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Background and System Development.

        This thesis is being written in order to fulfill the requirements of the University of Northern Washington for the degree of Master of Science in Computer Science and Information Technology.  It is the culmination of my experience in the development and implementation of fully integrated computer systems for the past twenty years.

        I began my career developing computer systems at a company known as Automatic Voting Machine in Jamestown, New York.  At that time they were going through reorganization and were in need of a new computer system to handle production, inventory and some basic accounting needs.  It was not long before I discovered the importance of integration between the applications. The project was nicely underway when the company was purchased and moved to California.  I chose to remain in New York and was hired as a project manager by Plantrol Systems of Westfield, New York.

        Plantrol Systems had developed a nitch market in software development for the business forms industry, working mainly on Data General mainframe and mini-computers.  The development was primarily on an SCO Unix multi-user platform and the language was Data General Basic.  During my years with Plantrol, I developed systems for business forms manufactures and distributors, worldwide. Occasionally I was asked to develop fulfillment projects for other clients in a variety of warehouse fulfillment applications and for a wide range of products. Often these projects involved integration with other computer systems and software platforms.  These projects opened me up to the necessity of cross platform integration and connectivity.  Over the years the hardware has changed as well as the software languages.  Connectivity has developed from point-to-point, to EDI using VANS, and to the Internet, allowing fast and efficient worldwide communications and connectivity.  

        As a developer, I was repeatedly asked to develop management tools.  These tools were mainly in the form of reports used to monitor the performance of the various departments within a manufacturing facility. These reports were often used to make critical decisions about the business, and occasionally used to make changes in the computer system or to develop new applications, which would in turn provide additional feedback. Today feedback is more widely used and now provides additional information to the users and customers as well as the managers in many computerized environments.

In this document I will describe a computer system using feedback loops.  The system that I will describe is typical of the actual system being used by many multi-million dollar corporations doing business in the forms manufacturing and distribution markets. I will describe the system modules and integration that allows feedback and I will describe the use of this feedback in the management of the business.

The Computer System.

This is a model of a typical integrated computer system known as an Enterprise Resource Planning System or ERP. The modules to be discussed are Estimating, Quote Archives, Order Entry, Order Archives, Order Planning, Order Status, Production Scheduling, Data Collection, Raw Material Inventory, Job Costing, Finished Goods Inventory, Purchase Order Tracking, Shipping, Billing, Accounts Receivable, Accounts Payable, Payroll, Profit Plan, General Ledger, Web Order Entry, Web Account Status, and Web Tracking.  Integration between these modules is shown in the diagram below.  Outside connections using EDI or FTP are also indicated.
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Fully Integrated Modules.

One of the most important aspects of a well-developed computer system is the integration between the various modules.  Time is money and having to double enter data is a waste of time. Having integration reduces or eliminates double entry.  Data storage is also enhanced. In the newest data warehouse environments, data is shared between the various modules, reducing the necessary storage space, and making data retrieval more efficient.  In this model, for example, you will find integration connections between the estimating system and order entry. Most orders will begin with a request for a quote, this will be requested by the consumer and will be received via a phone call, a fax, or a web based quote request. If the quote is for repeat business, the previous quote can be retrieved from the quote archive database, reducing the quoting time and cost. If the quote is for a new product, an estimator will key in the specifications and a price book quote or cost estimate will be produced. The quote is then electronically faxed or sent via the Internet to the customer and is held in the database for approval.  If the quote is approved, an order processor will then retrieve the quote specifications and create a production order with very little input necessary. Without the integration of the quote to order system, the order process would be significantly more time consuming.  Orders produced from quotes average 3 to 5 minutes in order entry, while orders produced without the use of an integrated quoting system will typically take 12 to 15 minutes longer, and have a much higher rate of error in the capture of information.

Custom Software Development.

One of the most important features of a good ERP system is the interface with the business plan.  While there are canned packages available for most applications, no two businesses operate with the same business plan, or use the same methods.  This is where customization becomes necessary.  Whether the customization is done in house by the MIS department, or by the vendor producing the ERP system, it is vital to the success of the business to match the user interfaces and system flow to the workflow.  It has been my experience that the additional cost incurred in the development and implementation of a customized ERP system, is recovered in efficiency and by competitive advantage within the first year of operation.  Customization is also ongoing.  As the business plan changes, or new requirements develop, the ERP system must be able to adapt to these changes. Feedback from a properly developed system will often influence or trigger these changes.

Local and Wide Area Networks.

While I am focusing on the software aspects of the ERP system, we cannot ignore the aspects of the hardware. New developments in hardware technology have enhanced the ability for computer systems to share information.  The developments in interconnections using local networks has changed the personality of the computer in the work force from dumb terminals tied to a mainframe, limiting the users to applications developed on and for the mainframe environment, to the use of desktop computers that can run standard packages such as word processing products, spread sheet products, an email.  The PC based local area network also allows connectivity to the Internet and a variety of business-to-business related applications. Wide area networks allow business with multiple locations to connect their individual servers together in order to share information and processing. This development brings the local resources together creating a much more powerful ERP solution than the individual servers could provide, while maintaining the stability and control at the local level.

This diagram shows a typical installation of a local and wide area network being used in an ERP environment.  This application uses frame relay architecture to support the wide area network within the Internet backbone.  I have also included connections from outside ISP’s as used by customers and remote offices, and a remote user laptop. Remote user connections are provided using 800 numbers connected through a modem.
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Client/Server Applications.

Over the past 20 years, software has evolved as the hardware has improved.  With the developments in the mini-computer and microcomputer hardware technology new methods of processing data has also been developed.  Sophisticated client-server processing has replaced development once done for the mainframe computer system using dumb terminals.  The client-server architecture uses powerful microprocessor based servers to host server-side databases and applications, and desktop PCs to host client-side data and applications. The result is a powerful and efficient use of computer resources, moving much of the processing to the local user.

Open Database Connectivity  (ODBC)

In the development of an ERP, developers must consider standard technologies during the planning an implementation phases of the project. In order to insure a successful and efficient operating environment, it must be OBDC compliant. Open database connectivity is the term used to determine whether the data structure has the capability to connect with the outside world.  Simba Technologies and Microsoft Corporation as part of the ANSI standard as presented by the SQL Access Group in 1989 developed the ODBC standard in 1990.   For software databases to be labeled as ODBC compliant they must have an ODBC supported table file with all data elements properly labeled. This convention allows data within the database to be accessed and modified by all other ODBC compliant programs such as Microsoft’s SQL, and Transoft’s UBL.     

Internet Application Interfaces.

In the fast paced world of E-Commerce, all successful ERP developments must be Internet ready.  As businesses become more and more dependent on accurate and timely data, the Internet provides easy access to information transmitted between vendors and consumers.  Web sites can be used in the area of market exposure, providing a powerful sales tool at a minimal cost. With the web site additional functionality can be added allowing customer feedback, order entry, order status and shipment tracking.  Internet application interfaces are commonly deployed using html code to display web pages and cgi scripts to access data from the server databases.  In my development, the web server operates on a Unix platform and uses cgi scripts requested by html form-post requests.  The cgi-scripts pass the request to an application program that is designed to access the data and produces dynamic html. The html is then sent to the users IP address and the output is displayed on the users PC. The process then resets awaiting a new request.  Using dynamic html the presentation to the customer can be adjusted to match the customers’ individual needs and permissions.

Report Generator.

Once data is collected in an ERP system, there are several ways in which the data is used. Reporting has been and still remains one of the most useful tools a manager has in monitoring operations and making critical business decisions.  Effective reporting must provide timely and accurate information with enough detail to be informative without being too verbose. In order to provide a broad spectrum of reporting at a reasonable cost a report generator capability must be included in a successful ERP development.  Report generators can be used to produce management reports, user reports and customer specific reports.  Data on reports can be detail or summary and provide historical analysis, trends, and future business projections.  Financial managers can be provided with sales, profitability, and financial analysis reports.

Software Modules By Function

The various software modules can be broken down into three major categories. These categories are compliance, monitoring, and analysis.  A properly developed computer system will be structured in such a way as to maximize the effectiveness of all three of these categories while reducing the input necessary to accomplish its tasks. 

Compliance

Compliance is that which you must do to operate your business.  Under compliance are the following modules.

       Price book & Cost Estimating

       Order Entry & Customer Service

       Scheduling & Production

       Shipping

       Billing & Accounts Receivable

       Accounts Payable & General Ledger

       Payroll

       Web Inquiry & Tracking

In order to get the business you must be able to produce a timely and competitive quote.  Once the quote is accepted you will turn the quote into an order.  The product will then be produced using scheduling and production supported by the EPR system.  Shipping the product will update the production and accounting modules and provide tracking information. After shipping the product you will produce an invoice and record accounts receivable data. As part of the manufacturing you will purchase raw materials and production related expendables and record the accounts payable data. You will have to keep payroll records, issue pay checks and record payroll data and finally you will be required to issue financial statements and comply with government reporting requirements.

Monitoring and Control

The second category is Monitoring and Control. Monitoring and control are those things that must be done to see where you are in your business plan.  Software modules related to monitoring and control are as follows.

             Raw Material Control

             Job Costing

             Data Collection

             Purchase Order Tracking

             Finished Goods Inventory

             Forms Management

 Raw material control is the module that keeps track of raw materials that are used in the manufacturing of the finished product.  To insure there is sufficient material on hand the raw material control system must have the capability of projecting consumption based on historical data and new business projections. In addition to raw materials the system needs the ability to monitor expendable items such as packaging products.  A properly designed ERP system will include a raw material control module that will collect job cost data simultaneously with raw material consumption. Job costing will also be necessary to record labor expended in the manufacturing process.  A properly designed ERP system will provide job cost labor reporting simultaneously with the collection of payroll data.

 Data collection is the software and hardware module that will provide both job costing data in the form of raw material consumption and labor reporting as well as job tracking through the manufacturing process.  Data collection typically involves the use of scanners and barcode readers placed within the manufacturing facility at various stations along the manufacturing process.  Data collected at these stations is used to track job flow, measure efficiency, and report problems encountered during the manufacturing of the product.

 Purchase order tracking is the module that is used to monitor outside purchases of materials, record receipts and accounts payable data.   A good purchasing system will provide vendor analysis and track material cost trends for budgetary purposes.

 Finished goods inventory provides a method of tracking completed products for warehousing and distribution.  The finished goods inventory module also provides inventory management reporting for the consumer, monitors warehouse levels, sets and maintains reorder points, and issues low stock notices to the sales and customer service departments.

Analysis and Management

The third category is Analysis and Management.  Analysis and management are those functions that you do to see if your following your business plan and provide the feedback necessary to make corrections and adjustments in the operations or marketing plans.  Software modules related to these activities are the following:

             Order Tracking

             Production Backlog Reporting

             Job Cost Reporting

             Financial Reporting

             Sales & Profitability Reporting

             Profit Plan

 Order tracking is the process of tracking the order flow though the manufacturing process. A workflow schedule is established as part of the quoting process and work is scheduled during the order entry process providing departmental due dates. During the manufacturing process completion dates are added to the database by the various data collection systems. Order tracking analysis looks at  scheduled versus actual completions dates as a way of  providing feedback to managers at the department level concerning productivity and efficiency.  Production bottlenecks will also be identified so that corrective action can be made.

Production backlog reports are used to update schedule information and provide feedback to the managers concerning material requirements,  equipment allocations, and labor requirements.

 Job cost reporting provides material and labor costs on a job-by-job basis and can provide analysis by cost center, department, and operation within the departments. This analysis provides managers with the information necessary to make decisions about the workflow in the departments and helps pinpoint the areas in need of correction.

         Financial reporting and sales and profitability reporting provide managers with the necessary information to determine where changes in the product offering are needed. By analyzing the business on and order-by-order basis and by product line, it is possible to determine what types of orders provide the highest levels of profit and where changes in the marketing plan are necessary.

MIS Feedback Loops

Having identified the systems and functional requirements to operate, monitor, and analyze the business, we now will take a look at the connections necessary to minimize data entry and provide feedback loops.

Connections

The first connections are those that surround the order entry process and include the quoting process and will consider all order types. Order types include new production orders, repeat orders, outside purchase orders, and release from stock orders. The diagram below shows the connections.
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       The orders file is the hub of the system files. All other files in the order entry subsystems interact with the orders file.  When a quote is entered the data is stored in the order file as a quote with the detail specs being stored in the quote file. Quotes can be stored and retrieved from a quote archive file. Orders are stored and retrieved from an order archive file so well. These connections assist the users in order entry by allowing orders to be created from quotes, and orders to be copied from prior orders. The mail file is a database of all bill to and ship to addresses as well as default customer preferences such as ship via and special handling requested by the customer. The connection to the AR history file notifies the user of credit worthiness or credit holds place on the account by a credit manager. Orders taken for products not manufactured by the company are interfaced to the purchase order tracking system using the purchase order file, while orders placed for release from warehouse stock are interfaced to the finished goods inventory files. The connection to the web order file is a replicated database that allows customers to examine order status on the Internet without being connected to the actual production system. This replication of data allows the MIS department to perform routine maintenance on the production servers without interfering with the customer’s ability to perform inquiry. A second benefit is in the collection of production data from multiple locations on to a single server dedicated to the web applications. This brings together order information from many divisions to a single point of access for the customer. 

       The next set of connections are the order planning and order tracking.  The connections are illustrated below.
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The connections for job cost create data in the orders file for estimated and standard hours and estimated and standard costs for all operations to be performed in the manufacturing of the product. Machine time is planned and production schedules are produced. Departmental due dates are added to the order database. A connection to raw material inventory adds data for the requirements analysis and creates allocations in the inventory files. Estimated material usage and estimated material costs are also added to the orders file. Standard material amounts and standard costs are also added.  Connections to data collection are made to create bar coded documents for order tracking and updating of departmental completion dates.  Data collected through data collection activities updates the orders with actual labor times and actual material consumption. Data updated into the orders file is replicated to the web server for Internet access.

The completion of the order process is the shipping and billing of the order. The following diagram shows the connections.
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The connections provided by shipping trigger the billing process. Once the shipment is completed the shipping charges are recorded in the orders file and auto billing is initiated. If the order is truck shipped the billing is held awaiting the trucker’s invoice from the accounts payable modules. Once billing is completed the invoice data is sent to the accounts receivable files. Invoices are sent to the customer via electronic file transfers or paper invoice via the postal services. 

The final connections are those in the accounting areas. The diagram below shows these connections.
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        The accounts receivable gets its data from the billing. The accounts payable receives its data from purchase order tracking and payroll, and payroll gets its data from data collection. All of these update data to the general ledger.

Financial Analysis

The first step is financial analysis.  Financial analysis will allow you to get the big picture and help up to identify the areas that need to be examined more closely.  The feedback sources are raw material control, job costing, profit plan, accounts payable, payroll and accounts receivable. The feedback is provided in the reporting of actual versus budget, product line profitability, actual versus absorbed costs, and volume variance. Starting with actual versus budget you will determine if your operations are operating within their budgeted costs.  Product line profitability will provide insight on the effectiveness of operations in specific product lines and indicate where changes in the operations or marketing are needed. Volume variance will provide feedback about plant volume and its effect on cost absorption and overhead.

Sales and Profitability Analysis

Once the general financial analysis is complete, a closer look may be necessary in order to pinpoint specific areas in need of correction.  Sales and profitability analysis can provide the necessary data. Specific reports are provided to analyze sales volume and product cost by product line, by customer, by geographic area, and an unlimited variety of other sorts and extractions. These reports provide feedback to sales managers in order to help them make strategic marketing decisions. Additional feedback is provided to production managers showing trends and projections for future business planning.

Individual Job Analysis

Cost analysis is further broken down to provide analysis by cost center, employee and by operations within the departments.  The feedback sources are job cost, data collection, and cost center budgets and forecasts.  The feedback is provided in the reporting of estimated versus actual hours, estimated versus actual cost, and estimated versus standard costs. Feedback at the cost center level will assist managers in determining possible equipment or procedural problems. Feedback at the employee level will assist in determining where employee problems exist or where addition training is necessary.  Analysis of actual versus standard hours and actual versus standard costs will help managers in determining how the equipment and employees are performing compared to the accepted industry standard. 

Data Collection

 The use of automated data collection has several advantages when the feedback connections are complete.  The use of foreman alerts is an effective way to increase productivity by alerting the foreman or production manager of possible production problems while they are occurring. This type of feedback will assist the manager in taking corrective action and reduce production waste. In addition to providing immediate feedback to the managers, the use of data collection when integrated with job cost, raw material control and payroll, is an effective way to reduce wasted duplication of effort in the capture of compliance data.

Credit Reporting

An integrated credit reporting system can provide additional protection from waste by warning order entry and production when the customer becomes a risk. Credit warnings can assist managers in making decisions about sales and marketing and provide the tools necessary in the collection of past due or seriously delinquent accounts.

Summary

       The use of an integrated ERP system with proper connections can provide feedback from order entry, production, shipping, billing and accounting functions. These feedbacks are the tools necessary for managers at all levels to monitor and control the companies activities and help managers make critical decisions about the future business needs. Without these feedbacks companies operate without the data necessary to stay competitive in the ever-changing market place. 
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