CS1001  Introduction to Programming 

D Term 2000 


Project -- grocery store simulation

1. Goals and Objectives 

The primary goal of this project is to have you work on a larger program over a longer period of time than the labs and homework. We also want to show you something beyond "just" programming, in this case simulation and queuing theory. 

2. Project Overview & Submissions

The project is a simulation of the checkout lines at a large grocery store.  This is a group project (each team should have 2 students). You have until Monday May 1 to complete this project.  There will be no extension. 

It will be hard for you to do the project now because we have not covered all the concepts and language constructs needed to finish the project.  Between now and the week before the final due date, we will explain the components of the project in class.  We will work together on some of the high level designs and coding.  Every two week, you should turn-in partial results of your program so that (1) you are not waiting until the 11th hour and (2) we can give you some feedback.  These turn-in dates are Mondays 4/10 and 4/24.

3. Background Information 

Many real life systems behavior like first­in-first­out (FIFO) queues. So queue are frequently used in simulations.  There is a whole area in mathematics devoted to the study of queuing systems and their behaviors. In this project you'll learn a little about queuing systems and simulation. 

Computers are frequently used to simulate real life systems to learn about their  behavior under various conditions. It is often much cheaper and easier to try out new ideas on a computer model than it is to change the real system.  In many situations, it is impractical and/or dangerous to test the changes on the real system. For example, simulating the results of missile launches, and calculating the effect of a course change on a space probe like Voyager; you only have one chance with the real thing, so you want to do the testing with a computer simulation. 

4. Brief Introduction to Queuing Theory 

The system we are going to simulate is a grocery store's checkout lines. In the typical setup for a grocery store, each cashier has his/her own line of customers that stand and wait for service. The line of customers is actually a queue; the person at the head of the line gets service, and new arrivals are added to the end, so the customers are served in the same order they arrived. That is classic first-in-first-out (FIFO) queue behavior. This particular model of having a queue for each "server" (cashier in this instance) is called a multiple queue/multiple server model. A different model that is commonly used in banks and in airport ticket counters is a single queue/multiple server model: there is one line of people and the customer at the head of the queue is served by whichever server becomes available next. Queuing theory tells us that a single queue/multiple server model tends to reduce the average time spent in the system by the customers. If we have time, we'll try a solution that shows this difference for this problem. 

Before simulating any queuing system some standard information is required. Two pieces of critical information are 

(1)  arrival rate - the average rate at which customers arrive, and 

(2)  service time - the average time it takes for the server to check out the customer. 

While there will be a system­wide average, each customer may have different values. We will assume that the arrival rates and service times have a Poisson distribution. This means that the events are independent of each other (i.e., what happened in the past does not affect what will happen in the future). It also means that the values less than the mean occur more often than values greater than the mean. For example, if the mean service time is five minutes, there will be more customers having a service time less than five than greater. The probability that the service time will be vastly larger than the mean is virtually zero. These same concepts are used to model many different kinds of systems. 

Our grocery store checkout area is simplified from a typical store, so your experiences at retail establishments will help you visualize the system operation. Our model is made up of an arbitrary number of checkout stations, each with its own queue. Each of our checkout stations is functionally equivalent; that is, there are no express lines, no­candy lines, cash­only lines, etc. that you find in many grocery stores. Again, if we have time later, we can discuss the implications that different types of checkout stations would have on the design. The number of checkout stations will be input at the beginning of the simulation. 

When a customer is ready to check out (enters the queuing system), he/she will look at the length of each of the checkout lines and join the one with the fewest customers. This is also a simplification: a real person would consider the number of items each customer has, how fast the cashier works, and a number of other factors in selecting a queue to join; we will ignore all of these. The customer at the head of each queue is served by a cashier. When the cashier has finished with one customer, that customer leaves the store and the cashier starts to service the customer that is now at the head of the queue. 

5. Problem Specification 

The program models the operation of an arbitrary number (fewer than 15) of checkout stations at the grocery store, and collects statistics on the behavior of the system. The user will be able to control several aspects of the simulation at run time. The program does this by prompting the user to input certain parameters. 

(1) The program will use a random number generator to help determine the number of arrivals each minute and the service time for each customer, so the first value read from the standard input will be a seed for the random number generator. Please note that, for the rest of the input values, and any printed output values, the time unit is assumed to be minutes. This means that when you see the word "time", think "minutes", and when you see the word "rate", think "events per minute". 

(2) The program will then read the average arrival rate and the average service time. 

(3) The next variables in the simulation are the number of checkout stations and how many minutes of real time we want to simulate (these are INTEGERs). One of the advantages of computer simulation is that long periods of system operation can be simulated in a much shorter interval. 

(4) For each of these inputs, the value must be a number greater than zero; we will guarantee that we will always provide properly constructed numbers but not necessarily that they are in the correct range. If there is an error in the input, you are to print the message "Input a number greater than 0" and read a new value. Keep repeating this until the user enters a valid input.

Once the parameters have been read, you are ready to start the simulation. The simulation is synchronized via a clock. Each clock tick represents a minute of time in the real system. At each clock tick the followings things happen: 

(1) the customer generator is asked for a possibly empty list of new customers. 

(2) each new customer places itself on the shortest available queue, and they always start looking at queue #0, #1, etc. 

(3) each checkout station determines if the current customer still has more time left to be serviced; if so, its (not the customer's) service time is reduced by one minute. In every case, it must then check if the current customer is finished (i.e., remaining service time is zero). If it is, then tell the SIMULATION_STATISTICS "gatherer" that the customer is finished; if there is a another customer on the queue, make it the current customer and remove it from the queue. 

(4) The simulation clock is incremented by one minute. 

(5) When the simulation has progressed for the specified number of minutes, the SIMULATION_STATISTICS "gatherer" will be told to output the following statistics: 

Average customer service time 

Average customer waiting time (time in queue not being serviced) 

Average idle time of all checkout stations 

6. The Program Design 

We will work together on high level design. 

7. Project Grade 

This assignment will be graded based on 100 points. Point values will be allocated as follows: 

Documentation -- (35 points) Proper documentation is a crucial part of any well-written program. Pages 32-33 (and throughout) in your textbook talks about programming style. Your program should begin with an introductory comment that gives a brief description of what the program does. Your name and section number, your WPI login name, and the date should also be included with the introductory comments. Variable names should be meaningful; "TaxRate" as opposed to "tr", for example. If a variable needs further explanation, it should be commented (where it is declared) to describe its purpose in the program. Main sections of the program should be separated with blank lines and described with comments. 

Functionality -- (60 points) The program should work correctly on our test data. 

Timeliness -- (5 points) Sufficient progress on 4/10 and 4/24 turn-ins

8. Rules for Helping Each Other 

Remember that this should be your team's own work. You may get help from the instructor and TA.   You may talk about the project with others in class at a high conceptual level - but the final turn-in must be you team's own work.  DO NOT share source code and documentation with anyone except your partner. 

Penalties for not turning in your own work will range from NR for the course to 0 for the project.  

Adapted from Grocery Store Simulation 
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