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Abstract 

For order acceptance and scheduling with hybrid blocking in flow shop, the improved 

artificial bee colony (IABC) with NEH_BV heuristic algorithm, local search and artificial 

bee colony (ABC) is proposed for resolving the problem. In this algorithm, we first use 

NEH_BV heuristic algorithm to get some initial solutions, then updating the above initial 

solutions with improved artificial bee colony. In updating process, employed bees, 

onlooker bees and scout bees are inserted heuristic will increase exploitation and 

exploration of the algorithm. At last, we will get the near optimal solution by IABC 

algorithm. The effectiveness and efficiencies of the IABC algorithm has been proved by 

the case’s analysis and been compared with artificial bee colony and harmony search 

(HS). 
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1. Introduction 

The limited storage ability of factory in process of production leads to blocking 

problem of production that brings the difficulty for scheduling and reduces production 

efficiency. The blocking problem is not infinite buffer capacity between two adjacent 

processing node. If the order that is completed in a processing node and next node is not 

released processing capacity will stay the node refuses the request of next order to be 

processed. Commonly, blocking problem includes RSb(Release when Starting Blocking) 

and RCb (Release when Completing Blocking). RSb is a processing node is blocked until 

the order into next node is available. RCb is only available on a processing node until the 

order is completed on the next processing node. 

  In general, blocking of flow shop scheduling is different from flowshop scheduling, 

most of the blocking problems is NP hard[1]. About typical constraints(RSb) study, 

Caraffa proves that the flow shop blocking problem in processing environment is more 

than two machines is strongly NP hard problem and designs genetic algorithm to solve 

large scale flow shop blocking problem[2]. Grabowski uses tabu search algorithm to solve 

the permutation flow shop problem with blocking constraints, add local search and the 

dynamic tabu list to emergency search to improve the efficiency of algorithm[3]. Wang 

design the hybrid discrete differential evolution algorithm to solve flow shop scheduling 

problem with blocking constraints and compare to other algorithms to get better results[4].  

  The strategy of order acceptance and order completion time set have important 

influences on company performance, Arredondo and Martinez show order acceptance 

policy to maximize company income per unit cost while the capacity of company 

production is greater than customers' demand[5]. Assuming order rejected can affect 

future income, Lewis extends the above model to multi period production[6]. Xiao et al 

research order acceptance based on permutation flow shop problem and design meta 

heuristic and simulated annealing algorithm to solve the problem to obtain approximate 

optimal solution[7]. 
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  Blocking will affect the completion time of order with multi-node production 

environment, how to select order and arrange production scheduling will affect profits of 

company. The order acceptance is constructed as a nonlinear programming model based 

on flow shop with hybrid blocking and solved by heuristic and intelligent algorithm. 

Research on the problem of order acceptance and scheduling is helpful to perfect 

production theory and provide the theoretical basis for company's actual production. 

 

2. Problem Description 

Order acceptance and scheduling with multi-node production environment is expressed 

as: it has n processing nodes and one order can only be completed on one node at a time; 

all orders arrive at the same time, each node can only process an order at a time; all orders 

have the same processing sequence and each order must be processed on all nodes; 

determining the optimal processing sequence to reduce completion time of order. The 

objective function is to maximize total returns of all orders, i.e. total revenue minus order 

delivery delay penalty cost, idle time penalty cost and blocking time penalty cost. 

Generally, it has infinite storage or RSb blocking with multi-node production, but the 

research on RCb blocking problem is less. 

  Many complex processes of multi-node production lines can been lead to blocking 

because of it is influenced of the process, technology, types of equipment and different 

production conditions. Different blockings will cause costs of idle time and blocking time, 

and can influence completion time and returns of order. Therefore, research on order 

acceptance and scheduling of different blockings in multi-node production environment 

has practical significance. 

 

3. Model Formulation 

3.1 Order acceptance and scheduling of hybrid blockings 

The sequence of order is processed can pass m nodes in order acceptance and 

scheduling problem in multi-node production with hybrid blocking. Compared to the 

general order acceptance and scheduling in multi-node production, the final completion 

time varies with blockings. The processing route of order is determined to calculate 

returns of order, if the net returns is negative so the order is refused to accept. 

  Hypothesis of order acceptance and scheduling in multi-node production with hybrid 

blocking: (1) orders are mutually independent and orders are processed at time zero; (2) 

transfer time, preparation time, installation time includes in the processing time between 

adjacent nodes; (3) order processing time is known and fixed, and return of order is 

known; (4) when the order is processing at one node, it is not allowed to interrupt; (5) 

there are a variety of blocking and unlimited buffers between any two nodes; (6) nodes 

are available and are not maintenance and breakdown. 

3.2 Mathematical model 

(1) notation and variables.  

   1,2, ,i I n  -Number of order;  1,2, ,j J m  -number of node;  1,2, ,k K k  -

number of position of order in processing sequence Q ; ,i jP
: the processing time of i  

order in 
j

 node, 1,2, , , 1,2,i n j m  ; ,b jB
: binary variable, equate1when blocking between 

node j  and node 
1j 

, else 0 ; i : unit penalty coefficient of order tardiness; 


: unit 

penalty coefficient of idle time and blocking time of order; iD
: delivery time of order, 

0id 
, 1,2, ,i n ; iR

: incomes of completed order i , 
0iR 

; ,k jS
: start time of 

position k  of order in node 
j

; ,k jC
: completion time of position k  of order in node 

j
; 
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,i kQ
: binary variable; iX

: binary variable.  

  (2) model.  

  According to the above descriptions and symbols, and definition of variable, the model 

is formulated as follows: 

 ,

,

1 1 , ,

1

max ,0
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( )

i i k m in n

m
i k i

k i k m i j
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, , 1 , 1 ,

1
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n
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 
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

 

 

(2) 

   

, 1, 1, 1, 1 2,

1, 1 3, , 2, , 1,2, , 1

k j k j j k j j

k j j

S C B S B

C B k n j m

  

 

 
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(3) 

 , 1, , 2, ,k m k mS C k n 
 

(4) 

   
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1
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(5) 

 

 

, , 1, 1,2, ,

, 1,2, , 1

k j k jC S k n

j m

 

 
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1
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1

, 1,2, ,
n

i k

k
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


 

 

(8) 

     , 0,1 , 1,2, , , 1,2, ,i kQ i n k n  
 

(9) 

   0,1 , 1,2, ,iX i n 
 

(10) 

   , 0, 1,2, , , 1,2, ,k jS k n j m  
 

(11) 

 

   , 0, 1,2, , , 1,2, ,k jC k n j m  
 

(12) 

 

  Eq. (1) is objective function that is used to maximize return of order; Eq. (2) is 

expressed that start time of order is more than or equal sum of start time and completion 

time of order in last node while order is processing in adjacent nodes; Eq.(3) specifies 

different blockings exists in adjacent nodes, if there is RSb between node 
j

and
1j 

, so 

Eq.(3) presents , 1, 1k j k jS S  
; Eq.(4) is a special of Eq.(3) and ensures start time of 

order in the last node is more than completion time; In Eq.(5), completion time is greater 

than or equal sum of start time and processing time; Eq.(6) guarantees that the completion 

time of order is less than start time of next order when order is processed in adjacent 

nodes; Eq.(7) presents each position of processing sequence has an order; Eq.(8) ensures 

an order can only be put a position in processing sequence; Eq.(9) and (10) are defines 
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,i kQ
 and iX

 as binary variable; Eq.(11) and (12) are the non-negativity constraint, which 

ensures that the above variables are nonnegative. 

 

4. Improved Artificial Bee Colony Algorithm 

The artificial bee colony algorithm (ABC) is an optimization algorithm based on the 

intelligent foraging behavior of honey bee swarm, proposed by Karaboga[17]. In the ABC 

model, the colony consists of three groups of bees: employed bees, onlookers and scouts. 

It is assumed that there is only one artificial employed bee for each food source. 

 

4.1 Initialization 

Each order has amounts of profits and completion time in multi-node production. If 

NEH algorithm is chose to solve this problem, so some orders that gain large profits can 

be excluded to lose profits but order can be effectively completed. Therefore, Total 

processing and profits are simultaneously considered for order acceptance and scheduling, 

the processing priority of order is determined by NEH_BV algorithm. 

 

4.2 Employed Bee 

The new food source of employed bee is generated based on formula (1) in artificial 

bee algorithm. The new food source is compared to current food source and the better 

food source is selected. 

, , , , ,( )i j i j i j i j k jv x x x  
 

(1) 

  Therein, {1,2, , }, {1,2, , }, {1,2, , }i SN k SN j D   , and randomly generated. 

 

4.3 Onlooker Bee 

When search is completed by all employed bees, they will share the information of 

food source and quantity of honey through dancing and observation, i.e. order sequence 

and fitness is passed to onlooker bee to determine. Onlooker bee selects processing queue 

based on fitness. The processing queue that is generated by roulette algorithm in stage of 

onlooker has greater fitness to be selected. 

 

4.4 Scout Bee 

While all employed bees and onlookers finish searching, the standard is set by the 

algorithm will determine whether fitness of some food sources is not improved to 

abandon. A counter is called "limit" is set to judge food source in a iteration. When the 

"limit" is reach, the food source is abandoned to let scout bee to find new food source. 

Scout bee randomly search new food source based on original food sources, if new food 

source is found to abandon original food source. 

 

4.5  Local Search 

At the stage of onlooker, 
p

 is set at [0,1] to judge if local search is selected to insert 

neighborhood.  Random r  is randomly generated at [0,1]. If r  is less than 
p

, local 

search is selected , else next step to calculation. 
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5. Simulation 
 

5.1 Experimental Design 

Simulations were with C++ performed on an Pentium4 2.8 GHz processor with 2.24 

GB of RAM running on Windows 7. The parameters for ABC, IABC and HS algorithms 

are kept fixed. For artificial bee colony algorithm, initial population size is 50, employed 

bee number is 25, onlooker bee number is 25, scout bee number is 1, limit value is 25×D( 

processing sequence vector dimension), Maxiter is 100. For improved artificial bee 

colony algorithm, initial population size is 50, employed bee number is 25, onlooker bee 

number is 25, scout bee number is 1, limit value is 25×D(processing sequence vector 

dimension), P =0.1, w=0.5, Maxiter is 100. For harmony search algorithm, initial 

population size is 50, HMCR=0.99, PAR=1.0, PARmin=-1.0, PARmax=1.0, bw=0.01, 

Maxiter is 100. 

Experimental data is set as follows: the number of orders n =10，15，20，30, return 

of order evenly distribute within [200,2000] and is generated randomly, processing time 

of order in each node evenly distribute within [1,5] and is generated randomly, delivery 

time of order evenly distribute within [10,30] and is generated randomly, unit penalty 

coefficient of storage time and blocking time of node is 1, unit penalty coefficient of 

delayed completion time is 3. Assuming there are four stages for multi-node production 

environment. 

 

5.2 Analysis of Experimental Results 

The average value of index is calculated by 20 examples of each group. The results is 

shown in table 1: 

Table 1. Experiment Results of Order Acceptance and Scheduling with 
Hybrid Blocking in Multi-node 

Production
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  The conclusions of the above experiment data is obtained as follows: 

  (1) As shown from table 2, the feasible solution can got by IABC, ABC and HS 

algorithm at short time and the calculation time increases by amounts of order are 

increased. 

  (2) The number of order are 8.9, 12.0, 13.2, 17.2 and the average net return of order is 

1735.2, 1981.5, 1843.7, 2031.3 in IABC algorithm. The average rate of order increases by 

amounts of order are increased, the average net return of order increases a value and then 

decreases. Therefore, if the production capacity is limited and there are bottlenecks about 

ability of order accepted, more number of order accepted is not more the net return of 

order. 

  (3) Compared to data of IABC, ABC and HS algorithm, the result can be obtained 

that average time of IABC is better than HS, but is little better than ABC. Average return 

rate of order and number of order accepted is the best by IABC, ABC followed and is 

worst by HS. 

 

Figure 1. The Convergence Trend of IABC, ABC and HS 

  The convergence trend of IABC, ABC and HS, number of order is 30, the number of 

iterations is 100. X-coordinate represents net return of order, Y- coordinate represents 

computation time. Figure 4 illustrates convergence rate of IABC is better than ABC and 

HS, ABC and HS is similar. IABC is best to solve the problem efficiently, and ABC is 

better than HS. 

 

6. Conclusion 

Research on order acceptance and scheduling in multi-node production wit hybrid 

blocking, and the problem is solved by improved artificial bee colony algorithm. 

Compared to artificial bee colony and harmony search, improved artificial bee colony 

algorithm is best to solve. Three algorithms within the effective time are able to get the 

approximate optimal solution, and the total return of orders accepted is obtained. Future 

research can be carried out in the following directions: (1) Artificial bee colony algorithm 

is improved for order acceptance and scheduling in multi-node with hybrid blocking; (2) 

Order acceptance and scheduling in multi-node and multi-route production is considered; 

(3) Order acceptance and scheduling with batching in multi-node production is 

considered. 
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