Section: ________


In-Class Laboratory Exercise #14

(turn in after completing)

Name:

__________________________________________

Hand in this page with answers to the following:


From Step 10: 
If TNOW is 33.6 hours, what should the:



“hours” display? __________________



“minutes” display? ________________

From Step 12: 

What is Daily Profit? _______________
From Step 16: 

Bay Queue:  first member has Job Type 1 and Priority 1

Bays 2 and 3 Queue: first member has Job Type 2 and Priority 2

Which Seize has the “highest” priority (meaning lowest number)? ______

From Step 25: 

How is “Daily Late” defined? ___________________

How is “Daily Missed” defined? __________________

From Step 26: 

How many Queues for the bays? ____________________

How many Vehicle Pictures?  _______________________

From Step 28: 

Daily Late: _______________________

Daily Late Wait Jobs: _______________

Daily Missed: _____________________

Daily Profit: _______________________

In-Class Laboratory Exercise #14

Name:________________________________

Lab Purpose: Animation and Enhancing your model.  

Problem:  Automotive Maintenance and Repair Shop (Continued)

We will continue the Automotive Shop problem to add animation and enhance the model.  The enhancements will allow more efficient use of the bays and we will modify the customer arrival process and handle late arrivals and no shows.

Step 1: Copy “InClassLab14.doe” from the website.  Review that model. We would like to add animation to our model.  However the only parts of the model that can be animated are the status of appointments and the service activities.  

Step 2: Let’s start with the status of calls.  The number of appointments is given by the number in each day’s appointment queue. The array variable, Day Load is the number of book time appointment hours.  The array variable, Wait Load, is the number of wait appointments.  We can illustrate these by:
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Step 3: Copy “InClassLab14step3.doe” from the website. Notice that the first three of the five days have been animated.  Complete the animation for Thursday and Friday.  Run the simulation to be sure the animation is working properly.

Step 4:  For the service activity portion, we need to animate the waiting vehicles for service and the three bays.  Add a Bay Queue in the form of points and duplicate the pictures for Bay 2 and Bay 3, both shown below:
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Step 5: Next we need pictures to represent the changes in the entity.  Recall that the entity represents both customers (when making appointments) and cars (when getting service).  Both the customers and cars can be viewed as regular and wait appointments.  Recall that the attribute Priority has a value of 1 for Wait appointments and cars and has a value of 2 for regular appointments and cars.

Step 6: We will use Picture Sets for the entity picture.  One picture set will be used for Customers and a second for Vehicle.  We will have the first picture in each set be for Wait customer/vehicle and the second for the regular customer/vehicle.  Now add two sets of pictures (use the Set spreadsheet module from the Basic Process panel): 

· call one set “Customers”

· add two pictures

· use Picture.Red Page for the wait customer

· use Picture.Blue Page for the regular customer

· call the second set “Vehicles”

· add two pictures from Vehicle.plb
· use Picture.Red Car for the wait vehicle

· use Picture.Blue Car for the regular vehicle

Step 7: Now assign the pictures. First, in the Generate Appointment Calls submodel, in the Assign Appointment Attributes assign attribute:

Entity.Picture = Customers(Priority)

And in the Service Activity submodel, in the Assign Entity assign attribute:


Entity.Picture = Vehicle(Priority)

Step 8: Run your model and view your animation.

Step 9: Now copy “Model 05-01.doe” from the website.  We will examine some details of their animation that we did not create.

Step 10: First note the “clock” that shows hours and minutes in a day.  Recall that time in our simulation goes for twenty continuous 12 hour days, so we have to compute the hours and minutes in a day over a TNOW.

What is the expression for the “hours” display? ______________________

What is the expression for the “minutes” display? _____________________

If TNOW is 33.6 hours, what should the:


“hours” display? __________________


“minutes” display? ________________

Step 11: Look at the “Day of the Week” display.  


What animation feature is use? __________________


How does “day” get changed? ___________________

Step 12: Run the model and observe the animation.  At the end of the simulation:


What is Daily Profit? _______________
Step 13: Next we want to enhance the model through some new concerns.  First, not all jobs can be done in every bay!  In fact, only Bays 2 and 3 can handle all jobs.  Bay 1 can handle only 40% of the jobs.  So, we have two “sets” of bays.  One set can handle all jobs and another can handle only 40% of the jobs.  We already have a resource set of all bays .Using the Set feature from the Basic Process panel:


Define “Bays 2 or 3” resource set with members: Bay 2, Bay 3
Step 14:  Jobs now need to have a “type”.  So in the Generate Appointment Calls submodel, in the Assign Appointment Attributes assign the attribute:

Job Type = DISC(0.6,1,1.0,2)
Step 15:  Now we need to be sure the right bay services the right job in our Service Activity submodel.  We can simply use a Decide based on Job Type to “direct” the entities to use the appropriate resource set as:
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Be sure that for Job Type 2, you choose a resource from the appropriate resource set and fix the queue name to “Bays 2 or 3 Queue.”  Remember that the queue should be ranked to allow the Wait customers priority (as we did with the Bay Queue).

Step 16:   Since Bays 2 and 3 are the only resources that can service jobs having Job Type == 2, we need to be sure that they give the second (lower) seize priority.  So we need to change the “Priority” specification in the Seize modules as (be careful not confuse this specification with the Priority attribute):


In “Seize Bay,” use: (Priority*10) +1

In “Seize Bay 2 or 3),” use:  Priority * 10

You only need to look at the first member of each queue.  Now what if:

Bay Queue:  first member has Job Type 1 and Priority 1

Bays 2 and 3 Queue: first member has Job Type 2 and Priority 1

Which Seize has the “highest” priority (meaning lowest number)? ______

Bay Queue:  first member has Job Type 1 and Priority 2

Bays 2 and 3 Queue: first member has Job Type 2 and Priority 2

Which Seize has the “highest” priority (meaning lowest number)? ______

Bay Queue:  first member has Job Type 1 and Priority 1

Bays 2 and 3 Queue: first member has Job Type 2 and Priority 2

Which Seize has the “highest” priority (meaning lowest number)? ______

Step 17:   Now we need to address the issue of late arriving customers, some of which may never show.  This will be done in the Logic Control submodel.  Since 60% to 70% arrive on time, we will assume that percent of appointments for a given day actually show up on time.  We can model that by placing an assignment to “Determine On Time Arrivals” in front of the “Signal” module and assigning the following Variables:


On Time = ANINT(Unif(.6,.7)*NQ(Appointment Queues(Day)))

Late = NQ(Appointment Queues(Day)) – On Time

Total Late = Total Late + Late


(AINIT() is an Arena function that returns the nearest integer)

Step 18:   To restrict the number of appointments that are allowed to leave their respective “hold”, use On Time as the “Limit” in the Signal module.

Step 19:   Now some of these appointments who don’t arrive on time may arrive later.  So we may need to “signal” the late arrivals later in the day.  Data on the number of late arrivals per hour in 15 minute periods (after the first hour of the day) is:  7, 6, 4, 3, 3, 2, 2, and 1.  Note that no late arrivals occur after two hours.

Step 20:  We can achieve this type of arrival, called a “Non-Homogenous Poisson Process (NHPP)” in Arena through an Arrival Schedule.  So create a Schedule whose name is “Late Arrival Schedule” of Format Type “Duration” and of Type “Arrival”.  Its time unit is hours (same as our base time unit) with durations: (0,1) (7,0.25), (6,0.25), …, (0,9)

Step 21: Use this schedule in a Create Module for “Create Late Arrival Stream”.  It will be of Type “Schedule” whose Name is “Late Arrival Schedule.”  The actions on this entity will be done within the Control Logic Submodel as :
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Step 22: The Signal will signal with the Value of Day and have a limit of 1

Step 23: The assignment will decrement Late as Late = Late – 1.  The Decide module simply tests of Late > 0.

Step 24:  Finally we need to deal with the no-shows.  Since we are assuming there are no “late arrivals” after 3 hours into the day, we will create an entity at that time and have it remove the appointments left in that appointment day queue.  See the following:
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Here:

· Create one entity every 12 hours starting at time 3

· Check that the Variable Late > 0
· Remove (from Blocks Panel) the 1st entity in
                  Appointment Queue(Day)
· At the assignment, change the following variables:
                  Late = Late – 1

                  Total Missed = Total Missed + 1

Step 25:  Let’s now load up “Model 05-02.doe”.  Review the Statistics module from the Advanced Process  panel.  

How is “Daily Late” defined? ___________________

How is “Daily Missed” defined? __________________

Step 26:  Look at the animation changes.  A standard clock has been added

How many Queues for the bays? ____________________

How many Vehicle Pictures?  _______________________

See the assignment of vehicle pictures in the Service Activity Logic. What do the Vehicle Pictures describe? __________________________________________________________________________________________________________________________

Step 27:  Run the model to view the animation. Note the appointments and the vehicles.

Step 28:  Run the simulation to completion and note the following averages:

Daily Actual Time: _________________

Daily Book Time: __________________

Daily Late: _______________________

Daily Late Wait Jobs: _______________

Daily Missed: _____________________

Daily Overtime: ____________________

Daily Profit: _______________________
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