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Abstract—Commercial Input Queue switch faces many 

difficulties in real-time industrial communication, so a frame-

based matching algorithm is proposed. Unlike other frame-

based algorithms, this one does not need to extract and analyze 

too many characteristics of the matching demand matrix. 

Moreover, this algorithm schedules in column of the demand 

matrix and its time complexity of configuration is O(N2M). 

When applying this algorithm to 10M switch with 8/16/32 ports 

and 100M switch with 8/16 ports in simulation, compared with 

other frame-based algorithms, this algorithm can achieve a 

higher schedulable ratio with the same time complexity. At last, 

a preliminary discussion is made on solving this problem by 

genetic algorithm. 
 
Index Terms—Real-time switch; schedulable ratio; frame-

based scheduling algorithm; matching algorithm 

 

I. INTRODUCTION 

According to the degree of compatibility with “pure 

Ethernet”, modifications to “pure Ethernet” to improve its 

real-time performance and predictability may be 

categorized into two classes: modifications not 

compatible with "pure" Ethernet and modifications that 

maintain compatibility with "pure" Ethernet [1]. The 

latter can be further categorized into two subclasses: 

homogeneous solutions and heterogeneous solutions [1]. 

Homogeneous solutions provide temporal guarantees 

under the assumption that all nodes comply with the 

modifications while heterogeneous solutions do not 

require this [1]. The key of heterogeneous solutions lies 

in the use of modified switch, namely, modified switch 

structure and scheduling mechanism. Current high-speed 

switches all adopt the IQ (Input Queue) structure based 

on the Virtual Output Queue (VOQ). iSLIP is the most 

classic IQ scheduling algorithm, which has been deeply 

studied by many scholars, and various characteristic 

algorithms from different perspectives are proposed [2]-

[5]. However, due to the correlation and restriction in the 

competition of input and output, the iSLIP algorithm, its 

derivative algorithms and other cell-based algorithms are 
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difficult to implement deterministic QoS guarantee. By 

contrast, frame-based scheduling algorithm can guarantee 

deterministic QoS. Q. X. Wang et al. [6], [7] and R. Lei 

et al. [8] put forward a real-time IQ switch and relative 

evaluation method, which employs frame-based 

scheduling algorithm to offer deterministic QoS 

guarantee. Frame-based matching algorithm can achieve 

certainty, but its complexity is much higher than the RR 

(Round Robin) algorithm. How to achieve a high 

schedulable ratio under a medium complexity to ensure 

the real-time communication is the focus of the study. 

Based on the frame-based matching algorithm reported 

by Q.X. Wang et al. [6], [7], this paper presents a new 

frame-based matching algorithm, which can achieve a 

higher schedulable ratio with relatively low complexity. 

The rest of this paper is organized as follows. Section 2 

introduces the structure of IQ switch and the cell 

management mechanism, which are suitable for this 

algorithm. Several key elements of the matching demand 

matrix are involved in section 3. Section 4 presents the 

matching scheduling algorithm and its evaluation means. 

In section 5, the proposed matching scheduling algorithm 

is tested. And its schedulable ratio under different load 

rate is analyzed. Besides the previous scheme, another 

method based on genetic algorithm is discussed 

preliminarily in section 6. Section 7 summarizes the 

paper. 

II. SWITCH STRUCTURE AND CELL MANAGEMENT 

Set three Virtual Priority Queues (VPQ) before the 

VOQ on each input port. Taking source port x as an 

example: packets arriving at the input port enter VPQxpr 

(periodic real-time data queue), VPQxsr (sporadic real-

time data queue) and VPQxnr (non-real-time data queue) 

respectively according to their priority fields. The link 

scheduling logic allocates different bandwidth for each 

VPQ. The packet is then split into several fixed-length 

cells to simplify the matching scheduling logic, and the 

cells enter relevant VOQ according to their destination 

port address. Each VOQ consists of two subqueues, 

VOQxyp and VOQxyap. The former holds periodic cells 

while the latter holds aperiodic cells. And x and y are 

source and destination port number, respectively. The 

record vector records the arrival of cells in a switch 

period. Each source port corresponds to a record vector, 

whose content is destination port number of the arriving 
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cell. If no cell arrives in a cell's time, the destination port 

number is recorded 0. If the switch period is divided into 

M cell time, the vector length is M. And if the number of 

ports is N, the record vectors of each port constitute an 

N*M record matrix of the period. Each column represents 

a cell time and each row represents a source port. The 

demand vector is the input of matching scheduling logic. 

Each output port corresponds to a demand vector that 

indicates the following information: which source ports 

will be received by the destination port during the period. 

The element of demand vector is the source port number. 

And if a port number is 0, it means that the destination 

port is free in this cell time. The N demand vectors of N 

destination ports constitute an N*M demand matrix, with 

each column representing a cell time and each row 

representing a destination port. Generation of demand 

matrix relies on record matrix. For the generation of 

periodic demand matrix, only the occurrence number and 

located row of each destination port need to be taken into 

account. Then fill the above row number in the row of 

demand matrix (the row number of demand matrix is the 

corresponding destination port). The scheduling matrix is 

the basis of port matching. It is an N*M matrix, with each 

column representing a cell time and each row 

representing a destination port. The element of the 

scheduling matrix is the source port number, where the 

element k in row i and column j represents in the jth cell 

time, destination port i matches source port k. A valid 

scheduling matrix requires that non-zero elements in each 

column differ from one another. 

III. KEY ELEMENTS OF DEMAND MATRIX 

Generally, the design of frame-based matching 

algorithms requires attention to the following indices of 

the demand matrix (Ind1-Ind3). For illustration purposes, 

define the auxiliary parameter Def1-Def3. 

Def1. Scheduling matrix: an N*M matrix to store the 

result of matching scheduling. 

Def2. Status matrix: an N*M matrix B, whose element 

bij corresponds to the element of the scheduling matrix 

one by one. And bij only takes 1 or 0, which means that 

the destination port i is busy or free in the cell time j. 

Def3. Array of available cell time records: when 

scheduling for a port number in demand matrix, save an 

array of available cell time records called JNM for port N. 

If an element of JNM is set to 1, it means that the cell time 

is already used by port N. 

Def4. The remaining cell time per row of the 

scheduling matrix: let Li represent the remaining cell time 

of row i, and its initial value is M. 

Ind1. Occurrence frequency of each source port 

number per row in demand matrix: let the occurrence 

frequency of source port k per row be fk. The larger the fk, 

the higher priority the port k has in the scheduling. 

Ind2. Occurrence frequency of each source port 

number in a row of demand matrix: let 𝒕𝒌
𝒊  be the 

occurrence frequency of source port number k in row i, 

the larger the 𝒕𝒌
𝒊 , the higher priority the port k has in the 

scheduling. 

Ind3. The remaining non-conflicting cell time of each 

source port number in each row of the scheduling matrix: 

let 𝒔𝒌
𝒊  be the remaining non-conflicting cell time of source 

port k in row i. The initial value of 𝒔𝒌
𝒊  is 𝑳𝒊 − 𝒕𝒌

𝒊 . The 

smaller the 𝒔𝒌
𝒊 , the higher priority the port k has in the 

scheduling. 𝒔𝒌
𝒊  changes continuously and the general 

expression of 𝒔𝒌
𝒊  is 

 𝒔𝒌
𝒊 = 𝑳𝒊 − 𝒕𝒌

𝒊 − ∑ 𝑱𝒌𝒋
𝑴
𝒋=𝟏 ∙ (𝟏 − 𝒃𝒊𝒋) (1) 

Ind4. Total occurrence frequency of each port number 

in the demand matrix.  

To extract the information from demand matrix, a 

quaternion (Po, Li, t, s) is defined, where t and s represent 

the occurrence frequency and the remaining non-

conflicting cell time of source port Po in row Li, 

respectively. N*N such quaternion can be extracted from 

an N*M demand matrix. The key of matching algorithm 

is to determine the scheduling priority of the N*N 

elements, and then fill the element Po in the row Li, 

namely filling the matrix in row. Among the four indices 

that affect the schedulable ratio of matching scheduling 

mentioned above, Ind3 is the most ideal index. Each time 

select the element with the smallest s value to schedule 

from the remaining elements, which can achieve the 

highest schedulable ratio but results in a rather high 

complexity. In fact, Ind1, Ind2 and Ind4 are implicitly 

included by Ind3 and only Ind3 is the most 

comprehensive index of demand matrix. But Ind3's 

calculation and ranking are the major time cost. On the 

contrary, Ind1, Ind2 and Ind4 are fixed values, which can 

be determined by traversing the demand matrix once at 

the initial stage. However, only considering these three 

indices cannot achieve a high schedulable ratio. 

In this paper, an algorithm is put forward which can 

achieve a high schedulable ratio only taking Ind4 into 

account. 

IV. MATCHING SCHEDULING ALGORITHM 

A. Auxiliary Functions 

1) Initialize 

The main functions: i. Reset the record matrix R[N][M] 

and demand matrix D[N][M], where N is the number of 

input(source)/output(destination) ports and M is the 

number of time slots. ii. Set the load, 

conv=(int)N*M*MRATE, where MRATE is the load rate. 

iii. Randomly select conv port numbers. iv. Put the conv 

port numbers into port pool and reset the unused part of 

port pool.  

2) Record matrix generation 

Assign values to each element in the record matrix of 

𝑵 ∗ 𝑴 successively, and the values are randomly selected 

from the port pool after initialization. When an element in 

the port pool is selected, the element will be deleted from 

the pool, and the total pool size will be reduced by one. 
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3) Demand matrix generation 

Fill the information of record matrix into demand 

matrix. The relationship between the two matrices is 

shown in Fig. 1. 

1. int i,j,k,c;

2. int col[N];

3. for(c=0;c<N;c++)

4. {

5.     col[c]=0;

6. }

7. for(j=0;j<M;j++)

8. {

9.    for(k=0;k<N;k++)

10.    {

11.       if(R[k][j]!=0)

12.       {

13.          i=R[k][j]-1;

14.          D[i][col[i]]=k+1;

15.          col[i]++;

16.       }

17.    }

18.}  
Fig. 1. The relationship between the record matrix and the demand 

matrix 

B. Core Functions 

1) asort function: sort port number according to their 

total remaining quantity. The source code is shown in Fig. 

2. The input parameter is a structure pointer defined as 

struct info{int value; int num; }, which is used to record 

the number (num) of port x (value). 

 

1.void asort(struct info *p)

2.{

3.   struct info temp;

4.   int i,j,k;

5.   for(i=1;i<N+1;i++)

6.  {

7.      k=i;

8.      for( j=i+1;j<N+1;j++)

9.       if(p[j].num>p[k].num||\

          (p[j].num==p[k].num&&p[j].value<p[k].value))

10.         k=j;

11.       {temp.num=p[i].num;temp.value=p[i].value;

12.       p[i].num=p[k].num;p[i].value=p[k].value;

13.       p[k].num=temp.num;p[k].value=temp.value;}

14.  }

15.}

 
Fig. 2. Source code of asort function 

1.int sech(struct info *p,int ii,int j)

2.{

3.   if(D[ii][j]!=-1) return 0;

4.   if(B[p->value][ii]){

5.       D[ii][j]=p->value;

6.       B[p->value][ii]--;

7.       p->num--;return 1;}

8.   return 0;

9.}           
Fig. 3. Source code of sech function 

2) sech function: find the remaining number of a port 

in line ii. If the remaining number is not zero, fill the port 

number in row ii and column j of the scheduling matrix, 

and update the remaining number in row ii and the total 

number of the port. The source code for this function is 

shown in Fig. 3, where array D[N][M] is the 

demand/scheduling matrix and array B[N][N] records the 

real-time number of port N in row N.  

3) sechzero function: at the end of each column filling, 

check whether the column exists any unfilled positions 

row by row. If so, fill them with 0 and update the 

remaining number of 0 in relevant row and the total 

remaining number of 0. If a row is not filled and no 0 can 

be found in that row, the scheduling fails. The source 

code for this function is shown in Fig. 4. 

1.int sechzero(int k,int j)

2.{  int i=0;

3.   while(i<N&&k<N)

4.   {

5.       if(D[i][j]==-1){

6.         if(B[0][i])

7.           {D[i][j]=0;B[0][i]--;A[0].num--;k++;}

8.         else return 0;

9.         }          

10.       i++;

11.  }

12.  return 1;

13.}  
Fig. 4. Source code of sechzero function  

C. Core Algorithm 

Matching algorithm is to exchange elements in each 

row of the demand matrix at the configuration stage 

before every switch period, so that there is no input port 

number conflict in each column of the scheduling matrix. 

Generally, the matching algorithm schedules in row. But 

the proposed algorithm takes the column of demand 

matrix as the scheduling unit. Moreover, the algorithm 

does not completely rely on the characteristics of the 

demand matrix (Ind4 only). The input is an N*M demand 

matrix D and output is also an N*M scheduling matrix. 

Scan matrix D to record its relevant information and then 

carry out the core scheduling.  

The core algorithm’s description is shown in Fig. 5. 

1.for(j=0;j<M;j++)

2.{ii=0;i=1;kk=k=0;asort(A);

3.   while(k<N&&A[i].num)

4.   {

5.       if(sech(&A[i],ii,j))

6.       {k++;

7.         ii=(ii+1)%N;

8.         i++;

9.         kk=0;         

10.      }

11.     else if(kk<N-1){ii=(ii+1)%N;kk++;}

12.     else {kk=0;i++;}

13.  }

14.  if(k<N){if(!sechzero(k,j))return ;}}
 

Fig. 5. Core algorithm source code 
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The following explains key lines of the algorithm 

description. Line 1: loop from the first column to the last. 

Asort in line2: at the beginning of each column’s 

scheduling, sort the total remaining number of each port 

so as to determine the priority of port number. The larger 

the remaining number, the more prior the port number 

has. Sorting result is stored in the auxiliary variable 

structure array A[N], in which the real-time information 

of the port number 1~N is included. Suppose the current 

port number being scheduled is A[i].value, A[i].num 

refers to current number of the port A[i].value. Loop 

condition in line 3: if N rows of current column (column j) 

are not completed and the number of port to be filled in is 

not 0. k is used to record the completion degree of this 

column. Sech function in Line 5: if A[i].value is found in 

line ii, it is filled at row ii and column j in matrix D and 

relevant information are updated. Line 7-8: because the 

element of this row in column j has been occupied, the 

next port number must be located from the next row. kk 

in line 9 is used to record the number of rows been gone 

through during the search. Line 11: if the port number is 

not found in line ii and N rows have not been traversed 

yet, continue searching at row ii+1 (go back to the 

beginning of the while loop right now, and if the sech 

function found the port number in row ii+1, fill it at row 

ii+1 and column j of scheduling matrix). Line 12: start for 

the next port number. Sech zero function in line 14: if N 

rows of a column are not fully completed, namely, 

existing undetermined locations, see if there is a 0 to fill 

in or return a scheduling failure if there is no. 

In the scheduling of M columns, the priority ranking of 

N port numbers is carried out and the complexity is 

O(NlogN). On the other hand, N port numbers in A[N] 

traverse the N rows of a column and the complexity is 

O(N
2
). The two process are parallel, so the total time 

complexity is O(N
2
M). 

V. TEST 

This section tests the proposed matching scheduling 

algorithm in CodeBlocks, for 8/16/32 ports switches with 

10M/100M port rate, respectively. 1000 random 

experiments are carried out under different load rates. 

Different load rates are reflected by the number of non-

zero elements in the randomly generated legal record 

matrix and the schedulable ratio is averaged. Under the 

same random input, this algorithm is compared with 

another frame-based scheduling algorithm called LS 

proposed in ref [6], [7]. Table I~III shows the load rate - 

schedulable ratio relationship of both algorithms when 

applied to 8/16/32-port 10M switch. Table IV~VI shows 

the load rate - schedulable ratio relationship of both 

algorithms when applied to 8/16/32-port 100M switch. 

The period is 1ms and cell is 500bit. 

TABLE I: 8 PORT, 10MBPS PORT RATE (20 TIME SLOTS) 

Load rate Schedulable ratio of 

LS algorithm  

Schedulable ratio of 

this algorithm 

0.4 1.000 1.000 

0.45 1.000 1.000 

0.5 1.000 1.000 

0.55 1.000 1.000 

0.6 0.999 0.998 

0.62 1.000 0.998 

0.64 0.998 0.993 

0.66 0.991 0.986 

0.68 0.989 0.984 

0.7 0.970 0.970 

0.72 0.962 0.936 

0.74 0.922 0.931 

0.76 0.861 0.911 

0.78 0.795 0.866 

0.8 0.623 0.779 

0.82 0.468 0.702 

0.84 0.343 0.600 

0.86 0.191 0.482 

0.88 0.075 0.337 

0.9 0.022 0.172 

0.92 0.006 0.095 

0.94 0 0.026 

0.96 0 0.012 

0.98 0 0 

1.0 0 0 

TABLE II: 16 PORT 10MBPS PORT RATE (20 TIME SLOTS) 

Load rate Schedulable ratio of 
LS algorithm  

Schedulable ratio of 
this algorithm 

0.4 1.000 1.000 

0.45 1.000 1.000 

0.5 1.000 0.999 

0.55 1.000 0.999 

0.6 0.992 0.987 

0.62 0.989 0.992 

0.64 0.981 0.982 

0.66 0.966 0.964 

0.68 0.917 0.960 

0.7 0.856 0.919 

0.72 0.751 0.877 

0.74 0.648 0.852 

0.76 0.511 0.727 

0.78 0.309 0.660 

0.8 0.157 0.532 

0.82 0.067 0.421 

0.84 0.024 0.258 

0.86 0.002 0.105 

0.88 0.002 0.039 

0.9 0 0.006 

0.95 0 0 

1.0 0 0 

TABLE III: 32 PORT 10MBPS PORT RATE (20 TIME SLOTS) 

Load rate Schedulable ratio of 

LS algorithm 

Schedulable ratio of 

this algorithm 

0.4 1.000 1.000 

0.45 1.000 1.000 

0.5 0.999 0.998 

0.55 0.995 0.993 

0.6 0.959 0.984 

0.62 0.902 0.977 

0.64 0.809 0.952 

0.66 0.708 0.912 

0.68 0.533 0.896 

0.7 0.342 0.852 

0.72 0.188 0.751 

0.74 0.086 0.671 

0.76 0.021 0.546 

0.78 0.007 0.399 

0.8 0 0.249 

0.82 0 0.126 

0.84 0 0.045 
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0.86 0 0.010 

0.88 0 0.001 

0.9 0 0 

0.95 0 0 

1.0 0 0 

TABLE IV: 8 PORT 100MBPS PORT RATE (200 TIME SLOTS) 

Load rate Schedulable ratio of 

LS algorithm  

Schedulable ratio of this 

algorithm 

0.4 1.000 1.000 

0.5 1.000 1.000 

0.55 1.000 1.000 

0.6 1.000 1.000 

0.65 1.000 1.000 

0.7 1.000 1.000 

0.75 1.000 1.000 

0.78 0.999 1.000 

0.8 0.991 1.000 

0.82 0.952 0.998 

0.84 0.853 0.996 

0.86 0.631 0.987 

0.88 0.305 0.945 

0.9 0.069 0.889 

0.92 0.010 0.711 

0.94 0 0.437 

0.96 0 0.116 

0.98 0 0.005 

1.0 0 0 

TABLE V: 16 PORT 100MBPS PORT RATE (200 TIME SLOTS) 

Load rate Schedulable ratio of 

LS algorithm  

Schedulable ratio of this 

algorithm 

0.4 1.000 1.000 

0.5 1.000 1.000 

0.55 1.000 1.000 

0.6 1.000 1.000 

0.65 1.000 1.000 

0.7 1.000 1.000 

0.75 1.000 1.000 

0.78 1.000 1.000 

0.8 1.000 0.999 

0.82 1.000 0.999 

0.84 0.992 0.993 

0.86 0.965 0.947 

0.88 0.830 0.870 

0.9 0.374 0.698 

0.92 0.031 0.388 

0.94 0 0.093 

0.96 0 0.002 

0.98 0 0 

1.0 0 0 

TABLE VI: 32 PORT 100MBPS PORT RATE (200 TIME SLOTS) 

Load rate Schedulable ratio of 

LS algorithm  

Schedulable ratio of this 

algorithm 

0.4 1.000 1.000 

0.5 1.000 1.000 

0.55 1.000 1.000 

0.6 1.000 1.000 

0.65 1.000 1.000 

0.7 1.000 1.000 

0.75 1.000 1.000 

0.78 1.000 0.999 

0.8 1.000 0.999 

0.82 1.000 0.997 

0.84 0.999 0.973 

0.86 0.986 0.919 

0.88 0.911 0.789 

0.9 0.666 0.551 

0.92 0.172 0.167 

0.94 0.001 0.015 

0.96 0 0 

0.98 0 0 

1.0 0 0 

 

It can be seen from the tables that, for the 8/16/32 port 

10M switch and 8/16 port 100M switch, the schedulable 

ratio of the algorithm proposed in this paper is improved 

when compared with that of the LS algorithm under the 

same load condition, and the configuration time 

complexity of both algorithms are O(N
2
M). Furthermore, 

the idea of this algorithm also deviates from the frame-

based algorithm’s traditional design idea. That is to say, it 

is less dependent on the characteristics of the demand 

matrix. However, compared with LS algorithm, this 

algorithm fails to improve the schedulable ratio of 32 port 

100M switch. In other words, this algorithm will become 

inefficient for a large number of time slots. The main 

reason is that, with the increase of the time slots and port 

number, the difference between the occurrence 

characteristics of each port number diminishes, so the 

method of this algorithm for judging the scheduling 

priority losses efficacy.  The same will happen in other 

scheduling algorithms that only rely on ind1, ind2, and 

ind4. Because no indices can reflect the scheduling 

requirements of current port numbers so timely and 

comprehensively like ind3. 

VI. A PRELIMINARY DISCUSSION 

Solving this problem by genetic algorithm is discussed 

preliminarily here. Heuristic search algorithm is not the 

first choice to solve such problem, because its complexity 

is too high to meet the real-time requirement. Unless the 

scheduling table is generated offline, but it can only cope 

with the fixed communication. However, with the rapid 

development of computer hardware technology, CPU 

computing speed is getting higher and higher, and it is 

more likely to implement the heuristic algorithm in the 

switch as well. On the other hand, in this problem, the 

characteristics of demand matrix/scheduling matrix are 

very suitable for the crossover operation of genetic 

algorithm. Therefore, the following is a brief discussion 

on the implementation of this scheme. 

A. Encoding and Fitness 

For the sake of illustration, let N=4, M=5, namely, a 

4*5 demand matrix. The chromosome is shown in Fig. 6. 

Each gene in the chromosome is the input port number. 

The chromosome can be observed from “segment view” 

or “section view”. Firstly, the basic operations on 

chromosomes are in segment. In the figure, the 

chromosome is divided into N segments, and the 

segmentation line (thick line) between segments is the 

cut-off point of chromosome in subsequent crossover 

operation. Similarly, mutation and storage of 

chromosome are also done from “segment view”. On the 

other hand, from the “section view”, chromosome is 

divided into M sections by column. The better the quality 

of a chromosome, the more the good sections it has. 
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Good sections are columns without port number conflicts. 

Thus, section view is mainly used for chromosome 

quality evaluation. At the beginning of the program, 5 

elements of each segment are randomly arranged to 

generate a chromosome with 4 segments. In this way, a 

number of chromosomes are randomly generated to form 

an initial population, assuming the population size is G. 

The fitness for the evaluation of individuals in the 

population can adopt the number of sections that exist 

port conflicts or the total conflict frequency. The smaller 

the fitness, the better the chromosome is. 

d11 d12 d13 d14 d15

d21 d22 d23 d24 d25

d31 d32 d33 d34 d35

d41 d42 d43 d44 d45

Chromosome: 

d11 d15 d24 d33d12 d13d14 d21 d22 d23 d25 d31 d32 d34 d35d41 d42d43 d44 d45

Segment 

Demand matrix

Section

d11

d21

d31

d41

d12

d22

d32

d42

d13

d23

d33

d43

d14

d24

d34

d44

d15

d25

d35

d45

 
Fig. 6. Chromosome 

B. Crossover, Mutation and Selection 

Parent Chromosome1: 

d11 d15 d24 d33d12 d13d14 d21 d22 d23 d25 d31 d32 d34 d35d41 d42d43 d44 d45

Parent Chromosome2: 

p11 p15 p24 p33p12 p13p14 p21 p22 p23 p25 p31 p32 p34 p35p41 p42p43 p44 p45

Before crossover

Offspring Chromosome1: 

p44d11 d15 d24 d33d12 d13d14 d21 d22 d23 d25 d31 d32 d34 d35p41 p42p43 p45

Offspring Chromosome2: 

p11 p15 p24 p33p12 p13p14 p21 p22 p23 p25 p31 p32 p34 p35d41 d42d43 d44 d45

After crossover

Crossover 
point

 
Fig. 7. Crossover 

Crossover and mutation are carried out on the initial 

population with G individuals to produce the next 

generation. Then the cross-generation elite selection is 

carried out on the 2G individuals combined by the parent 

population and offspring population. Select individuals 

with the fitness of the top G as elite population of new 

generation and then proceed to the next round of 

evolution. In the selection, the fitness value of 2G 

individuals need be sorted. Compared with the clone 

immune algorithm with mutation operator as the core, the 

characteristics of the demand/scheduling matrix in this 

topic are especially suitable for the genetic algorithm 

with crossover operator as the core. Either single-point or 

multi-point crossover can be applied. In the case of single 

point crossover, the cut-off point of two chromosomes is 

randomly selected. As shown in Fig. 7, two new offspring 

chromosomes are produced after the two parent 

chromosomes exchange their segments of the same 

position. The mutation is shown in Fig. 8. Each segment 

of the new individuals after crossover will mutate with a 

lower probability, and the segment in which the variation 

occurs will be randomly selected to exchange the two 

genes in it.  

Offspring Chromosome1: 

p44d11 d15 d24 d33d12 d13d14 d21 d22 d23 d25 d31 d32 d34 d35p41 p42p43 p45

Offspring Chromosome2: 

p11 p15 p24 p33p12 p13p14 p21 p22 p23 p25 p31 p32 p34 p35d41 d42d43 d44 d45

Before mutation

Offspring Chromosome1: 

p44d11 d15 d24 d31d12 d13d14 d21 d22 d23 d25 d33 d32 d34 d35p41 p42p43 p45

Offspring Chromosome2: 

p15 p11 p24 p33p12 p13p14 p21 p22 p23 p25 p31 p32 p34 p35d42 d41d43 d44 d45

After mutation

 
Fig. 8. Mutation 

C. End Condition 

If a chromosome with a fitness value of 0 is found in a 

certain generation, the algorithm terminates, indicating 

that the matching matrix is solved, or the algorithm is 

terminated when the specified number of iteration is 

reached. 

VII.   CONCLUSION 

The current frame-based matching scheduling 

algorithms do not have high ratio of schedulable ratio to 

complexity. The main theoretical basis of the current 

algorithms is matrix characteristics, such as the 

appearance of port numbers in each row. In this paper, a 

new scheduling method is proposed which goes beyond 

traditional thinking and it has achieved good results in the 

same complexity, improving the real-time performance of 

switch. The limitation of this algorithm is that when the 

number and speed of switch ports increase, its 

schedulable ratio does not perform well. How to improve 

this deficiency without increasing the complexity will be 

the focus of the next step. In addition, for solving the 

scheduling matrix with genetic algorithm, the selection, 

crossover and mutation operators will be further designed 

and tested to ensure the convergence of the algorithm and 

improve the efficiency of the algorithm. 
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