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ABSTRACT: Properly solving the scheduling problem of flexible production workshops is of 

great significance for improving customer satisfaction and enhancing the competitiveness of 

manufacturing enterprises. Based on the theory of fitness landscape, this paper conducted a 

research on the dynamic scheduling algorithm of flexible production workshops. First, it 

studied the fitness landscape distribution based on Logistic model, and analyzed the fitness 

landscape structure based on local search; the research results suggested that the two 

neighborhood strategies proposed have the same landscape distribution law but the sizes are 

different; then, based on such research findings and the model of generalized Particle Swarm 

Optimization (PSO), this paper combined PSO with Variable Neighborhood Search (VNS) 

algorithm and designed a hybrid algorithm (HPV); after that, case tests were conducted and the 

proposed algorithm was proved to have outperformed the single neighborhood search, and it 

can solve flexible production scheduling problems quickly and effectively. This paper is of 

important significance for solving flexible production workshop scheduling problems. 

KEYWORDS: fitness landscape, flexible production workshop, dynamic scheduling 

algorithm, case test 

 

1 INTRODUCTION 

The purpose of research on flexible production 

workshop scheduling problems is to formulate 

reasonable and personalized scheduling plans for 

manufacturing enterprises to meet the diverse 

requirements of their customers, and the scheduling 

problem of flexible production workshops is an 

extension of the traditional classic workshop 

scheduling problem (Czogalla & Fink, 2012). The 

step-by-step method and the integration method are 

two main models for solving the scheduling 

problem of flexible production workshops (Mu, 

2019; Li et al., 2018; Liang, 2020; Zhang, 2019; Lu 

et al., 2014). Some researchers believe that process-

related issues, machine-related issues and 

workpiece-related issues are the three main types of 

dynamic scheduling problems (Inês et al., 2018). 

Some researchers used machine learning and 

Genetic Algorithm (GA) to solve the dynamic 

scheduling problem of single-machine workshops 

(Tangour, 2007), and some researchers adopted 

neural network expert system to study the problem 

of dynamic workshop scheduling (Shafaei & Brunn, 

2000). The fitness landscape is the digital mapping 

of structural space, which can be understood as a 

directed graph with labels. In 1991, scholar 

Manderick applied fitness landscape to the research 

of the solution space of GA (Shafaei, 1999). After 

that, many scholars applied fitness landscape to 

solve combinatorial optimization problems, and 

summarized related research methods and 

mathematical models (Audsley et al., 1992). 

Applying fitness landscape to the problem of 

flexible production workshop scheduling is helpful 

to analyzing the performance of the algorithm and 

the design of the algorithm (Cheurfa et al., 2006). 

Based on the above analysis, this paper applied 

fitness landscape to problem of flexible production 

workshop scheduling, it combined POS with VNS 

and designed a hybrid algorithm (HPV), and then, 

the effectiveness of the proposed algorithm had 

been verified through actual cases. 

2 FITNESS LANDSCAPE 

DISTRIBUTION BASED ON 

LOGISTIC MODEL 

2.1 An introduction to Logistic Model 

The Logistic model (Shafaei & Brunn, 1999) can 

be used to characterize the quantitative dynamics of 

populations. It is one of the core theories of 

population ecology. This paper applied the Logistic 

distribution model shown in formula (1) to fit data 

and study the distribution law of solutions in search 

spaces. 
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where, y is the density of the population; x is the 

time series; k is the total capacity of the 

environment under the condition of limited 

resources; x
*
=-a/b is the inflection point of the 

curve. 

2.2 Logistic distribution of the fitness 

landscape of the flexible production 

workshop scheduling problem 
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Fig. 1 Makespan distribution histogram 
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Fig. 2 Cumulative curve of Makespan 

 

The difficulty of a problem can be judged by the 

ruggedness of a landscape, and the spatial 

distribution law of the search space can determine 

the ruggedness of the landscape. In the past, 

information entropy was usually used to judge the 

distribution state of the solutions, but this method 

cannot obtain definite conclusions, it can only 

qualitatively judge the degree of aggregation and 

dispersion of the fitness landscape. As an important 

evolution mechanism of population ecology, the 

Logistic distribution model can describe the 

distribution law of an entire space simply and 

efficiently, and thereby solving various 

combinatorial optimization problems (Liu et al., 

2019). Therefore, this paper took the typical 

example FT10 as the research object, and selected 

the commonly used process-based encoding and 

decoding methods to conduct preliminary study on 

the search space. Figure 1 shows the distribution 

histogram of Makespan (the index for the 

minimized maximum completion time), which 

clearly shows the characteristics of the solutions in 

the search space. Figure 2 shows the cumulative 

curve of Makespan. This curve fitly forms a 

Logistic distribution S curve, the point x
*
 located at 

the top of the histogram is the inflection point of the 

curve; it reflects the fitness landscape state of the 

problem. When most of the Makespans are larger, 

x
* 

moves to the right, the landscape becomes more 

rugged; when most of the Makespans are smaller, x
* 

moves to the left, the landscape becomes more flat. 

3 FITNESS LANDSCAPE STRUCTURE 

BASED ON LOCAL SEARCH 

3.1 Introduction to local search 

Local search is also called the neighborhood 

search. It is usually based on single-point search, 

and no information is shared among solutions. 

Commonly-seen neighborhood operations include 

insert neighborhood and exchange neighborhood, 

and the local search algorithms mainly search for 

the optimal solution based on search strategy that 

performs neighborhood operations within a same 

code. 

3.2 Logistic distribution in local search 
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Fig. 3 Logistic distribution curve formed by the 

steepest descent method 

 

Still, the classic FT10 problem was taken as the 

research object, and the steepest descent method 

and two-point exchange neighborhood were 
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respectively adopted to study the Logistic 

distribution in the local search. Figure 3 shows the S 

curve of the Logistic distribution formed by the 

search trajectories of hundreds of initial solutions 

(particles). It can be seen from the figure that, 

compared with the Logistic distribution curve 

formed by randomly generated solutions, the 

solution set area has moved forward, indicating that 

the Logistic distribution model can evaluate the 

performance of the algorithm to a certain extent. 

3.3 Structural characteristics of the fitness 

landscape of flexible production 

workshop scheduling problems 

This paper analyzed the characteristics of 

various landscape structures of the flexible 

production workshop scheduling problems from 

three aspects: processing path constraint, scale and 

shape. The tests were carried out using the two-

point steepest descent method based on process 

code, and the specific conclusions are: 

3.3.1 Impact of processing path constraint on 

landscape structure 

The SWV instance was divided into 10×10 

instances by the split factor, and the tests were 

performed based on test conditions shown in Table 

1. The test results showed that as the split factor 

gradually increased, it’s harder to obtain the local 

optimal solution, the problem became more difficult, 

and the structure of the landscape became more 

complicated.  

Table 1. Test conditions 

Split factor Processing time 

0.19~0.51 1~100(evenly distributed) 

3.3.2 Impact of problem scale on landscape 

structure 

With a square flexible production workshop 

scheduling problem instance as the standard, the 

tests were performed based on test conditions 

shown in Table 2. The test results showed that, the 

depth and width of the landscape structure increased 

with the increase of the problem scale at a ratio th
t

gP at’s in proportion to the increase in the number 

of workpieces, but the distribution of various 

structures in the landscape had not been affected. 

Table 2. Test conditions 

n/m Split factor Processing time 

0.1~10 0.49~0.51 1~100(evenly distributed) 

Note: n/m is the ratio of workpiece to the machine 

3.3.3 Impact of problem shape on landscape 

structure 

With FT10 as the standard, the tests were 

performed based on test conditions shown in Table 

3. The test results showed that, the average step size 

and average distance change were basically the 

same, both showing a low-high-low trend as the 

n/m ratio increased. Formula (2) shows the change 

curve approximated by a normal distribution curve. 

21 0
lo g ( / ) 0 .3 9 7 8

( ) 1 7 .8 4 e x p ( ( ) )
0 .7 4 9

n m
f x


    (2) 

Table 3. Test conditions 

n/m Split factor Processing time 

1 0.49~0.51 1~100(evenly distributed) 

3.3.4  Structural characteristics of fitness 

landscape under neighborhood insertion 

This paper used neighborhood insertion to 

conduct local search, that is, perform insertion 

operation on the critical path to verify the above-

mentioned rules, so as to avoid one-sidedness of 

single local searches. The research results showed 

that, under the condition of same test instance, the 

two methods had the same landscape change law 

but the sizes were different, the landscape of the 

inserted neighborhood was broader, and this 

research finding provided an idea for the design of 

the variable neighborhood algorithm. 

4 DYNAMIC SCHEDULING 

ALGORITHM FOR FLEXIBLE 

PRODUCTION WORKSHOPS BASED 

ON FITNESS LANDSCAPE 

4.1 Introduction to generalized PSO model 

The two neighborhood strategies of PSO and 

fitness landscape theory have the same landscape 

change law and different landscape sizes; this 

conclusion has certain reference significance for the 

design of the algorithm. The velocity-position 

update formula is the core idea of PSO, as shown in 

Formula (3) and Formula (4). 
1

1 1 2 2( ) ( )
t t t t t t

i i i i g iV V c r P X c r P X


          (3) 
1 1t t t

i i iX X V
 

                               (4) 

where, t
gP  is the global mechanism at time t, t

iP is 

the individual extreme value of particle i at time t, ω 

is the coefficient of inertia. Each particle i in the 

population will move to a new position at time t 

according to Formula (3) and Formula (4). 

In order to avoid PSO from falling into local 

optimal solutions, some scholars had proposed the 

generalized PSO. The specific steps are: (1) 

initialize the population, (2) calculate the fitness of 

each particle, (3) particles obtain update 

information from individual extreme values and 

memory bank, (4) random search or local search of 

the particles, (5) update the memory bank and 

individual extreme value of the particles, (6) judge 

whether the stop condition has been met, if yes, 
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output the optimal solution, if no, return to step (2). 

The advantage of this algorithm is that particles can 

obtain the update information through more ways, 

such as via individuals or from the neighborhoods; 

in addition, population becomes more diverse and 

the ability to share global information has been 

enhanced.  

4.2 Introduction to VNS 

In order to seek continuous improvement of the 

current solution, in the process of system search, 

systematically changing the neighborhood structure 

is the basic idea of VNS. The advantage of the VNS 

is that it can make full use of the advantages of 

various algorithms. Figure 4 shows the flow of VNS. 

Define neighborhood structure

Nk,k=1,2,…，kmax

Another k=1, repeat the following steps，
until k=kmax

Shaking：In any neighborhood, randomly 

generate the neighborhood solution  x´of 

the current best solution x

Local search：Starting from  x´ in the 

current Nk, get the best solution  x´´ 

through local search

Another x=x´´ , k=1, start 

searching again from N1

Move or not:

whether x´´ is better than x

Anotherk=k+1, Continue to 

search for the next 

neighborhood

No

Yes

 

Fig. 4 Flow of VNS 

4.3 Neighborhood structure design 

Besides random inverse neighborhood, random 

inserted neighborhood, and random full 

neighborhood, common neighborhood structures 

also include the key block search-based N5 

neighborhood and two-point exchange 

neighborhood (Liu et al., 2015). The N5 

neighborhood algorithm based on key block search 

includes all moves that can possibly improve the 

solutions on the critical path; therefore, this paper 

adopted this method and divided the processes into 

two subsets of L and R to evaluate the moving 

effects, so as to reduce the computation amount. At 

the same time, the random-search full neighborhood 

can be taken as an assist neighborhood to prevent 

falling into local optimal solutions or generating 

combination explosion, and such design method of 

variable neighborhood is convenient and effective. 

To verify the search efficiency of different 

neighborhood structures, this paper took the FT10 

problem as the research object and adopted the 

above-mentioned Logistic distribution model to 

select neighborhoods, and then it used the iterative 

search strategy of the steepest descent method to 

conduct the searching. Figure 5 shows the 

comparison of the search efficiency of five types of 

neighborhood structures. It can be seen from the 

figure that, the search efficiency of the N5 

neighborhood based on key block search was the 

highest. 
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Fig. 5 Comparison of search efficiency of five 

neighborhood structures 

4.4 Design of algorithm flow 

Based on the model of generalized PSO, this 

paper combined PSO with VNS and designed a 

hybrid algorithm called the HPV, which added an 

individual extreme value library to the PSO, and 

realized complementary advantages; the proposed 

algorithm can take into account the problem of 

process exchange on the critical path, and 

effectively improve the search efficiency. The 

specific flow of HPV is: 

4.4.1 Population initialization 

The population is initialized and updated using a 

process-based coding method, 20% of the 

population was taken as the population extreme 

value library, and the size of individual extreme 

value library was about 2 or 3. 

4.4.2 Global search of particles 

Cross the particles and the individual extreme 

value library, and cross the particles and the 

population extreme value library at the same time; 

the particles perform random search and update, and 

the best individual in the offspring generation is 

selected as the final individual. 

4.4.3 Local search of particles 

Use the N5 neighborhood based on key block 

search to perform the searching, if the improvement 

is not needed, perform full neighborhood search 

based on random searching; if no improvement is 
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needed for the two searches, then proceed to the 

next step; otherwise repeat the search until no 

improvement is needed. In terms of the value of   

in full neighborhood, when the size of the problem 

is relatively large (the number of processes is more 

than 500), its value takes 5; when the size of the 

problem is relatively small, its value takes 4; in this 

way, the search effect and the calculation time 

could be balanced. 

4.4.4 Update the particles 

The individual extreme value library, and the 

population extreme value library; judge whether the 

preset stop condition has been met, if yes, output 

the optimal solution; if no, return to step 2 and 

restart the search until the stop condition has been 

met. 

4.5 Case test and result analysis 

This paper used two comparative tests to verify 

the effectiveness of the proposed algorithm. The 

program running environment was: Intel(R) 

Core(TM)2 CPU2.16GHZ, and VC++ language was 

used to program and realize the designed algorithm. 

4.5.1 Search effect of variable neighborhood  

The variable neighborhood proposed in this 

paper was compared with single neighborhood that 

hadn’t adopted the variable neighborhood. Figure 6 

shows the search effect of the variable 

neighborhood. It can be seen from the figure that 

the proposed algorithm had fewer iterations and 

higher search efficiency. 
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Fig. 6 Search effect of variable neighborhood 

4.5.2 Standard test case 

In this paper, HIA (a hybrid algorithm of POS 

and AIS proposed by GE, H.W.) and the MPSO (an 

algorithm proposed by Tsung-Lieh Lin to increase 

population diversity) were taken as comparison 

items (Wittrock, 1988); and 40 problems from the 

LA series and three problems from the FT series 

were selected as instances to test the performance of 

the proposed algorithm HPV, and the test results are 

shown in Table 4. It can be seen from the table that, 

in terms of the 40 problems from the LA series, 

only two hadn’t obtained the optimal solution via 

one run, the success rate was 95%; generally 

speaking, the proposed HPV algorithm 

outperformed the HIA and MPSO. In terms of the 

FT series problems, all of the three algorithms could 

obtain the optimal solution via one run. 

Table 4. Standard test case 

Instance 
Problem 

scale 

HIA MPSO HPV 
BKS 

Best RD Best RD Best RD 

LA01 10*5 665 0 665 0 665 0 665 

… … … … … … … … … 

LA22 15*10 925 0 931 0.51 931 0.51 925 

… … … … … … … … … 

LA25 15*10 937 0 943 0.65 943 0.65 937 

… … … … … … … … … 

LA28 20*10 1172 1.64 1175 1.83 1185 2.78 1153 

… … … … … … … … … 

LA36 15*15 1266 0 1277 0.79 1282 1.04 1266 

… … … … … … … … … 

LA39 15*15 1225 0.15 1226 0.24 1241 1.41 1222 

FT06 6*6 56 0 56 0 56 0 56 

FT10 10*10 735 0 735 0 735 0 735 

FT20 20*5 1170 0 1170 0 1170 0 1170 

5 CONCLUSION 

Flexible production workshop scheduling can 

effectively improve production efficiency and 

reduce costs, which is in line with the actual 

production situations. This paper studied the 

flexible production workshop scheduling algorithm 

based on the theory of fitness landscape and drew 

the following conclusions: 

(1) Through the case tests, this paper proved that 

the proposed fitness landscape method based on 

Logistic model can simply and effectively describe 

the distribution law of the entire space, thereby 

solving the various combinatorial optimization 

problems. 

(2) Through the case tests, this paper studied the 

Logistic distribution in local search, and the 

research results showed that, under the condition of 

same test case, the two methods of neighborhood 

insertion and neighborhood exchange had the same 

landscape change law but different landscape sizes, 

and the landscape of the inserted neighborhood was 

broader, and this research result had provided an 

idea for the design of the proposed algorithm. 

(3) Based on the model of generalized PSO, this 

paper combined PSO with VNS and designed a 

hybrid algorithm called the HPV; through case tests, 

the proposed algorithm outperformed single 
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neighborhood search, and it can solve the flexible 

production scheduling problems quickly and 

efficiently. 
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