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This paper describes the role of simulation modeling in re-engineering the retail business processes. Contemporary management is characterized by great dynamism which is especially notable in retail sales.  In order to survive in the highly competitive conditions of the marketplace, enterprises have to constantly change and redesign their business processes. Successful strategic decision making, effective investment of limited resources and efficient use of time are essential for business survival. This goal is achievable only by assuming control of information with the help of a retail information system. One of the success factors in business processes re-engineering (BPR) and development of an information system is the use of simulation modeling methods and tools.





1. INTRODUCTION





The improvement of business processes is an important goal of every enterprise. New conditions in the marketplace have given a special stimulus to modeling business processes over the past 10 years: product expansion, competitive sales conditions, development of global, world distribution networks, better informed customers, and orientation of the businesses toward their customers and satisfying their individual needs. The retail business processes are directly focused on customers and have to continually respond to changes in the business environment. 


�
In light of this, re-engineering of business processes has often been employed,  and simulation modeling is a frequently utilized approach used to investigate alternative business processes. Simulation modeling is process-oriented. Simulation enables modeling of process dynamics and anticipation of reengineering effects in a quantitative way, and thus fits naturally with the BPR concept.





Contemporary trends have accepted and confirmed the fact that information is a strategic resource of a company’s business. The reason for that is in the great dynamism and complexity of the changes that are taking place in the (retail) business and its environment. The goal of a retail information system is the constant collecting, analyzing and reporting of past, current and future improvements which are influencing the retail business.





The structure of this paper is as follows. In section 2, the retail business process and the retail business cycle are described. In section 3, the most important and relatively largest costs in a retail business are discussed and the methods for retail business process improvement are suggested. BPR and simulation modeling are described in section 4. In section 5, a computer supported retail business process model is presented. According to the goals of the retail business process improvement in section 3, the example of computer supported retail business process from section 5 is modeled using DES-nets in section 6. Finally, in section 7, the results of using simulation modeling in re-engineering the retail business processes  are summarized. 





2. THE RETAIL BUSINESS PROCESS





Business processes can be described as a series of logically connected activities which utilize the resources of the business, and whose final goal is the satisfaction of the needs of customers for products or services of an acceptable quality and price, within an adequate time and adequate profit (Martin and Fowler, 1994; Harrington, 1991, Davenport, 1993). Processes directed at the customer and the satisfaction of his needs are considered to be the basic processes of every business, and especially retail sales. The enterprise communicates with its environment in the outworking of these business processes, of which the most important is the communication with its customers (Jacobson et al, 1995). 





The retail business is the broadest form of commercial activity and we can define it as the sales of smaller quantities of goods and/or services to the end consumer for his personal, non-commercial consumption. A great number of various products and services need to be distributed to a growing number of more and more demanding customers. This leads to the appearance of a whole range of the most unlike forms of retail business (the conventional store, supermarket, specialized shops, department stores, discount houses, a catalog display salon, automatic product dispensers, electronic shopping, etc.) with differing organization mechanisms. In this paper, the larger supermarket model as an independent organization of retail business is being considered. The supermarket is a relatively large self-service store with low costs  and a large volume of business aimed at satisfying the combined need for food, clothes and household supplies (Kotler, 1991). The primary characteristics of supermarkets are: a large variety of articles with a variable purchase frequency, a high purchase frequency of most of its articles, and a large sales area.





The retail business cycle





Every commercial process can be globally defined as a cycle including purchasing, stocking, handling and sales of merchandise (Falk and Wolf, 1991). The retail business processes include the following: supplying (purchasing), receiving of goods, stocking, preparation of goods for selling, displaying the goods and the sales process.





Even though the main activity and primary task of retail business is directed toward the process of sales of goods and services, the retail process in fact begins with purchasing these goods and services. This activity is especially important as mistakes and their consequences multiply and stretch through the whole retail business process. The purchasing activity has to insure stocking of those goods and services which will guarantee continual sales and satisfy the needs of customers, product quality at an acceptable price, computerized control of stocks, monitoring of demand, the competition’s inventory, the customer’s opinion, as well as keeping in line with limited sales and warehouse space, financial potential, seasonal turnover, delivery time, etc.





Receiving the merchandise involves comparing the quantity and weight of the goods with the data in the transport documentation (load list, shipping bill, etc.). The merchandise needs to be received as fast and as accurately as possible with as little disturbance as possible to the normal business processes.





Stocking of goods is tightly tied to the firm’s inventory policy. Inventory in retail means the combined merchandise located in the shop, on the shelves, on display and on hand in the warehouse, representing a harmonization of the shop’s assortment with the consumer’s needs.  The existence of inventory finds its basic justification in guaranteeing continuity of sales and purchases of larger quantities; thereby resulting in reduced purchasing costs per unit.  Effective inventory management means finding a balance between purchasing costs, stocking and maintaining sales continuity, or a stock balance. The solution to this problem represents the basic orientation to profitable retail business.





A stocking policy has to solve the issues of optimal height and shaping of the technical-organizational area and, with it, enable maintenance of “sales and purchase preparedness” (Segetlija and Lamza-Maronić, 1996). Modern information technology has a large influence on inventory policy, and more and more frequently is an imperative for a retail operation’s survival.





In the process of preparing the merchandise (handling the goods), we can include all the jobs which make the merchandise saleable, customer-ready: unpacking, cleaning, making adjustments, completing, sorting, repackaging, etc. (Brčić-Stipčević and Hruškar, 1995). Special attention needs to be paid to labeling the merchandise, which means marking the merchandise appropriately (price, quality, instructions for use, bar code, etc.).





The goods need to be displayed in order to accomplish goals such as: increasing sales, directing the customers into the store, stimulating buying, creating customer friendliness, and the like. The quality of the goods display has a large influence on the turnover in the shop and special attention needs to be devoted to that activity.





Sales represent the final and most important phase of the retail business process and encompasses every activity focused on serving the receiver. The sales business process includes activities of negotiation, finalizing and carrying out of the sale. Following the negotiation and finalizing of a sale, the calculating of the goods sold, i.e. issuing a receipt, is performed. The receipt is published via a cash register (mechanical, electronic or computerized) which, at the same time, records the sale in the shop. The sale and collecting is done either by a cashier or sales person, depending on the type and organization of business in the retail shop. Payment for the goods can be made in cash, by local check, with a credit card, etc. When payment is done by check or a credit card, the cashier or sales person has to check the validity of the check card, check or credit card. For larger amounts, which are paid by credit card, authorization is required by calling the credit card issuer, while modern electronic cash registers carry out that function automatically (via so called EPOS terminals).





Packaging and issuing of merchandise represents the final phase of the sale and completes the whole sales/purchasing process. Along with receiving the money this activity defines the final position of the customer toward the shop.





3. THE RETAIL BUSINESS PROCESS IMPROVEMENT





The increasingly complex conditions of retail business create the need for constant advances in the retail process and increasing productivity so as to become more successful in relation to the competition. General improvement of the retail process is directly related to accomplishing the following goals.





Minimizing the risk of excess and standing inventory, quicker inventory turnover, reduction of inventory in the warehouse, optimizing delivery, reduction of dirt, waste and breakage, and better usage of the work area are all accomplished through modernizing  inventory control.  Effective inventory management is one of the basic orientations of retail business, as research has shown that almost 30% of the articles in inventory sell very slowly or not at all, while 10% of the most sought after articles are not even present in the shop (Jones, 1992). Order and discipline in purchasing, monitoring the marketing mix, a strengthened purchasing position,  monitoring the effect of promotions, better brand comparisons, faster decisions about the transfer of goods, better merchandise distribution, better decisions about price reductions are accomplished by modernizing merchandising and purchasing.





Reduction of administration/paper work, more effective use of labor, faster transactions, improvement in customer services, more accurate price calculations, reduction in labeling goods, immediate and simplified price changing, theft reduction, monitoring staff in purchasing and better payments are realized by modernizing operating functions. Minimizing the costs of debts (losses), quicker credit transactions, faster payment, reduced paperwork are brought about through modernizing payment monitoring. 





Better inventory control, better merchandising and purchasing, better operating functions and better collection monitoring pull together the combined benefits which are realized as increased retail business turnover, increased gross retail margin, reduction of business costs and losses.











Cost reduction in retail business





The increase of productivity creates a reduction of costs. The most important and relatively the largest costs in a retail business are the costs of the work area, labor costs and the cost of inventory (Wargurg, 1992).





Reduced work area costs can be realized through better use of space, linking the producer/supplier and shopkeeper with the goal of reducing handling costs through improved packaging, changing the delivery procedure, testing the profitability of alternative plans for space usage of shelves and locations in the shop.





Savings in labor costs can be realized through reducing the number of staff needed, improved work monitoring, fewer worker fluctuations, better distribution of work hours, speeding up of transactions, etc. Locating bottlenecks guarantees faster and more accurate processing of almost all transactions in the retail process, thereby reducing the needed number of staff. Information about the attendance and work of workers by measuring the number of transactions per shift/worker makes possible the construction of a quality motivation and work stimulation system, with which worker fluctuations are reduced. Modernization of the distribution of workers’ hours increases sales, reduces customer wait time, reduces overtime and underemployment, guarantees better monitoring of costs and reduction of theft (more workers during the heaviest sales time), etc. By measuring the dynamics of the arrival of customers at the cash register, measuring the length of the average waiting line at the registers, with classical work-studies, recording employee attendance, and then analyzing all this data for a longer period assures effective monitoring of work hours, and thereby distribution of work time.





Inventory costs can be reduced in a number of ways. It is possible to keep track of what the customer buys and activate new orders at the moment of buying and thereby to focus on the actual needs of customers. Data about the quantity of the article on stock makes daily forming of order possible, which automatically gets passed on to the supplier. The supplier, on the other hand, works over the timely order, classifies and assembles it and ships it via the ideal cargo arrangement, taking into consideration the destination’s distance, the weight and volume of the shipment, the urgency of the delivery, and the optimal means of transport.  This assures regular resupplying of stock, reduces the level of inventory in the shop, improves service to customers, and optimizes the readily accessible inventory in the warehouse, and large combined orders reduce purchasing costs. This whole process is very complex with conflicting goals, as reducing costs on one side very often raises costs on the other.





For the accomplishment of the above goals, it is essential to define the problems of the existing retail business process, determine their causes, then, with appropriate methods and software tools, develop and apply a model of an improved retail process. Significant improvements are possible only when the changes are innovative and radical, like in BPR.  





4. BUSINESS PROCESS RE-ENGINEERING AND SIMULATION MODELING





Re-engineering is a method, which has become an essential part of each project, which has the goal of modernizing a firm’s operations and business processes management. Re-engineering is a critical analysis and radical redesigning of existing business processes for a significant performance improvement of the business system (Davenport, 1993). Even though there are no strict rules for carrying out re-engineering, nevertheless an approach is needed which can be divided into the following steps (Chase and Aquilano, 1995):


identification of existing processes


analysis and development of a model of existing processes


creating a new model of the process - rejecting the existing rules, procedures and values and creating new ones, using appropriate tools and techniques,


testing and evaluation of the new model.





Identification of existing processes assumes defining all the existing business processes and choosing from them those where innovation is needed in order to reach the desired goals. All of the selected existing processes have to be analyzed and modeled, giving the basis for a global survey system (an “as is” model). This is followed by redesigning the process, e.g. creation of an improved model of the process (a “to be” model). Information technology is built into all these processes as the key success factor in re-engineering. The new model is tested and evaluated before beginning implementation, and after that comes the realization of the re-engineering process.





In the re-ngineering of business processes, various approaches are utilized, such as: quality management, benchmark analysis, cost/benefit analysis and simulation modeling. These approaches differ according to their goals and result in various kinds of changes in the business of the firm. Simulation is a very useful tool for the re-engineering of business processes (Tumay, 1995, Swami, 1995). There are a number of reasons for utilizing simulation in re-engineering business processes:


business processes are very complex and dynamic


most business processes are nondeterministic and subject to a wide range of chance variables


the activities and resources, which make up one business process, are interdependent


business processes impact other business processes within the same firm, and are also subject to the influence of outside factors.





There are numerous examples of utilizing simulation in the re-engineering process (Harrell and Field, 1996; Giaglis et al, 1996; Painter et al, 1996; Bhaskar et al, 1994), so in the following text, simulation modeling in the retail business process is portrayed using a DES-Nets application.





5. A COMPUTER SUPPORTED RETAIL BUSINESS PROCESS MODEL 





Figure 1 shows the retail organization - a supermarket as an independent store where (sub)systems of sales and purchasing are organized within one organizational unit. The basic retail sales processes of regular restocking of merchandise are portrayed as carrying out the following activities: sales of goods, reordering, receiving goods, preparation of goods for sales (coding and calculation), stocking goods in the warehouse, displaying goods on shelves and in store windows and resale. Managing the merchandise cycle demands information, so an information cycle keeps track of the flow of goods, which is computerized. 





Data and information about sales are collected at computerized sales areas (so-called EPOS, Electronic Point of Sale). Collecting the data takes place in a back-office. The processed data is the basis for the analysis of sales, accounting and financial operations. The sales analysis information is turned into an order system, enabling decision making about new orders to be sent to the supplier. The purchasing system analyzes the information about sales and, within the framework of its projects and budget limits, sends the order to the supplier (or producer). The ordered goods are received into the store. The information system supports the logistical operations of receiving and stocking merchandise in the store, and inventory control. The retail business cycle is completed with the sale and payment of the merchandise, where EPOS records the sale and automates and monitors payments. EPOS includes a module for automatic electronic payment (Electronic Fund Transfer), supporting systematized payment. 





Establishing a direct link via credit card and/or a banking organization assures automatically authorized payment and automatic control (by regular and automatic sending of the credit card’s stop payment list), which modernizes the whole system of non-cash payment in the store. This kind of EPOS is called an EFTPoS terminal. Most frequently, this involves an additional device hooked up to the computer at the sales area and a direct phone line to the central credit card company office and/or bank. This bypasses the whole procedure of calling up the credit card company or bank to seek authorization from their stop payment list, which can take a number of minutes, thereby essentially slowing down the business process. 





Besides the information flow accompanying the flow of merchandise, a retail sales firm’s information system includes a whole range of administrative and management operations (e.g.  personnel management, marketing, planning and analysis, etc.), where each one is focused on turnover as the “productive activity” of a retail sales business.





The most modern information systems make possible electronic ordering, by an EDI (Electronic Data Intercharge) system, and built in instruments of direct product productivity (DPP) which make possible space management and assure a higher quality control of displayed goods (displayed on shelves). DPP technology is oriented toward maximizing the limited profitability of retail business organizations through precise defining of functions of reordering and goods display (Jones, 1992). 





A totally integrated information system, integrating the whole information flow accompanying the movement of merchandise from purchase to sale, assures support for a total retail business operation. Variation and changeableness of the retail business creates the need for modular constructions which make possible shorter development, simpler maintenance, and greater reliability of the information system (Vujaković, 1995). Relational databases, object oriented methodology, and, most recently, the concept of data warehouses help greatly with these requirements.








6. MODELING THE RETAIL BUSINESS PROCESS USING DES-NETS





Starting with the goals of modernizing the retail business process defined in section 3, and utilizing the example from Figure 1, it is possible to define scenarios of a simple retail process and model it using some of the simulation methods. The existing retail process is analyzed along with its shortcomings, and then the results of the analysis and modeling are used in the re-engineering process as the basis for developing an innovative and improved model of the retail business process. The simple retail process can be divided into three phases consisting of series’ of activities, and which can be defined as: the sales scenario, the purchasing scenario, and the stocking scenario.
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Figure 1: A computer supported retail business process model





Sales scenario:


1.	The customer enters the store.


2.	The customer chooses goods from the shelf.


3.	The customer waits for authorization.


4.	The customer pays the salesman for the goods.


5.	The customer takes the goods from the salesman.


6.	The customer leaves the store.





Purchasing scenario:


1.	The retailer determines the need to order goods.


2.	The retailer decides which supplier to order from.


3.	The retailer sends an order to the supplier. 





Stocking scenario


1. The retailer receives the goods from the supplier.


2.	The retailer encodes the goods.


3.	The retailer stores the goods in the warehouse.


4.	The retailer displays the goods on the shelves.





Application of simulation modeling requires  the defining of elements which were not shown in Figure 1, and these are: resource capacities, the time duration of activities, rules and probability of activities occurring, and the dynamic of entities coming into the system. 





For modeling the retail business processes, DES-nets (one kind of Petri net) have been selected. Petri nets are a graphical and mathematical method and a tool for process modeling which is applicable for modeling any system behavior and is often used in simulation modeling. Petri nets model events or activities (using transitions, depicted by bars) and conditions (using places, depicted by circles). Events (transitions) are connected by direct arcs with input conditions (places) which have to be fulfilled so that the event can occur, and with the output conditions that will be fulfilled after the accomplishment (firing) of the event. The system dynamics are depicted by tokens, which enter the places and leave them again after the event is completed.





There is a large and growing number of different Petri net extensions for discrete event simulation  (Reisig, 1991; David and Alla, 1994; Heuser and Richter, 1992; Pinci and Shapiro, 1991; Torn, 1981). These extensions have had to be introduced in the ordinary Petri nets in order to enable modeling of real systems, but it is also useful to define a standardized Petri net extension for discrete event simulation, like DES-nets (Čerić, 1995). The objective of this paper is not to study the variety of Petri net extensions or their standardization through DES-nets, but to portray their modeling power through the example of a simple retail business process.





Figures 2 and 3 show DES-nets for the previously defined scenario of a retail business process. A customer arrival event initiates the buying phase (Figure 2). A single token in the “outside” place cycles through the transition “customer arrival”. Its duration ta is a random variable describing customer inter-arrival time. When arrival occurs, one token is again deposited back to the “outside” place and another one to the “waiting” place. Ten percent (10%) of the customers do not use the resources of the shop, but just look around and then leave, whereas 90% of the tokens from the “waiting” place initiate a “buying” transition.  





There are two conditions which must be fulfilled to initiate a “buying transition”: (a) at least one token must be in the “waiting” place and (b) a certain combination of tokens need to be in the “goods in shop” place (initially there are 1000 tokens of type R1 and 2000 tokens of type R2 representing the articles in the shop). It is estimated that every customer buys five articles, one article of type R1 and four articles of type R2. After tk minutes, a “buying” transition is finished and one token that represents the customer and his articles is deposited to the “waiting to bill” place. 





The following conditions must be fulfilled in order to enable a “billing” transition: (a) one token in the “waiting to bill” place, (b) one token in the “EPOS ready” place (beginning with five tokens in that place initially), and one token of type P3 (cashier, five tokens in total) in the “salesman free” place. This “billing” transition has the highest priority for the cashier (priority = 1). This transition is finished after tf minutes, since the value of  the number tf is generated by a random number generator. 





There is a probability rule assigned to output transitions of the  “waiting to pay” place. It is estimated that 30 % of customers pay by credit card and an output transition that fires will be selected randomly according to these probabilities. If there is at least one token in the "telephone ready" place, it will participate with the customer and his articles, the cashier and EPOS (P3, K, R, E) in an "authorization and payment" transition.  After tv minutes, the transition is finished and one token is deposited to the “telephone ready” place again. The other tokens are deposited in the “ready to take goods” place and they fire a “taking goods” transition.  





When a customer pays in cash, additional resources are not needed and the “paying” transition is enabled. Transition lasts tp minutes and then, like in the former case, one token is deposited to the “ready to take goods” place.  After ti minutes, tokens representing the customer and articles move to the “customer and goods leaving” place, one token of P3 type moves to the “salesman free” place, while one token (EPOS) moves to “EPOS busy” place. 





A “communication with BackOffice” transition represents communication between computers that lasts a very short period of time after which the EPOS is again free, while the BackOffice computer participates in a “sales analysis” transition, described later.     





There is the part of the model in Figure 2, which controls a work cycle. Time units in the model are minutes.  The shop works 13 hours each day and the transition “work” and its duration of 780 minutes show this period of time. Initially, the control token is in a “start work” place. It will stay there for 13 hours and during this period the shop will operate normally. After the transition “work” fires, the control token will be deposited to the “end work” place. A new “customer arrival” transition cannot start while it is there, since the place is linked to the inhibitor arc. After 11 hours (660 minutes), when the transition “daily break” is finished, the control token moves to the “start work” place and “customer arrival” will start again.      





The ordering phase is also shown in Figure 2. There is one “BackOffice” computer that communicates with the EPOS and initiates a “sales analysis” transition. If the quantity of goods in stock is equal or less than the minimum quantity, and if its two input places have: (a) at least one salesman of type P1 (manager, with the capacity 1) and (b) one BackOffice computer, then a “decision about ordering” transition is initiated. There is also one priority rule assigned to a “decision about ordering” transition.  Priority 1 means that this transition has a higher priority for a salesman/manager and this transition needs to be enabled before “receiving goods” activity. 





When a decision about ordering new goods from suppliers is completed, “update” transition fires. Firing of this transition simulates an update of an accounting database. The assumption is that the information system supports the inventory control system that then signals the need for ordering goods, but the salesman/manager finally selects the supplier. 
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Figure 2: DES-net of sales and purchasing scenario





Figures 2 and 3 have the places “salesman free”, “order to supplier” and “goods in shop” in common because they utilize the same resources.
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Figure 3: DES-net of the stocking scenario





A receiving goods scenario is initiated after a “decision about ordering” is completed and one token is deposited to the “order to supplier” place. After tb minutes, an “ordering goods” transition is finished and 50 tokens of type R1 and 200 tokens of type R2 are deposited to the “goods to receive” place. An arc with the inscription 50 R1 + 200 R2 is called an arc with weight since it is equivalent to a set of parallel arcs connecting the same pair of nodes in the same direction. If there is a combination of 50 tokens of type R1 and 200 tokens of type R2 at the “goods to receive” place, and at least one token of type P1 and 2 tokens of type P2 in the “salesman free” place, the transition “receiving goods” will fire. 





The next transition, called “articles coding”, is fired only if a certain combination of tokens and colors exists in  the “received goods” place. This takes tz minutes and then tokens are deposited to the “articles coded” place. The following route of the tokens depends on the probability rule.  It is estimated that in 30%, a “stocking and exhibiting” activity is fired. Firing of this transition has lower priority for the cashier, than the firing of a “billing” transition. If there is no need for exhibiting the goods, the transition “stocking” will be fired and in that case no other resources are needed.  Finally, all the resources are free (tokens P1, P2 and P3 are deposited to the “salesman free” place) and the goods are in the shop (tokens R1 and R2 are deposited to the “goods in shop” place).





7. CONCLUSIONS





Contemporary management is increasingly dynamic that retail business includes some imperceptible trends. Survival and growth of enterprises in current market conditions demand constant modernization of the business processes and increased productivity, a reduction in the costs of warehousing, space and labor. One of the ways to accomplish these goals is BPR using additional features included in simulation modeling methods.





Simulation methods have characteristics needed for the analysis and modeling of dynamic business processes. They include: the influences of random variables on the business processes,  measure system performances and portray them in a quantitative form, thereby portraying the dynamics of the process in a way that other modeling methods do not. Modern simulation software tools enable graphic user interface, user interaction, visualization and animation of processes, graphical representation of simulation results, simulation experiment repetition and appropriate textual and graphic documentation of the whole modeling process. For this reason, the application of simulation methods and tools is important for the successful re-engineering of all business processes, and is especially important for retail business processes.





In this paper, the use of simulation in BPR is shown in the example of a simple retail process model using Petri nets (DES-nets) because of their powerful possibilities. Further research will be directed toward modeling the retail business process of an actual enterprise using modern simulation software. 
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ULOGA SIMULACIJSKOG MODELIRANJA U REINŽINJERESTVU MALOPRODAJNOG POSLOVNOG PROCESA


Sažetak





U radu je opisana uloga simulacijskog modeliranja u reinženjerstvu maloprodajnog poslovnog procesa. Suvremeno gospodarstvo obilježava sve veća dinamičnost koja je u maloprodaji poglavito naglašena. Da bi opstala u uvjetima snažne konkurencije na tržištu, poduzeća moraju neprekidno mijenjati i redizajnirati svoju strategiju i poslovne procese. Za opstanak maloprodavača nužno je uspješno strateško odlučivanje, učinkovito ulaganje ograničenih sredstava i učinkovito korištenje vremena. Taj cilj moguće je ostvariti samo uz pretpostavku ovladavanja informacijama uz pomoć maloprodajnog informacijskog sustava. Jedan od faktora uspješnosti u postupku reinženjerstva poslovnih procesa i razvoja informacijskog sustava je primjena metoda i alata za simulacijsko modeliranje. 
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