ss HFH  0
lim)(



                                    （4） 

As the s dimensional Hausdroff measure. 
For all s, the above limit is exist, but always 0 or  . 
The Hausdroff measure Promote concepts of length, area 

and volume . It can be proved, the difference between n 

dimensional Hausdroff measure of each set in 
nR  and the n 

dimensional volume only  a constant multiple(when n is a 
integer)[8]. 

Definition 2: the Hausdroff dimensional of set F: 

})(:sup{}0)(:inf{  FHsFHsD ss

   （5） 
Hausdroff dimensional has the advantage that it has 

definition for each set F, and the disadvantages is that it is 
hard to calculate or estimate its value . But it is one of the 
most important and the most commonly used definition in 
the various Fractal dimension definition. 

For set F in the Euclidean space 
nR ,the Similarity of the 

two kinds of dimensional TD and D  is their values are In 

the range of 0 to n, but dimensional TD  must be a integer, 
the two kinds of dimensional need not be equal, they just 
need to meet the E.Szpilrajn Inequality: 

TDD                                                      （6） 
Thus, each set’ Hausdroff dimensional always greater or 

equal to the  topology dimensional. 

B.   Metric space 

The foundation of modern mathematics are three spatial 
structure, namely algebraic structure, topology structure and 
measure structure. Metric space is a special topological space 
using the metric or distance to define topology. it usually 

note as  ),( dX . In which,  
2RX   is a non-empty closed 

set, d is the metric of X . 

Set ),( dX  as a complete metric space, note the plenary 

od the non-empty closed set of  X  as )(X . 
Definition 3:  define the Hausdroff  measure h between 

the two subset is: 
}),(sup),,(supmax{),( AydBxdBAh

ByAx 


 
BA,                              (7) 

Define the distance form point x  to subset B is:  
});,(inf{),( ByyxdBxd   BAx ,    (8) 

As the subset of )(X  defined the measure h, and 
），（ h)(X  is a measure space, so the fractal plane is 

element of the space. 

Theorem 1 : set ),( dX  as a complete metric space, then 
），（ h)(X  is a complete metric space. If 

},...,2,1:)({  nXAn  is a A.L Cauchy Sequence, 
then 

)(lim XAA n
n


                                 （9） 

Definition 4: set XXw :  as a mapping on basic 

space ),( dX , if exist a Normal number 1c , meet 
 

),())(),(( yxdcywxwd   
Xyx ,                                                     （10） 

Then call w  as a  Compression map on ),( dX , c as a 
Compression factor. 

C.  The iterated function system(IFS) 

Definition 5: the complete metric space ),( dX  and 

compression map XXw : (the compression factors are: 

nccc ,...,, 21 ) compose a iterated function system, it called 

for short is IFS, referred as 
},...,,;{ 21 nwwwX

. 
),...,,max( 21 ncccc 

 is the Compression factors of IFS. 

Theorem 2 : set 
};,...,,;{ 21 cwwwX n  as the IFS of 

),( dX , then 

)()(
1

BwBW i

n

i




 

  )(XB               (11） 
Form the Publicity 11: 

),())(),(( BAhcBWAWh                （12） 
The Fixed point  can be obtained by the following 

iteration: 

)(lim BWA n

n 


  )(XB                （13） 
In which: 

))(()(),()( 10 BWWBWBWBW nn   

D. Affine Transformation and the Fractal Structure 

 For the transformation 
nn RRW : , if there is a n  × 

n  matrix A  and a n  dimensional vector b  to make 

)()( nRxbAxxW                           (14) 
W  is called an affine transformation. In general, an 

affine transformation can be regarded as to make a linear 

transformation Ax  for x  firstly, then the Ax  is made a 

translation by being given a vector b . This is a kind of 
compound operation of transformation.  

Affine transformation W  in the solid surface 
2R  

usually can be expressed as 
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Using the polar form, it can be further expressed as 
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Where sr,  are expressed the scaling in x  and y  

direction respectively.  ,  are expressed the rotation angle 

in x  and y  direction respectively. fe,  are expressed the 

position offset in x  and y  direction respectively. There are 
four types of planar affine transformation which have 
obvious geometric meaning, they are shown as follows, 
respectively, that’s, 
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Where sA
 is the scale transformation, tA

 is the 

elongation transformation, uA
 is the shear transformation, 

A
 is the rotation transformation. They are shown in the 

figure 3. It can be seen that sA
 and A

 are the similarity 

transformation, and tA
 and uA

 are the non-similarity 
transformation. 

 
Figure 3.  Figure 3 Four Plane Affine Transform 

IV. FRACTAL CODING ALGORITHM OPTIMIZATION 

A. The affine transformation reduction experiment and 
analysis 

After the research for the fractal coding of multiple 
images, count 7 kinds of affine transformation probability 
situations used in the encoding process for Part of images. In 
the 7 kinds of affine transformation, the Probabilities used in 
the affine transformation are not the same value. And the 
size of the domain block division also affect the probability 
of seven kinds affine transformation are used. The 
probabilities of the 7 kinds of affine transformation are used 
in a number of image shown in table 1. 

TABLE 1. THE PROBABILITY OF AFFINE TRANSFORMATION 

Number 0 1 2 3 4 5 6 7 

The probability 
which  is used 

 

toy 0.30 0.05 0.01 0.08 0.30 0.25 0.13 0.02 

bridge 0.32 0.07 0.01 0.11 0.17 0.12 0.19 0.05 

couple 0.25 0.16 0.00 0.06 0.06 0.18 0.18 0.10 

man 0.27 0.15 0.00 0.09 0.10 0.13 0.20 0.08 

clock 0.34 0.07 0.00 0.04 0.28 0.09 0.15 0.06 

house 0.12 0.12 0.00 0.08 0.10 0.12 0.20 0.06 

airport 0.13 0.15 0.00 0.08 0.15 0.14 0.13 0.09 

From table 1, we can see the probability of identical trans
formation being used is maximum, the next is X-axis 
symmetry. Y-axis symmetry and diagonal symmetry, 
remaining four kinds of geometric transformation was used 
less. Thought the table1 we can find that the affine 
transformation rotating 180 degrees is not used in extracting 
image fractal coding. Although it is related to the extraction 

of samples, but it also can reflect that eight kinds of affine 
transformation is not absolutely necessary in a degree. 

Form the data of table 2, we can find that, If the domain 
block divided relatively large, then the impact of affine 
transformation to coding is relatively small. It can be seen 
from table 2, when the domain block is 8 * 8, except the 180-
degree rotation affine transformation is not used, the 
probability of the rest of the affine transformation to be used 
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are substantially equal. When divided the domain block into 
8 * 8 size, the compression ratio of image will be reduced 
accordingly. therefore, if the definition domain block 

division is relatively large, we can appropriately reduce the 
number of affine transformation to accelerate the encoding 
speed. 

 TABLE II. THE PROBABILITY OF THE AFFINE TRANSFORMATION AS DIFFERENT BLOCKS DIVIDING 

Number 0 1 2 3 4 5 6 7 

The 
probabilit
y which  
is used 

 

8*8 0.14 0.25 0.01 0.13 0.14 0.12 0.13 0.19 

16*16 0.32 0.07 0.01 0.07 0.19 0.22 0.13 0.05 

32*32 0.20 0.06 0.00 0.10 0.16 0.12 0.18 0.05 

64*64 0.24 0.15 0.00 0.08 0.09 0.18 0.20 0.10 

For the facilitate research, the algorithm used in this 
experiment Without accelerated processing. The 
experimental results are shown in Table 3, the encoding time 

is expressed by Time. The compression ratio is expressed by 
CMP and the PSNR is expressed by PSNR. 

-ABLE III. THE AFFINE TRANSFORM RESULT 

Image Name Affine Transformation Encoding time  CMP PSNR 

Girl 8 408.14 5.62 30.0156 

Girl 4 252.10 6.12 29.6700 

Girl 1 113.98 6.62 29.0604 

 
As it can be seen from Table 3, although reduce the 

affine transformation will decline the image reconstruction 
quality, but the encoding time and the compression ratio is 
improved, and to some extent, Affine transformation 
improves the quality of images decoded. 

V. CONCLUSIONS 

The practical application of network coding significantly 
improves the network data transmission throughput. At the 
same time, due to the encoding and decoding operations 
needed additional storage and codecs overhead, Network 
coding in practical applications can not show the superiority 
of Improve throughput. Therefore, how to reduce the 
overhead of encoding and decoding is critical for network 
coding applications in practice. 
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