






















































































































































































































































































































































Statistical Analysis 

In Chapter 4, we showed you the kind of modeling you can do with modules that were 
primarily from the Basic Process panel. These are relatively high-level and easy-to-use 
modules that will usually take you a long way toward building a model at a level of detail 
you need. Sometimes it’s all you’ll need. 

But sometimes it isn’t. As you gain experience in modeling, and as your models be- 
come bigger, more complex, and more detailed, you might find that you’d like to be able 
to control or model things at a lower level, in more detail, or just differently from what 
the modules of the Basic Process panel have to offer. Arena doesn’t strand you at this 
level, forcing you to accept a limited number of “canned” modeling constructs. Nor does 
it force you to learn a programming language or some pseudo-programming syntax to 
capture complicated system aspects. Rather, it offers a rich and deep hierarchy of several 
different modeling levels that you can fathom to get the flexibility you might need to 
model some peculiar logic just right. It’s probably a good idea to start with the high-level 
modules, take them as far as they’ll go (maybe that’s all the way), and when you need 
greater flexibility than they provide, go to a lower and more detailed level. This structure 
allows you to exploit the easy high-level modeling to the extent possible, yet allows you 
to drill down lower when you need to. And because all of this modeling power is pro- 
vided by standard Arena modules, you’ll already be familiar with how to use them; to put 
them to work, you simply need to become familiar with what they do. 

This chapter explores some (certainly not all) of the detailed, lower-level modeling 
constructs available in the Advanced Process and Blocks panels; the latter panel provides 
the lowest-level model logic where modules correspond to the blocks in the SIMAN 
simulation language that underlies Arena. The example we’ll use for this is a fairly com- 
plex telephone call center, including technical support, sales, and order-status checking. 
We’ll also touch on the important topics of nonstationary (time-dependent) arrival pro- 
cesses, model debugging, and a greater level of customization in animation. Using the 
models we develop as laboratory animals, we’ll also get into the topic of statistical analy- 
sis of simulation output data. 

Section 5.1 describes the system and Section 5.2 talks about how to model it using 
some new Arena modeling concepts. Section 5.3 describes our basic modeling strategy. 
The model logic is developed in Section 5.4. The unhappy (but inevitable) issue of debug- 
ging is taken up in Section 5 . 5 .  Corresponding to the more detailed modeling in this chap- 
ter, Section 5.6 indicates some ways you can fine-tune your animations to create some 
nonstandard effects. In Section 5.7, we’ll talk about streamlining a model for faster ex- 
ecution and developing overall economic measures of performance; the resulting model 
will be used in Section 5.8 to discuss the design and analysis of simulation experiments. 























































































































































































Statistical Analysis 
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nonstandard effects. In Section 5.7, we’ll talk about streamlining a model for faster ex- 
ecution and developing overall economic measures of performance; the resulting model 
will be used in Section 5.8 to discuss the design and analysis of simulation experiments. 
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After reading this chapter, you should be able to build very detailed and complex 
models and be able to exploit Arena’s rich and deep hierarchy of modeling levels. You 
should also be able to carry out effective analyses of simulation output. 

5.1 Model 5-1: A Generic Call Center System 
Our generic call center system provides a central number in an organization that custom- 
ers call for technical support, sales information, and order status. This central number 
feeds 26 trunk lines. If all 26 lines are in use, a caller gets a busy signal; hopefully, the 
caller will try again later. An answered caller hears a recording describing three options: 
transfer to technical support, sales information, or order-status inquiry (76%, 16%, and 
8%, respectively). The estimated time for this activity is UNIF(0.1I ,  0.6); all times are in 
minutes. 

If the caller chooses technical support, a second recording requests which of three 
product types the caller is using, which requires UNIF(0.l,0.5) minutes. The percentage 
of requests for product types 1, 2, and 3 are 25%, 34%, and 4 1 %, respectively. If a quali- 
fied technical support person is available for the selected product type, the call is auto- 
matically routed to that person. If none are currently available, the customer is placed in 
an electronic queue where he is subjected to annoying rock music until a support person 
is available. The time for all technical support calls is estimated to be TRIA(3, 6, 18) 
minutes regardless of the product type. Upon completion of the call, the customer exits 
the system. However, four percent of these technical calls require further investigation 
after completion of the phone call. The questions raised by these callers are forwarded to 
another technical group, outside the boundaries of our model, that prepares a response. 
The time to prepare these responses is estimated to be EXPO(60) minutes. The resulting 
response is sent back to the same technical support person who answered the original 
call. This person then calls the customer, which takes TRIA(2, 4, 9) minutes. These 
returned calls require the use of one of the 26 trunk lines and receive priority over incom- 
ing technical calls. If a returned call is not completed on the same day the original call 
was received it’s carried over to the next day. 

Sales calls are automatically routed to the sales staff. Ifa sales person is not available, 
the caller is treated to soothing new-age space music (after all, we’re hoping for a sale). 
Sales calls are estimated to be TRIA(4, 15,45)-sales people tend to talk a lot more than 
technical support people! Upon completion of the call, the happy customer exits the sys- 
tem. 

Callers requesting order-status information are automatically handled by the phone 
system, and there is no limit on the number the system can handle (except that there are 
only 26 trunk lines, which is itself a limit, since an ongoing order-status call occupies one 
of these lines). The estimated time for these transactions is TRIA(2, 3, 4) minutes, with 
15% of these callers opting to speak to a real person after they have received their order 
status. These calls are routed to the sales staff where they wait with the same priority as 
sales calls. These follow-up order-status calls are estimated to last TRIA(3, 5, 10) min- 
utes. These callers then exit the system. 



The call system hours are from 8 AM until 6 PM, with a small proportion of the staff on 
duty until 7 PM. Although the system closes to new calls after 6 PM, all calls that enter the 
system by that time are answered. 

The call arrival rate to this system varies over the course of the day, which is typical 
of these types of systems, and is expressed in calls per hour for each 30-minute period 
during which the system is open. These call-arrival rates are given in Table 5- 1. 

Table 5-1. Call Arrival Rates (Calls Per Hour) 

Time Rate Time Rate Time Rate Time Rate 

8:00 - 8:30 20 10:30 - 11: O O  75 1 : O O -  1:30 110 3:30 - 4:OO 90 
8:30-9:00 35 11:00- 11:30 75 1 :30 - 2:00 95 4:00 - 4:30 70 
9:OO - 9:3O 45 11:3O - 12:OO 90 2:OO - 2:30 105 4:30 - 5:00 65 
9:30 - 1O:OO 50 12:OO - 12:30 95 2:30 - 3:00 90 5:OO - 5:30 45 

10:00- 10:30 70 12:30- 11:00 105 3:OO - 3:30 85 5:30 - 6:OO 30 

There are seven sales people with the staggered daily schedules summarized as 
(number of people @ time period in minutes): 3@90, 7@90,  6@90, 7@60, 6@120, 
7@120, and 4@90. 

All technical support employees work an eight-hour day with 30 minutes off for 
lunch (lunch is not included in the eight hours). There are 11 technical support people 
whose work schedules are shown in Table 5-2. Charity and Noah are qualified to handle 
calls for Product Type 1; Tierney, Sean, and Emma are qualified to handle calls for Prod- 
uct Type 2; Shelley, Jenny, and Christie are qualified to handle calls for Product Type 3. 
Molly is qualified to handle Product Types 1 and 3, and Anna and Sammy are qualified 
to handle all three product type calls. 

Table 5-2. Technical Support Schedules 
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As a point of interest, we’ll consider balking in this system by counting the number of 
customer calls that are not able to get a trunk line. However, we won’t consider reneging- 
customers who hang up the phone before reaching a real person (see Section 8.3 for a 
discussion of how to model reneging). 

Some statistics of interest for these types of systems are: number of customer balks 
(busy signals), total time on the line by customer type, time waiting for a real person by 
customer type, contact time by customer type, number of calls waiting for service by 
customer type, and personnel utilization. 

5.2 New Modeling Issues 
From a simulation viewpoint, this problem is quite different from the ones we covered 
in Chapters 3 and 4. The most obvious difference is that the previous systems were 
manufacturing oriented and this system is of a service nature. Although the original ver- 
sion of SIMAN (the simulation language on which Arena is based) was developed for 
manufacturing applications, the current Arena capabilities also allow for accurate model- 
ing of service systems. Applications in this area include fast-food restaurants, banks, 
insurance companies, service centers, and many others. Although these systems have 
some special characteristics, the basic modeling requirements are largely the same as for 
manufacturing systems. Now let’s take a look at our call center and explore the new re- 
quirements. As we proceed it should become clear that the modeling constructs that 
we’ve covered up to this point are insufficient to model this system at the level of detail 
requested. 

5.2.1 Nonstationary Arrival Process 
The differences start with the arrival process, which has a rate that varies over time. This 
type of arrival process is fairly typical of service systems and requires a different ap- 
proach. Arrivals at many systems are modeled as a stationary Poisson process in which 
arrivals occur one at a time, are independent of one another, and the average rate is con- 
stant over time. For those of you who are not big fans of probability, this implies that we 
have exponential interarrival times with a fixed mean. You may not have realized it, but 
this is the process we used to model arrivals in our previous models (with the exception 
of Model 4-4, which was contrived to illustrate a particular point). There was a slight 
variation of this used for the Part B arrivals in our Electronic and Test System modeled in 
Chapter 4. In that case, we assumed that an arrival was a batch of four; therefore, our 
arrivals still occurred one batch at a time according to a stationary Poisson process. 

For this model, the mean arrival rate is a function of time. These types of arrivals are 
usually modeled as a nonstationary Poisson process. An obvious, but incorrect, model- 
ing approach would be to enter for the Time Between Arrivals in a Create module an ex- 
ponential distribution with a user-defined variable as a mean Value, then change this 
Value based on the rate for the current time period. For our example, we’d change this 
Value every 30 minutes. This would provide an approximate solution if the rate change 
between the periods was rather small. But if the rate change is large, this method can give 
very misleading (and wrong) results. The easiest way to illustrate the potential problem is 
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to consider an extreme example. Let’s say we have only two periods, each 30 minutes 
long. The rate for the first period is 3 (average arrivals per hour), or an interarrival-time 
mean of 20 minutes, and the rate for the second period is 60, or an interarrival-time mean 
of 1 minute. Let’s suppose that the last arrival in the first time period occurred at time 29 
minutes. We’d generate the next arrival using an interarrival-time mean Value of 20 min- 
utes. Using an exponential distribution with a mean of 20 could easily’ return a value 
more than 31 for the time to the next arrival. This would result in no arrivals during the 
second period, when in fact there should be an expected value of 30 arrivals. In general, 
using this simplistic method causes an incorrect decrease in the number of arrivals when 
going from one period to the next with an increase in the rate, or a decrease in the 
interarrival time. Going from one period to the next with a decrease in the rate will incor- 
rectly increase the number of arrivals in the second period. 

Nevertheless, it‘s important to be able to model and generate such arrival processes 
correctly since they seem to arise all the time, and ignoring the nonstationarity can create 
serious model-validity errors since the peaks and troughs can have significant impact on 
system performance. Fortunately, Arena has a built-in ability to generate nonstationary 
Poisson arrivals (and to do so correctly) in the Create module. We’ll show you how to set 
it up in Sections 5.4.1 and 5.4.4. The underlying method used is described in Section 
11.3. 

5.2.2 Balking 
A call generated by our nonstationary Poisson process is really a customer trying to ac- 
cess one of the 26 trunk lines. If all 26 lines are currently in use, a busy signal is received 
and the customer departs the system. The term for this is bulking. 

Consider a drive-through at a fast-food restaurant that has a single window with room 
for only five cars to wait for service. The arriving entities would be cars entering a queue 
to wait to seize a resource called “Window Service.” We’d need to set the queue capacity 
to 5 .  This would allow one car to be in service and a maximum of five cars to be waiting. 
If a sixth car attempted to enter the queue, it would balk. You decide as part of your mod- 
eling assumptions what happens to these balked cars or entities. They might be disposed 
of or we might assume that they would drive around the block and try to re-enter the 
queue a little later. 

Our call center balking works the same way, except that the queue capacity is 0. An 
arriving entity (call) enters the zero-capacity queue and immediately attempts to seize 
one unit of a resource called “Trunk Line.” If a unit is available, it’s allocated to the call 

1 With probability 2u = 0.21, to be (almost) exact. Actually this figure is the conditionul probability of 
no arrivals in the second period, given that there were arrivals in the first period and that the last of these was at 
time 29. This is not quite what we want, though; we want the unconditional probability of seeing no arrivals in 
the second period. It’s possible to work this out, but it’s complicated. However, it’s easy to see that a lower 
bound on this probability is given by the probability that the first arrival after time 0, generated as exponential 
with mean 20 minutes, occurs after time 60-this is one way (not the only way) to have no arrivals in the sec- 
ond period, and has probability e-bo12u= e-3 = 0.0498. Thus, the incorrect method would give us at least a 5% 
chance of having no arrivals in the second period. Now, go back to the text, read the next sentence, and see the 
next footnote. 

* The probability of no arrivals in the second period should be e-““ = 0.000000000000093576. 
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and the call enters the system. If a unit of the resource is not available, the entity attempts 
to stay in the queue. But since the queue has a capacity of 0, the call would be balked 
from the queue and disposed of. 

Balking clearly represents a kind of failure of the system to meet customer needs, so 
we’ll count up the number of times this happens in the simulation; smaller is better. 

5.2.3 Three- Way Decisions 
Once a call is allocated a trunk line and enters the system, we must then determine the 
call type so we can direct it to the proper part of the system for service. To do this, we 
need the ability to send entities or calls to t h e e  different parts of the system based on the 
given probabilities. The same requirement is true for technical calls since there are three 
different product types. 

We could get out our calculator and dust off our probability concepts and compute 
the probability of each call type-there are a total of five if we don’t count returned tech- 
nical calls or order-status calls that require a follow-up. We could then define Sequences 
(see Section 6.2.1) for each of these call types and route them through the system. Al- 
though this might work, you would have to re-compute the probabilities each time you 
change the distribution of call types, which you might want to do to test the flexibility or 
robustness of the system. 

You may not have been aware of it, but the capability is provided to branch in three or 
more directions in the same Decision modulc that we used in the first three models of 
Chapter 4. 

5.2.4 Sets 
As your models become more complex, you’ll often find the need to model an entity 
arriving at a location or station and selecting from one of several similar (but not quite 
identical) objects. 

The most common situation is the selection of an available resource from a pool of 
resources. Let’s assume you have three operators: Brandon, Lynn, and Rich. Any one of 
these operators can perform the required task, and you would like to select any of the 
three, as long as one is currently available. The Sets module provides the basis for this 
functionality. Arena sets are groups of similar objects that can be referenced by a com- 
mon name (the set name) and a set index. The objects that make up the set are referred to 
as members of the set. Members of a particular set must all be the same type of object, 
such as resources, queues, pictures, etc. You can collect almost any type ofArena objects 
into a set, depending on your modeling requirements. An object can also reside in more 
than one set. Let’s assume in our Operators set that Lynn is also qualified as a setup 
person. Therefore, we might define a second resource set called Setup as Lynn and 
Doug (Doug’s not an operator). Now, if an operator is required, we’d select from the set 
called Operators; if a setup person is required, we would select from the set called 
Setup. Lynn might be chosen via either case because she’s a member of both sets. You 
can have as many sets as you want with as much or as little overlap as required. 

For our call center, we’ll need to use sets to model the technical support staff cor- 
rectly. We also need to consider how to model the returned technical support calls. These 
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are unique in that they must be returned by the same person who handled the original 
call, so we must have a way to track who handled the original call. We’ll do this by stor- 
ing the set index of the specific resource allocated from the selected technical support 
staff, so we’ll know which individual needs to return the call if necessary. 

5.2.5 Variables and Expressions 
In many models, we might want to reuse data in several different places. For example, in 
our call center there will be several places where we will need to enter the distributions 
for the time to handle the technical support calls. If we decide to change this value during 
our experimentation, we’d have to open each dialog that included a call time and change 
the value. There are other situations where we might want to keep track of the total num- 
ber of entities in a system or in a portion of the system. In other cases, we may want to 
use complex expressions throughout the model. For example, we might want to base a 
processing time on the part type. Arena Vuriahles and Expressions allow us to fulfill 
these kinds of needs easily. 

The Variables module allows you to define your own global variables and their initial 
values. Variables can then be referenced in the model by their names. They can also be 
specified as one- or two-dimensional arrays. The Expressions module allows you to de- 
fine expressions and their associated values. Similar to variables, expressions are refer- 
enced in the model by their names and can also be specified as one- or two-dimensional 
arrays. Although variables and expressions may appear to be quite similar, they serve dis- 
tinctly different functions. 

User-defined Variables store some real-valued quantity that can be reassigned during 
the simulation run. For example, we could define a Variable called Wait Time with an 
initial value of 2 and enter the Variable name wherever a wait time was required. We 
could also define a Variable called Number in System with an initial value of 0, add 1 
to this variable every time a new part entered the system, and subtract I from it every 
time a part exited the system. For our call center, we’ll use a one-dimensional arrayed 
Variable called Period, which will be incremented each 30 minutes so we can keep 
track of which half-hour time period we are in. We’ll use this in conjunction with two 
other Variables to collect and display information on the number of balks per period. 

User-defined Expressions, on the other hand, don’t store a value. Instead, they pro- 
vide a way of associating a name with some mathematical expression. Whenever the 
name is referenced in the model, the associated expression is evaluated and its numerical 
value is returned. Typically, expressions are used to compute values from a distribution 
or from a complex equation based on the entity’s attribute values or even current system 
variable values. If the mathematical expression is used in only one place in the model, it 
might be easier to enter it directly where it is required. However, if the expression is used 
in several places or the form of the expression to be used depends on an entity attribute, a 
user-defined expression is often better. For our call center, we’ll use the Expressions 
module to define a one-dimensional arrayed expression to generate the technical support 
times and to collect information on the number of technical support staff who are on duty 
but are idle. 
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Variables and Expressions have many other uses that we hope will become obvious 
as you become more familiar with Arena. 

5.2.6 Submodels 
When developing large and complex models, it is often helpful to partition the model 
into smaller models, called suhmoclels, that may or may not interact. This lets you orga- 
nize the modeling and testing effort into manageable chunks that can then be linked to- 
gether. For example, we might partition our call center model into the four obvious (well, 
we think they’re obvious) submodels: create and direct arrivals, technical support calls, 
sales calls, and order-status calls. 

Arena provides this capability in the form of Submodels. This feature allows models 
to be formally separated into hierarchical views, called Submodels, each with its own 
full workspace on your screen, which you view one at a time, as well as the overall view 
of your model and any submodels (called the Top-Level Model). Each submodel can con- 
tain any object supported in a normal model window (such as spreadsheet modules, 
static graphics, and animation). Submodels themselves can contain deeper submodels; 
there is no limit to the amount of nesting that can occur. Submodels can be connected to 
other modules, to other submodels, or they can stand alone within an Arena model. 

Within the Top-Level Model view and each submodel view, you can establish Named 
Views with associated hot keys to provide easy navigation among different areas of logic 
and animation (analogous to named ranges in a spreadsheet or bookmarks in a Web 
browser). The Project bar’s Navigate section shows a tree listing the Top-Level Model, all 
of the submodels, and each of their named views. Clicking on a named view or submodel 
view displays that region of the model, allowing easy navigation through the hierarchy 
and within a particular submodel view. 

Although our call center model is not as large or complex as many models you’ll find 
(and build) in practice, we’ll use submodels to organize ourselves and to illustrate the 
concept. 

5.2.7 Costing 
Arena will automatically accumulate time and cost information for each entity in the sys- 
tem. These costs include wait-time cost, valuc-added time cost, non-value-added time 
cost, transfer-time cost and other time cost. In order to obtain meaningful cost statistics, 
you must enter costing information into your model. The basic costing information can 
be found in the Entity and Resource data modules. For this example, we’ll only enter cost 
information in the resource module, allowing us to obtain information on the average 
cost per call by entity type. 

5.2.8 Statistics and Animation 
The statistics requested are not unusual or greatly different from what we’ve collected in 
previous models. However, the type of system and the analysis needs are quite different. 
Let’s deal with the analysis needs first. When analyzing service systems, one is generally 
trying to maximize customer satisfaction while minimizing costs. (In the extreme, of 
course, these are incompatible goals.) The key customer-satisfaction measures for our 
call center would be the number of busy signals and the customer wait time. We’d like to 
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minimize the number of customers receiving busy signals and reduce the waiting time 
until the caller reaches a real person. The key factors affecting these measures are the 
number of trunk lines and the staffing schedule. Once we’ve created a model, we could 
easily increase or decrease the number of trunk lines and determine the impact. This re- 
quires that we give more thought to how long we run our simulation and what type of 
system we have. We’ll deal with this in the next section. 

Analyzing and improving the staff schedule is a more difficult problem. Because our 
staffing varies over the day and our arrival process is nonstationary, the system perfor- 
mance could vary significantly from one time period to the next. Thus, if we’re going to 
manipulate our staffing schedule in an attempt to improve performance, we’d like infor- 
mation that would tell us what time periods are under- and over-staffed. Our normal sum- 
mary report won’t give us this information. One method would be to view the animation 
over several days, much like you might watch the real system. Unfortunately, and unlike 
our previous models, there’s really nothing to animate that will show movement through 
the system. We could animate the call-waiting queues and the resources, but the resulting 
animation would be very jumpy and wouldn’t provide the time perspective we need. Al- 
though we often see these types of systems animated the animation is typically used for 
“show and tell” rather than for analysis. Having said that, we’ll show you how to animate 
this type of model in Section 5.6. 

What we need is the ability to draw a relationship between staffing and performance. 
Plots probably provide the best mechanism for getting this type of information. The key 
variables of interest are the number of customer balks, the number of customers waiting 
in queue, and the number of idle staff. Plots will allow us to view this information over a 
day or more and assess where we need more or fewer staff. We can then attempt to alter 
our staffing schedule to improve performance. Thus, for this model, our animation will 
consist solely ofplots. The last issue we need to address is the system type and the impact 
it has on the type of statistical analysis we might perform. 

5.2.9 Terminating or Steady-State 
Most (not all) simulations can be classified as either terminating or steady state. This is 
primarily an issue of intent or the goal of the study, rather than having much to do with 
internal model logic or construction. 

A terminating simulation is one in which the model dictates specific starting and 
stopping conditions as a natural reflection of how the target system actually operates. As 
the name suggests, the simulation will terminate according to some model-specified rule 
or condition. For instance, a store opens at 9 AM with no customers present, closes its 
doors at 9 PM, and then continues operation until all customers are “flushed” out. Another 
example is a job shop that operates for as long as it takes to produce a “run” of 500 com- 
pleted assemblies specified by the order. The key notion is that the time frame of the 
simulation has a well-defined (though possibly unknown at the outset) and natural end 
as well as a clearly defined way to start up. 

A steady-state simulation, on the other hand is one in which the quantities to be esti- 
mated are defined in the long run; i.e., over a theoretically infinite time frame. In prin- 
ciple (though usually not in practice), the initial conditions for the simulation don’t 
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matter. Of course, a steady-state simulation has to stop at some point, and as you might 
guess, these runs can get pretty long; you need to do something to make sure that you’re 
running it long enough, an issue we’ll take up in Section 6.3. For example, a pediatric 
emergency room never really stops or restarts, so a steady-state simulation might be ap- 
propriate. Sometimes people do a steady-state simulation of a system that actually termi- 
nates in order to design for some kind of worst-case or peak-load situation. 

We now have to decide which to do for this call center model. Although we’ll lead 
you to believe that the distinction between terminating or non-terminating systems is 
very clear, that’s seldom the case. Some systems appear at first to be one type, but on 
closer examination, they turn out to be the other. This issue is further complicated by the 
fact that some systems have elements of both types, and system classification may de- 
pend on the types of questions that the analyst needs to address. For example, consider a 
fast-food restaurant that opens at 11 AM and closes at 11 PM. If we’re interested in the 
daily operational issues of this restaurant, we’d use a nonstationary Poisson arrival pro- 
cess and analyze the system as a terminating system. If we were interested only in the 
operation during the rush that occurs for two hours over lunch, we might assume a sta- 
tionary arrival process at the peak arrival rate and analyze the system as a steady-state 
system. 

At first glance, our call center definitely appears to be a terminating system. The sys- 
tem would appear to start and end empty and idle. However, there are technical-staff 
return calls that might remain in the system overnight. Approximately 3% of all calls 
(you can do the arithmetic yourself) are returned by the technical staff. If the calls that are 
held overnight significantly affected the starting conditions for the next day, we might 
want to consider the system to be steady-state. We’re going to assume that this is not the 
case and will proceed to analyze our call center system as a (mostly) terminating system 
later in this chapter. 

5.3 Modeling Approach 
In Figure 1-2 of Chapter 1 ,  we briefly discussed the Arena hierarchical structure. This 
structure freely allows you to combine the modeling constructs from any level into a 
single simulation model. In Chapters 3 and 4, we were able to develop our models using 
only the constructs found in the Basic Process panel (yes, we planned it that way), al- 
though we did require the use of several data constructs found in the Advanced Process 
panel for our failure and special statistics. 

The general modeling approach that we recommend is that you stay at the highest 
level possible for as long as you can when creating your models. However, as soon as you 
find that these high-level constructs don’t allow you to capture the necessary detail, we 
suggest that you drop down to the next level for some parts of your model rather than 
sacrifice the accuracy of the simulation model (of course, there are elements ofjudgment 
in this kind of decision). You can mix modeling constructs from different levels and pan- 
els in the same model. As you become more familiar with the various panels (and model- 
ing levels), you should find that you’ll do this naturally. Before we proceed, let’s briefly 
discuss the available panels. 


























































































































































































































































































































































































































































































































































































































































































































































































































































































