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Executive Summary
This article will analyze a subclass of Automatic Control Systems called Warehouse Management Systems (WMS). The Integrated Logistics Solution 2006 (ILS 2006) is an example of WMS systems used as a basis for the discussion. This article will address the importance of WMS-class systems, their field of application, distinctive features, and performance logics. 
I. INTRODUCTION
Today’s marketplace offers multiple different options of Supply Chain Execution Management systems. These systems have very complicated business-logics for analysis and optimization of the supply chain execution. However, these systems offer limited inventory tracking functionality – they can only register what quantity of which product and at what cost is located at a certain warehouse.  It is enough for small to medium warehouses with total area below 3000-4000 square meters and assortment consisting of several thousands items at the most. Both more complicated solutions for inventory accounting and a special approach for organization of the warehouse zones are necessary for larger warehouses and also in cases of a large stock assortment. 

The new approach is based on breaking up the warehouse into the functional zones, such as receiving, storage, picking, loading, etc.; and further dividing of these zones into cells with unique addresses. This organization of the warehouse floor allows defining unambiguous locations for all items in the warehouse. This method can be realized 
only with assistance of specialized software applications.

The concept of the Warehouse Management class systems is bases on the active management of the operations. The main goal of the WMS is to optimize all warehouse processes. 

II. DISTINCTIVE FEATURES OF THE WMS
The cell-based warehouses (warehouses where each cell is assigned a unique code) are supported by majority of currently popular accounting systems (1C and systems with ERP logic) in a simple mode: ID of the cell where the item is stored is registered in the item record. This information is considered as user-needed and is keyed in by the user. There is no opportunity to register lots with reference to cells and tracking of internal warehouse movement. 

These tasks could be solved only with assistance of the WMS. The concept of the WMS consists of two parts: registration and optimization. 

Registration: the WMS allows to continuously monitor the cell and the status of any lot located in the warehouse.  

Optimization: the WMS takes the responsibility for the defining the order of execution of the warehouse operations, identifying the cells, which participate in the item movement, defining of the task executor and addressing him/her the task. 

The following table outlines some examples of questions that are addressed by systems with ERP logic and WMS: 
	ERP
	WMS

	What is the stock price?
	Where are the containers located?

	What is the total cost supplied products?
	What is the item quantity?

	How to increase profit?
	How to decrease operations costs?

	How to increase operations volume?
	How to decrease operations time?

	How to decrease losses?
	How to increase the correctness of inventory accounting?


So the goals of the WMS are similar to the ERP systems: increasing of the business efficiency and client service levels. However, these goals are solved on different levels in theses two kinds of systems.  

III. ELEMENTS, REGISTERED IN WMS
Every Automatic Control System is used in a designated data domain. The WMS data domain is a warehouse and its elements. The WMS is used to achieve company goals related to the warehouse operations. Such goals can be: optimal usage of the warehouse floor, minimization of the item’s storage costs, high client service levels, compliance with the company’s logistics strategy, etc. 

The main elements which are registered in the WMS and processed with configured rules when certain tasks are performed in the system are listed below:

· Warehouse zones. Every Zone is used for some purpose. There is a receiving dock, shipping dock, and the main warehouse floor divided into zones. There are three different zone types in the system. Location zones are zones used for locating of received items. Allocating zones are zones used for picking items for the orders. Work zones are zones used for the purposes of set creating. Based on these types there can be a variety of different zones for the purposes of storage, picking and sets creation. For example,  a special zone for the storage of very valuable items can be marked out in the warehouse. 

· Workers – are allowed to perform operations in accordance with their rights. Work groups can be defined to perform certain tasks (for example: picking group, packing group etc.) Furthermore workers can be assigned to certain zones and equipment types. In accordance with personal settings every worker only gets the tasks that he has the rights to perform. Performance rights are defined by the following criteria: task type, zone, and equipment. 

· Materials handling equipment – is also defined in the system. May be assigned to a worker or workgroup. 

· Cells – have certain characteristics. Each cell has its unique code and can belong to one or several zone types. It also can have characteristics of the item turnover speed (ABC classification). Depending on these characteristics and the system rules certain cells are chosen for the performance of item operations.

· Items – also have unique codes and characteristics. 

· Documents – set of documents printed as a result of performance of certain operations.  There is a predefined documents set delivered with the system. It can be added with new templates created manually. 

IV. OPERATIONS
Optimization of the warehouse activity with the WMS system is based on the realization of the following operations in the system which match real tasks performed in a warehouse: 

1) Receiving – receiving of the items from the supplier in the warehouse. Physically this operation is performed in the receiving dock, and realized in the system as a two-steps algorithm: creation of the receiving document and actual receiving based on this document – registration of the received items. 

2) Putaway – the item movement from the receiving dock to the item storage zone. Usually the putaway operation is performed by the warehouse workers with assistance of special equipment: reach trucks, loaders, stackers. This operation is also realized in two steps: determination of the item storage location by the system and actual item movement to the storage zone – putaway confirmation. 

3) Replenishment – replenishment of cells in the picking zone. The replenishment task is created in the system as a result of lack of item in the picking zone. Replenishment is performed from the storage zone. Similarly to the putaway, the worker must confirm the task performance. There are two ways to generate replenishment tasks: based on the stock limits for the cell and as a result of the lack of item for an order fulfillment.  The first way belongs to the situation when the cell minimum fullness percentage trigger is set up, which is used by the system to generate the replenishment tasks. The second way solves the problem of the lack of item in the picking zone for the order fulfillment. 

4) Picking – is performed in the picking zone and means the item picking for he order fulfillment. When items are picked they are usually put in the shipping dock. The picking tasks are generated by the system as a result of the automatic releases of the orders to process, so called “wave”.  

5) Packing – this operation is performed in the shipping dock. In the system it can be combined with the picking operation. In this case after picking is performed the worker confirms the packing task. The other way is to configure packing as a single operation is: workers pick the items in the shipping dock and confirm this operation, then they perform packing of the items into a container. 

6) Shipment – the last operation with the item in the WMS, if the item’s movement through the warehouse is tracked in the chronological order. This operation includes shipment confirmation, printing of the proper documents and export of the data to the host system. Shipment is performed on the fixed workstations – personal computers.  

V. SYSTEM LOGICS
A comprehensive toolset for the configuration of the system performance rules is realized in the majority of today’s WMS systems. The configuration is performed in the designer mode, usually without writing new source code. The effectiveness of the implementation is highly depended on the configuration design. The WMS can only function in accordance with the configured business logics based on rules, rights and priorities. In addition, if the algorithm of the warehouse operations performance was designed incorrectly, the reason of the implementation project failure belongs to the incorrect design and to the system. The warehouse processes and the items’ internal movement logics are described in details before beginning the actual configuration. Then the system is configured in accordance with these documents. 
The logic of the WMS functioning is based on the creation of tasks of the warehouse operations performance in accordance with defined in the system rules. The tasks can be created as follows: 

· As a result of certain events. For example, when the cell fullness level reaches some minimum limit, the replenishment task can be triggered. 

· Manually. Tasks can be created by the operator from the program menu. 

· Scheduled. There is an opportunity to setup tasks creation as a scheduled job, which will occur in the certain time/day/hour, or once in the defined time interval. 

The performance rules for standard processes are configured. For example if the part of the received items should be placed in the quality control area. Strategies of locating and replenishment are also configurable. Strategies consist of rules and each rule has its priority. If the highest priority rule does not work the next one by the priority order will be used. For example there can be configured a strategy of two rules: place the received item in the cell which already has it (priority 10) and place the item in the empty cell (priority 20). When  processing received items in accordance with the described strategy the system will look for cells with the same item to place it there. If there are no such cells, the system will put them in the empty cells. 

An interesting system tool is used for orders processing. It is called “wave”, which is the system operation. After the wave is run the following happens in the system:

· Tasks for item picking for the order which belong to the wave are created

· Replenishment tasks are created for the picking cells in case of the lack of an item. 

· The tasks are addressed to the users/user groups. 

Each wave includes one or several orders. Criteria for the orders to be chosen in the wave could be set up.   Wave may be run as a result of the system events (for example quantity of available orders reached a certain level), on the scheduled basis or manually. 

VI. TECHNOLOGIES
For the warehouse automation with the WMS system the internal infrastructure must be created. The system consists of the application server, database server, client and web applications for the mobile terminals. 

The majority of the A-class western warehouses rely on a special radio frequency identification technology called RFID.  It is based on the idea of attaching special chips (radiofrequency marks) to every item unit. Every chip is programmed with its own unique code. The workers are equipped with special devices for identification of these chips – RF guns – connected to their pocket PCs. When performing an operation with a certain item/cell the worker identifies them in the system, scanning them with reader. Then information is transferred to the pocket PC, which has the client part of the application installed. It is realized as a web application. The data is transferred to the central database through WiFi technology in the real time mode. 

An example will help to explain the activity logics. A worker performs an operation of item replenishment from the cell in the storage zone to the cell in the picking zone. After the worker has chosen this kind of task from the task-list on his pocket PC, a special menu with the cell code field will be displayed for him to key in the code of the cell, which is used for replenishment. The worker scans it with the RF-gun, and the system asks him to input the code of item, which is used to replenish the picking zone.  This code is also scanned by the RF-gun from the cheap. The worker confirms the item quantity suggested by the system and then transports items to the destination cell.  To confirm the cell of an item into the new cell, the worker scans the destination cell code and confirms the replenishment quantity. 

To organize the work in such a way it is necessary to identify each cell and zone with radiofrequency marks or barcodes before the warehouse goes life. It is also necessary to provide the system of the identification of inbound items and outbound containers with radiofrequency chips or barcodes. 
VII. CONCLUSION
A class of Automation Control Systems – Warehouse management Systems was considered in this article. This system class is very important in the today’s marketplace because it can perform a number of tasks that cannot be accomplished in an ERP system. The system logics is based on rules, rights and priorities. The tasks can be created in the system as a result of system events, on the scheduled basis or manually. During the system implementation project the key moments are the system design and creation of the necessary internal warehouse infrastructure. 
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