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ABSTRACT 

 

 This paper presents a novel solution for scheduling the 

jobs in a multitasking environment where resources are shared to 

complete the task by using flowshop scheduling mechanism. It 

concentrates to reduce waiting time, maximizes resource 

utilization. Although the flowshop scheduling mechanism possess 

a problem, i.e., blocking of resources here it is addressed by an 

algorithm called “Artificial Bee Colony Algorithm” which reduces 

the blocking of resources and optimizes scheduling tasks by 

allocating resources done by using combinatorial auction 

mechanism. 

 

Keywords: Flowshop Scheduling, Multiagent System, Artificial 

Bee Colony Algorithm, Combinatorial Auction and Adaptive 

Auction Mechanism.   

 

I. INTRODUCTION  

 

  In manufacturing industries 

scheduling of jobs is the main problem and 

due to globalization manufacturing 

companies are trying to improve the product 

life cycle and maximum utilization of 

machines. The Flowshop scheduling 

problem is encountered in manufacturing 

industries while scheduling the jobs. In 

advantage of the benefits of the 

manufacturing industries, it is necessary to 

concentrate on scheduling system and 

resource allocation. 

  The scheduling problem and 

resource allocation is originated from the 
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manufacturing industries. Multiple agents 

are used to schedule the jobs with allocated 

resources, where agents seek common 

resources from the resource pool, when a 

jobs is finished on a machine and it has to be 

processed on second machine. But second 

machine is blocked by the first machine 

because after completion of processing or 

scheduling of the jobs in machine

it allows scheduling the jobs on machine

This problem is known as Blocking 

Flowshop Scheduling Problem (BFS). For 

solving BFS different types of methods 

available. Artificial Bee Colony algorithm is 

very useful for this auction mechanism and 

gives the better optimal solution.

  Combinatorial Auction mechanism 

is used to solve the conflicts between the 

agents. In multiple rounds combinat

auction mechanism is built on the general 

equilibrium solution and prices of machine 

resources over different periods will iterate 

over multiple rounds of the bidding process 

until price equilibrium is achieved. Forth 

coming sections explains about d

types of scheduling, multiple agent system 

and artificial bee colony algorithm.

 

II.   SCHEDULING PROBLEM

  

  Resource allocation over time to 

perform a collection of jobs is known as 

scheduling
6,8

. For example, a semiconductor 

manufacturing facility, an automobile 

assembly line, planning and scheduling in 

supply chain, train time table 

scheduling…etc. There are several types of 

scheduling problems and they are listed 

below 
 

A. Open Shop Scheduling 

B. Job Shop Scheduling 
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C. Flowshop Scheduling 

D. Mixed Shop Scheduling 

 

These are widely used in manufacturing 

industries. 

 

A. Open Shop Scheduling 

 

  In Open Shop Scheduling, 

processing of sequence is not in proper 

order. The order of the jobs is random in 

each machine. Lateness of the jobs may not 

complete in scheduling the jobs with proper 

time slot and jobs sometimes may not visit 

machine. This open shop scheduling is 

shown in Fig.1.  

 

 

Fig. 1. Open Shop Scheduling

 

B. Job Shop Scheduling 

   

  In Job Shop Scheduling, each job 

visits a machine for once. Processing of 

job has its own route. In Job Shop 

Scheduling all jobs has separate processing 

sequence. Job Shop Scheduling is typical to 

arrange the jobs. This is more complex for 

scheduling the jobs in manufacturing 

industries. Each machine has to determine 

the job sequence each time before 

scheduling the jobs. The Job Shop 

Scheduling is shown in Fig. 2. 

These are widely used in manufacturing 

In Open Shop Scheduling, 

processing of sequence is not in proper 

order. The order of the jobs is random in 

each machine. Lateness of the jobs may not 

scheduling the jobs with proper 

time slot and jobs sometimes may not visit 

machine. This open shop scheduling is 
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Fig. 2. Job Shop Scheduling

 

C. Flow Shop Scheduling 

  

 Flowshop Scheduling processing of 

all jobs has to follow same sequence and all 

jobs must visit all machines in same 

sequence order. Each job has to perform 

exactly one operation for every machine. 

Flowshop is used in manufacturing 

industries, because all jobs complete their 

scheduling exactly before their deadlines. It 

gives minimum makespan time compar

other scheduling problems. The flowshop 

scheduling is shown in Fig. 3.
 

 

Fig. 3. Flowshop Scheduling
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Job Shop Scheduling 

Flowshop Scheduling processing of 

all jobs has to follow same sequence and all 

machines in same 

sequence order. Each job has to perform 

exactly one operation for every machine. 

Flowshop is used in manufacturing 

industries, because all jobs complete their 

scheduling exactly before their deadlines. It 

gives minimum makespan time compared to 

other scheduling problems. The flowshop 

scheduling is shown in Fig. 3. 

Flowshop Scheduling 

D. Mixed Shop Scheduling 
  

 Mixed Shop Scheduling is the 

combination of both flowshop scheduling 

and job shop scheduling. Here jobs have 

fixed machine sequence flowshop and 

processing in arbitrary like job shop. 

 

III. MULTIAGENT SYSTEM 
  

 “An agent is a computer system that 

is capable to perform autonomous action in 

their environment in order to meet its design 

objectives”, is known as Multiagent system

An agent is responsible to solve the 

flowshop scheduling problem between the 

resource allocations in manufacturing 

industries. Agents are used to schedule the 

jobs with respective time slots allotted by 

machines resources. In this paper different 

types of agents are used to schedule the jobs 

with respective time slots and solve the 

conflicts between the agents with the help of 

auction mechanisms. There are different 

types of mechanism are available, but agent 

based auction mechanism is used for solving 

the conflicts between agents. Agent based 

negotiation is used to solve conflicts among 

only limited number of agents. 

Combinatorial Auction mechanism is used 

for scheduling the jobs. The following 

section gives brief information of 

combinatorial auction mechanism.

 

IV.  COMBINATORIAL AUCTION

  

 Combinatorial Auction is the most 

generic form of auctions, which allows 

different kinds of goods to trades at once, 

unlike single good auction. Combinatorial 

Auction is like a super market, where all the 

items are available and bidders can place 
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their bid respective items. In this paper 

agents are used to perform the auction for 

scheduling the jobs. Two types of agents are 

available here to perform auction. Job 

Agents (JA) and Resource Agent (RA), JA is 

requesting resources for each time slot for 

scheduling the jobs. RA is used to 

conducting the auction between the JA’s and 

get bid prices between them. RA check time 

slots and available resources for that 

particular requesting job, and then perform 

the auction, the bid pricing and utilization 

machine resources are calculated with the 

help of PA-B and PA-U algorithms stated in 

et al.
1
. By using these two algorithms, jobs 

to be scheduled on machine accordingly and 

achieving get minimum makespan time with 

maximum utilization of machine. But 

drawback is machine blocks the next 

machine is known as the Blocking Flowshop 

Scheduling problem, i.e., Machine (Mi) must 

complete scheduling the jobs with allocated 

resources before the next machine to 

schedule the jobs. Here Mi is blocked by the 

next machine Mj because JA has not 

completed scheduling on machine Mi or 

Machine Mj is not available. For solving this 

problem novel solution is given in forth 

coming section. 
 

V. ARTIFICIAL BEE COLONY  

     ALGORITHM 
  

 Blocking Flowshop Scheduling 

(BFS) with makespan criteria, it is important 

in manufacturing industries. Due to 

intermediate buffer storage between the 

machines, jobs have to remain in current 

machine while next machine is available for 

scheduling the jobs and increasing the 

waiting time of the jobs in this machine.   

For solving this BFS Artificial Bee Colony 

 Algorithm is used to get optimal solution. 

 Artificial Bee Colony algorithm 

(ABC), which is presented by Karaboga
11

, is 

one of the most important approaches for 

getting optimal solution. This ABC 

algorithm is forging the Honey colonies. 

This ABC algorithm contains the three 

groups of bees: Employed bees, Onlookers 

and Scout bees. Employed bees are used for 

searching food source, onlooker bees are 

used for selecting decision for food source 

and scout bees are used for carrying a 

random search. The employed bees search 

for food source and become onlooker bees to 

make selection decisions. These onlooker 

bees become scout bees, on performing a 

random search in further. 

 

The algorithm as follows.  

 

Step: 1. Initializing parameters number of 

food sources and the population. 

Step: 2. Repeat the following steps 

a) Updating the employee bee’s memory 

every time when new food source is 

fond. 

b) Onlooker bees are used for evaluating 

the nectar amount information, taken 

from all the employed bees, based on 

the probability value. 

P = 
������ ����	
� �� ���� �	���(�)

����� ����	
� �� ������ ���� ��	���
      

                  (1)                                                                                                          

Pi= 
��

∑ ��
��.�� ���� ����	
�

���

                              (2) 

 

c) Send the scouts to the search area for 

finding new food sources. 

Step: 3. Until requirements are met. 

To produce candidate solution from previous 

equation artificial bees are used following 

equation 
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Cij= xij+ Rij(xij-xkj)                                 (3) 
 

Where Cij is candidate value, i is in index 

value for representing particular solution 

(i=1, 2, 3…….no. of food sources). k is also 

a index value represents particular or 

solution from the population(k=1,2,3…. No. 

of food sources) and j is a index for 

dimension (j=1, 2, 3….D). Rij is a random 

number between [-1, 1], controls the 

neighbor food positions around xij. New 

candidate solution is obtained and 

calculating better nectar and replacing with 

old one in memory. If not getting better 

solution, assume that food be exhausted and 

replace exhausted food with new food 

source generated by scout bees. 

 

VI.  CONCLUSION 

  

 The Flowshop Scheduling problems 

are generally complex and more common in 

manufacturing industries while scheduling 

the jobs among multiple resources. It occurs 

due to the dynamic and distributed 

environment. This paper proposes a novel 

scheme of ABC algorithm and combinatorial 

auction mechanisms  for solving these 

conflicts between the resource allocating, 

scheduling agents and Blocking Flowshop 

Scheduling problem.  This algorithm is 

efficient because it is able to produce a 

solution with minimum makespan time 

when compared to other existing algorithms. 
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