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Abstract

The fast emerging customer market, the increased product variety and fluctuating demand have urged manufacturers to efficiently manage their supply chain activities to outperform their rivals. Steel industries being the backbone of manufacturing oriented economies are no exception to face these challenges. The severe competition from the less capital intensive mini-mills has enforced the integrated steel mills to change their old production strategies to become more efficient in handling their customers demand. Leagile an integration of lean and agile themes has emerged as an influential concept to tackle the uncertainties existing in the supply chain. This paper therefore explores the viability of the leagile supply chain management principles in steel industries. The paper also proposes a multi agent controller framework to facilitate the autonomous execution of the supply chain related decisions. The scheduling and planning agent of the multi agent framework proposes the use of particle swarm optimization (PSO) algorithm to solve the scheduling problem of charges in the steel industry. The paper emphasizes that the integration of leagile supply chain and use of an automated multi agent controller will enable steel industries to become more flexible and responsive to customer demands leading to reduce waste and increased profits.

1. Introduction

Supply chain management issues are of prime importance for the manufacturing firms in the current competitive global scenario. With the increasing worldwide population and changing buyer patterns, the demand of different products and services are escalating at very fast rate. The increased demand of the automobiles and construction materials has forced the integrated steel mills to make their supply chain more efficient to handle the varying uncertain demand. Moreover, the integrated steel mills are also facing severe competition from the less capital intensive mini-mills. The competitive strength of the integrated steel mills lies in their ability to produce a large variety of high-quality products. Therefore, the integrated steel mills have established themselves in markets, for more customized finished products, benefiting from the greater pricing power. However, reliable deliveries of such products are often required by the customers, this places emphasis on coordinated production schedules. Moreover, the increased product varieties and simultaneous increased pressure to reduce delivery lead time have caused integrated steel mills to look for alternative strategies that can enable them to handle things more swiftly. This has in a way enforced the integrated steel mills to change their traditional production strategies to adapt alternative strategies that can efficiently handle uncertain customer demand.
Under these circumstances the strategy planners are compelled to devise a supply chain strategy that can lead to an efficient management of supply and demand. This has shifted the traditional thinking of researchers towards finding alternative ways that can withstand the increased complexity and at the same time increase the profitability by reducing the unnecessary processes. This thinking has directed their attention on lean and agile paradigms that have enabled firms to defend their competitors [1]. Lean emphasizes on reduction of waste such as overproduction, waiting time, and over-processing whereas the agile strategy aims at using the market knowledge and virtual cooperation to utilize the advantageous opportunities in a volatile market place. This thinking has gone a step further where these two widely popular paradigms have merged and resulted in a new paradigm known as ‘Leagile’ paradigm. The Leagile an integration of lean and agile paradigms is separated through a decoupling point. [2] proposed the term ‘Leagility’ that combined agility and leanness in one supply chain through the strategic use of a decoupling point. Inspired by the abilities of the leagile supply chain in efficient handling of the demand and supply while simultaneously reducing the waste, increasing flexibility and maximizing profitability, this research proposes the adaptation of leagile supply chain principles in steel industries.
The structure of the paper is as follows. The next section elaborates the leagile supply chain in detail. Thereafter, the common scheduling problem faced by the integrated steel mills is discussed. The paper proposes a multi-agent controller framework to efficiently manage the various activities along the leagile supply chain and advocates the autonomous handling of the tasks with the help of different task oriented agents. The application of evolutionary algorithm in particular the particle swarm optimization (pso) method in determining the optimal schedule is also proposed. Finally, this paper reflects on the application of leagile supply chain principles together with multi-agent controller in improving the performance of integrated steel mills.
2. leagile: An integration of lean and agile principles
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Running an efficient supply chain has always been a challenge for practitioners. In the present global scenario the ever changing demand pattern, supply shortages, changing taste of customers and tough competition from rival’s posse’s immense challenges on manufacturers for survival. Manufacturers often strive hard to compete with their competitors by addressing these challenges as much as efficiently and cost effectively. Therefore, managers often invest plenty of time planning and executing the right supply chain strategy. For manufacturers, primarily there are two elements that decide their supply chain strategy; customer satisfaction and market place understanding [3]. Thus, while planning their supply chain strategy manufacturers need to carefully consider how the planned strategy would satisfy the requirement of both the supply chain and end customers. A successful supply chain strategy needs to accomplish the task of maintaining the supply-demand balance, as well as at the same time reduce cost, increase flexibility and maintain quality. 
Two well known and established principles come into mind while aiming to have a successful supply chain strategy inheriting the attributes discussed earlier, first, the lean principle and second, the agile principle. The origin of the lean principle lies in the Toyota Production System (TPS) which dates back to late 1980s [4]. TPS focused on the reduction and elimination of waste which itself was motivated by the Kaizen principle of continuous improvement. Primarily lean is focused on reducing ‘waste’ or ‘muda’ which [4] identifies as overproduction, waiting time, time incurred in transportation, inventory, motion, defective units, and over-processing. Thus, the implementation of the lean principles in organization brings about improvements in terms of reduced cost, high inventory turns, reduced lead times, increased flexibility, and defect prevention. On the other hand, the agile principle focuses on flexibility and makes organization capable of adapting to the changes in the market. Agile production system as an alternative to lean principles was acknowledged by [5] since it can handle the increased product variety and overcome the problems faced in lean strategy. The successful functioning of agile manufacturing system in an organization requires enterprise level integration that includes design integration, process planning, and scheduling. Therefore, the increased range of product variety specialized, and fragmented customers, and markets have imposed the manufacturing industries to adopt the agile strategies. A number of researchers have published research papers discussing the application of lean and agile principles in different industrial scenarios between late 1980s to late 1990s ([2]; [4]; [5]; [6]; [7], and others).
[image: image10.wmf]Although, the lean and agile principles have proven to be successful in different contexts, the increasing competitive rivalry has urged manufacturers to come up with a more robust strategy that can encapsulate the prominent features of both the lean and agile principles. [2] proposed a new term ‘leagile’ that was a combination of lean and agile principles separated by a decoupling point. Figure 1 shows the pictorial representation of the leagile supply chain strategy. Leagile supply chain advocates practicing lean manufacturing practices upstream until the decoupling point focusing mainly on the production activities and employ the agile manufacturing practices downstream the supply chain targeting to satisfy customer orders. Lean manufacturing values long term supplier partnerships whereas, agile manufacturing focuses on short term partnerships with suppliers after the point of product differentiation [8]. Therefore, in leagile strategy the appropriate positioning of decoupling point is critical for the success of the supply chain. Leagile supply chain advocates the positioning of the decoupling point as close as to the end user, so as to minimize the total lead time required to deliver products since lean principles are followed till this point. Leagile also promotes manufacturing of generalized products as far as possible towards the customer end and urges to assemble them to final products as per the market demand so that the chances of the product to be outdated becomes minimal. This provideses the leagile supply chain more flexibility in handling the unpredictable demand pattern. In real scenario, two decoupling points exist, the material decoupling point is the farthest point downstream to which products can be modularized and still remain adaptable to customer specifications whereas, the information decoupling point is the furthest point upstream to which information on real final demand can penetrate the supply chain [8]. Leagile focuses on adoption of the lean principles upstream in the supply chain till the decoupling point and after that the supply chain shifts to follow, the agile principles further downstream the supply chain. This unique feature of leagile principle makes it, a reliable strategy for the modern enterprises.
The benefits associated with the leagile supply chain have attracted attention of practitioners and has been successfully applied in number of industries such as in clothing [9] and telecommunication industries [10]. Realizing the potential and benefits of the leagile supply chain, this paper proposes its implementation of leagile principles in steel industries (Figure 2). Integrated steel mills usually have their products in the form of flat rolled coils and bands. The leagile supply chain advocates that steel sheets, coils and bands are retained in the same form in the warehouse until the demand for the final product arrives. As soon as, customer demand arrives these generic forms are converted to the finished products by modifying the surface and structure in the assembly shop. After the assembly, the products are sent to the warehouses from where it is further delivered to desired destinations. The warehousing system follows the modern lean and agile concepts, rather than the conventional way to store and deliver the products. The demand and material information is regulated continuously to remain updated with the market scenario, and the production is directed accordingly. This makes the supply chain of steel industries, based on the pull system, rather than the conventional push system. Until the production of the steel sheets and coils phase, the lean principle is followed thus minimizing the waste and reducing the lead time. The delay in converting generic products to final products gives steel mills more flexibility to adjust to the fluctuating demand and reduces the over production of certain finished products. The flow of information in the leagile supply chain comprehends the uncertainties of the demand. Positioning of decoupling point closer to customer end also provides the steel mills with more accurate information on predictable demand pattern and avoid any delay in the process thus, making the supply chain more efficient. Therefore, the generalized production, shifting production to the customer end, improved warehousing, and regular flow of information can completely revolutionize the scenario of steel mills, leading to increased profit, greater flexibility, and make them more robust to the demand uncertainties. This shows that the application of leagile principles is viable in steel industries. The complex nature of the steel making in the steel industries causes certain scheduling problem. The next section elaborates the steel making process and the scheduling problem commonly faced by the steel industries.  
3. Scheduling Problem in Steel Industries
The production of steel coils and bands starts from the conversion of the raw materials including iron ore, coke, and lime stone into molten steel and then to bands. Afterwards it is converted to the finished product ranges by modifying the surface and structure. The complex processes involved during the steel making needs proper scheduling of the charges on the various machines employed, due to the existence of the uncertainties such as deadlocks, breakdowns etc. The production process of steel starts with iron melting process inside the blast furnace which, later on is converted to liquid steel inside the melt shop. The three major steps involved during the production are steel making, refining and casting of molten steel into slabs, which is later on rolled into coils in the hot strip mill.
Steel making processes include complicated metallurgical processes, that requires expensive and energy intensive equipment. Since all the processes run in continuous mode and the machines run below their actual capacity, efficient scheduling of the steel making resources is of primery concern. Increased product variety has led manufacturers to compress their lead times. The whole scheduling problem of steel making consists of cast sequencing, scheduling of the individual charge sets, integration of individual charge sets scheduling to formulate rough scheduling, and optimal scheduling of the charges eliminating the machine inconsistencies. Out of these, the first three can be easily performed and depend on operational relationships whereas, the fourth step is decisive and requires to follow resource and machine constraints to ensure the practical feasibility of the resultant schedule. In steel mills the charges are processed in the order of converter, refiners and casters and often steel industries have limited number of each of those machines where charges could be scheduled [11]. Since charges can be scheduled only in the order of converter, refiner and casters, the scheduling of other charges can start only when one of the converters becomes free. Thus, it is very important to manage the scheduling of the charges in steel mills to reduce the queuing time, waiting time and overall lead time. To make the supply chain more responsive to the existing customer demand requires that product should be delivered to the customers with short lead times. In addition, the process of steel making should finish before the molten iron starts solidifying, as the solidification of iron will lead to the formation of the mushy state that would create problems during the casting process. Formation of mushy iron requires extra heat to convert it back to the molten form causing increase in the heating cost. Hence, to avoid the formation of mushy state the waiting time between the machines needs to be minimized simultaneously reducing the heating cost. Moreover, the steel mills also aim to reduce the queuing time as it affects the lead time to a great extent. The delay in the delivery of the charges to the required furnace or converters leads to the loss of the energy as well as production loss. The throughput in steel making process is defined as the total number of steel slabs produced of diverse cross-section satisfying all the constraints. Therefore, steel mills also aim to increase their throughput and that can be accomplished by proper scheduling of charges. In order to resolve the associated complexities in the scheduling of the charges in the steel mills as well as managing the leagile supply chain issues this paper proposes an autonomous multi-agent controller framework. The agent framework is discussed in detail in the next section.
4. Multi agent Controller Framework
Traditional supply chain management followed in the integrated steel mills although is complex in nature; they can be still managed manually. The introduction of the leagile supply chain in steel industries reduces the lead time and increases the process flexibility however it increases the complexity of handling various tasks along the supply chain. Hence, managing the leagile supply chain manually becomes a difficult task. In addition, the success of the leagile supply chain depends upon the efficient management of the material and information flows. In order to achieve this goal a multi agent controller framework (Figure 3) has been proposed in this paper to facilitate the autonomous process execution within the integrated steel mills. The different agents involved such as ordering agent, supplier selection agent and central controlling agent and their tasks are elaborated in detailed below. 
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4.1 Ordering Agent

The task of the ordering agent is to select the orders from different customers, based on the availability of the resources in the plant. As soon as the order arrives the agent will check the available resources, available machines and the due dates. It will also compare profitability associated with the different existing orders. This is complex decision making process, since a number of trade-offs are required to accomplish the tasks such as due date, past relationship with customers, profitability, and availability of the transportation medium. In order to gather information related to the past relationship with the customers, the ordering agent continuously exchanges information with the central controlling agent. As soon as the central controlling agent receives communication from the ordering agent it searches for all the related information in the database and the refined information is sent back to the ordering agent. The ordering agent will then assign priority to the orders based on the selected criteria’s. The decision variables involved in this process are quantitative and qualitative in nature. The quantitative variables can be easily prioritized however the qualitative variables are difficult to be prioritized because of their vague nature. Hence, this complexity of assigning the priority to qualitative variables can be overcome by using the fuzzy rule set. Once the order is selected the information is passed on to the central controlling agent. 
4.2 Supplier Selection Agent

The supplier selection agent remains in continuous touch with the ordering agent, central controlling agent, and scheduling and planning agent. Once the order is accepted this agent is responsible for selecting the suppliers. This agent decides that how much and when the orders are to be placed to suppliers. In general in the modern competitive industrial scenario, the firms usually have an opportunity to select suppliers from a number of available alternatives for a particular type of order. This in one way gives a lot of flexibility to industries, however on the other hand it increases the complexity. The selection of appropriate suppliers based on a number of attributes also becomes a tedious, time consuming and complex task if performed manually. In addition, it is also difficult to take into account all past records of the existing suppliers manually. Therefore, under these circumstances the supplier selection agent comes as a rescue to handle this complexity. The supplier selection agent first sorts out the capable suppliers corresponding to the raw material requirements and then makes a trade-off on the basis of the order of availability, quality, cost, reliability and distance of the supplier. The agent then assigns the available suppliers into different groups according their quality ratings, cost, reliability and distance ratings. Therefore, firstly the agent indentifies and sorts out the suppliers who are available to fulfill the order and makes the trade-off on the criteria’s mentioned earlier. If any supplier passes through all these criteria in the order, they are selected straight forward however, if the some suppliers which passes say on quality and cost factors but fails on reliability or distance factors, then in those circumstances the selection criteria is relaxed from the bottom of the order i.e. first distance is relaxed one unit and then reliability and so on. Once the suppliers are selected the agent places the order and passes all the related information regarding order delivery from suppliers to central controlling agent.
4.3 Inventory Agent

Inventory agent is a crucial agent and it acts as a backbone for the whole architecture framework. This agent not only controls the material flow but also the cost. This agent uses the past information along with the different forecasting techniques (such as Delphi; Structured Analogies; Game Theory; Expert Systems, Data mining; Rule-Based Forecasting; Neural Nets etc.) ([12]; [13]; [14]) to decide when and how much the different type and quantity of material is required. The performance of the forecasting methods changes with varying scenarios hence, in the proposed framework the inventory agent makes the decision not just based on one forecasting method rather using a combination of methods. The agent compares the outcome of the different methods and selects the best method or combination of methods that performs best as per the agent’s past experience.    
4.4 Scheduling and Planning Agent

The main task of this agent is to plan and prepare the manufacturing schedule. This agent decides the sequence of different processes and operations as discussed in the problem formulation section. In steel manufacturing process the sequence of the operations are usually predefined. However, when more than one orders of different nature need to be processed according to their due dates on alternative converters, refiners and casters then this simple process becomes more complex in nature. This complexity further increases when the integrated steel manufacturers follow the leagile concepts to remain competitive in this global scenario. In the planning process therefore this agent makes decision under the guidance of the leagile principles at different steps of steel making (such as melting, refining, casting and cutting) and usually manufacture generalized products far towards the customer end and converts them to final products only as per the demand. For example, the lean principles is followed far towards the customer end producing generalized products such as coils and sheets and only converted them to finished products (e.g. automobile component) by assembling different parts when demand arises. When a particular order arrives this agent prepares a detailed plan according to the final product design such as material composition, melting temperature, mould preparation, forging pressure & temperature and finishing requirements. Thereafter, the scheduling and planning agent prepares an optimal schedule to allocate different charges on the different available alternative converts, refiners and casters. The generation of an optimal scheduling plan is a complex problem and evolutionary algorithms have been successfully used to solve the complex scheduling problems ([8]; [15]; others). Particle swarm optimization (PSO) is one of the biologically inspired evolutionary algorithms that drive the idea from the flocking of birds [16]. In the proposed multi agent controller framework the agent uses the Particle Swarm Optimization (PSO) an evolutionary algorithm to generate an optimal schedule according to the due date. The pseudo code of the PSO algorithm in shown in Table 1 [17], [18]. Once the plan is finalized and the raw materials are allocated as per the requirement this information is passed on to the relevant unit for execution of the plan.   
4.5 Shipping Agent
Once the final product is ready and sent to the warehouse the shipping agent then makes decision regarding the delivery of the products to the customers. This agent takes number of decisions such as packaging, selection of shipment time and methods, and payment decisions. In addition, if any complaint is registered by the customers this agent directs that complain to the relevant unit for further investigation. Also to avoid this problem in future the shipping agent passes this information to the central controlling agent which acts as a data base. Usually the agents take decision based on the past experience hence the data base helps them to avoid problems which have been indentified earlier.  
	Table 1: Pseudo Code for normal PSO

	1. // Initialization 

2. for i=1 to the swarm size do

3.           Randomly initialize Xid within the search range of (Xmin, Xmax);

4.           Randomly initialize Vi within the velocity range of (Vmin, Vmax);

5. Pi = Xi;

6. end for

7. Calculate the fitness value of each particle;

8. Indentify the best position Pbest;
9. // Loop

10. While (stop criterion is not satisfied and k< max no. of iteration times) do

11.      for i=1 to the swarm size do

12.       
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22.               end if 

23.        end for

24. end while


4.6 Central Controlling Agent
Central controlling agent is the main information and knowledge hub that is connected with all the other existing agents. This agent stores all the information needed right from the supplier selection to the finished good delivery in its database. The agent inherits the property of updating itself both online and offline learning. In online learning data gathered through in-process stage is used. While in offline learning the information is collected from the internal knowledge data base through data mining. This agent coordinates the information exchange between the agents. For example, theoretically supplier selection agent is linked with only inventory agent and central controlling agent however, central controlling agent also develops indirect link between the manufacturing agent, scheduling & planning agent, and supplier selection agent. If there is some problem in the raw material during the steel manufacturing process, in that case the manufacturing agent transfers this information to the central controlling agent. The central controlling agent during the offline learning process leaves a negative remark about the supplier of the reported faulty raw material. Therefore, in future the supplier selection agent uses this information from the central controlling agent to rank the suppliers and makes decision accordingly. 
5. conclusions and future research
This paper highlights the increasing competiveness in the global business environment and proposes the application of leagile supply chain which is an integration of lean and agile principles in integrated steel mills. The paper briefly describes the different aspects of the leagile supply chain principle and its capability of handling the uncertain demand pattern. This research emphasizes that leagile principles can be successfully applied to integrated steel mills that enables them to become more flexible and responsive to customer demand while maximizing their profits by reducing the wastes. The paper also proposed a multi agent controller framework to handle the complexity arising from the adoption of the leagile principle, as well as to resolve the common scheduling problem that exists in steel mills. The multi agent controller framework consists of number of autonomous agents such as scheduling and planning agent, inventory agent and central controlling that autonomously handles number of tasks in the integrated steel mills. Thus, the multi agent framework increases their process flexibility and improves their overall performance. 
Although, the leagile strategy was found to be viable in steel industries, the present market scenario urges its implementation to other industrial scenarios. Therefore, the future work needs to be focused on finding the relevance of and viability of leagile principle in other industries. The work also needs to be carried out to find some methods that would help the industries in appropriate positing of the decoupling point. The application of the proposed multi agent controller framework also needs to be tested under different industrial scenarios. In addition, future work could explore the application of web based multi-agent framework for better information exchange among the different component of the supply chain systems.
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Figure 2: Leagile Supply Chain Model for Steel Industries
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Figure 3: Multi Agent Controller Framework
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