
process AIRPLANE
     call TOWER giving GATE yielding RUNWA Y
     work TAXI.TIME (GATE, RUNWAY) minutes
     request 1 RUNWAY
     work TAKEOFF.TIME (AIRPLANE) minutes 
     relinquish 1 RUNWAY
end " process AIRPLANE
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PREFACE  

 
When we were first asked by CACI to write this book, the plan was for a five-chapter book with 
each chapter showing how to build a SIMSCRIPT simulation model of a system of interest. 
However, in the process of writing these chapters, we decided that the usefulness of the book 
could be greatly enhanced by writing an introductory chapter (Chapter 1) on the major building 
blocks and statements of the SIMSCRIPT language. As it turned out, we believe that this chapter 
(along with the remainder of the book) contains the SIMSCRIPT statements needed to build 
most small to medium-sized simulation models. On the other hand, it may have to be 
supplemented at times with SIMSCRIPT II.5 Programming Manual, Building Simulation Models 
with SIMSCRIPT II.5, or one of the SIMSCRIPT User’s Manuals. In particular, SIMSCRIPT 
Reference Manual, which gives a complete description of the syntax of SIMSCRIPT II.5 
statements. 
 
This book is designed for an introductory university course on building simulation models in 
SIMSCRIPT or for someone who would like to learn the fundamentals of SIMSCRIPT on their 
own. We recommend reading Chapter 1 quickly to learn the basic SIMSCRIPT concepts. 
However, the real learning experience will come from studying the SIMSCRIPT simulation 
models of various types of systems in Chapters 2 through 6. We have tried to make the programs 
in these latter chapters as consistent and error free as possible. We also recommend that the 
serious student attempt some of the homework problems at the end of these chapters, since 
learning is generally not a passive endeavor. 
 
There are a number of people who have contributed considerably to the writing of this book. 
First of all, we would like to thank Mr. Joseph Annino of CACI for extending the invitation to 
write this book and for his support, in general, over the years. We would also like to thank Dr. 
Edward Russell of CACI for making a number of suggestions, which greatly improved the 
quality of this book. Without his “incredible” knowledge of SIMSCRIPT, the writing of this 
book would have been considerably more difficult. Finally, we would like to express our 
appreciation to Mrs. Sarah Oordt, whose typing skill and devotion allowed us to complete this 
book in a timely manner. 
 

Averill M. Law 

Christopher S. Larmey 

Tucson, Arizona 
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Chapter 1.  A Primer on Simulation and SIMSCRIPT II.5 
 

1.1 The Nature of Simulation 
 
This is a book about using the computer to imitate, or simulate, the operations of various kinds of 
real-world facilities or processes. The facility or process of interest is usually called a system, 
and in order to study it scientifically we often have to make a set of assumptions about how it 
works. These assumptions, which usually take the form of mathematical or logical relationships, 
constitute a model, which is used to try and gain some understanding of how the corresponding 
system behaves. Note that models are often necessary because experimentation with the system 
itself is either disruptive of the system, not cost-effective, or simply impossible. The latter reason 
being particularly true if the system of interest does not even exist. 
 
If the relationships, which compose the model, are simple enough, it may be possible to use 
mathematical methods (such as algebra, calculus, or probability theory) to obtain the exact 
answers to questions of interest; this is called an analytic solution. However, most real-world 
systems are too complex to allow realistic models to be evaluated numerically, and these models 
must be studied by means of simulation. In a simulation we use a computer to evaluate a model 
numerically over a time period of interest, and data are gathered to estimate the desired true 
characteristics of the model. 
 
There are several types of simulations, which have considerable real-world importance. These 
include discrete-event, continuous, and Monte Carlo simulations.  However, this book is entirely 
devoted to discrete-event simulation, which concerns the modeling of a system as it 
 evolves over time by a representation in which the state variables change only at a countable 
number of points in time. Discrete-event simulation is widely used to study manufacturing, 
computer, military, inventory, and communications systems, to name a few. As a matter of fact, 
several of these types of systems are modeled in later chapters of this book. 
 
As an example of the use of discrete-event simulation, consider a manufacturing company that is 
contemplating building a large extension onto one of its plants, but is not sure whether the 
potential gain in productivity would justify the construction cost. It certainly would not be 
cost-effective to build the extension and then remove it later if it does not work out. However, a 
careful simulation study could shed some light on the question by simulating the operation of the 
plant as it currently exists and as it would be if the plant were expanded. 
 
In this book we discuss how to build (or code) simulation models in the SIMSCRIPT II.5 
simulation language. Although the coding of a simulation model can be a time-consuming task, it 
is only one of the steps required in a sound simulation study. Since random samples from input 
probability distributions are typically used to drive a simulation model through time, the 
observed measures of system performance are themselves samples from probability distributions. 
Thus, one run of a simulation model does not produce the "true answers." In fact, statistical 
techniques are needed to choose the input probability distributions and to design and analyze the 
simulation experiments. A more thorough discussion of these and other steps in a simulation 
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study may be found in Law and Kelton [5, Chapter 1]. 
 
The remainder of this chapter is organized as follows. In Section 1.2 we discuss the 
event-scheduling and process approaches to simulation modeling. 
 
Both of these approaches are available in SIMSCRIPT, but the process approach is exclusively 
discussed in Chapters 2 through 6 because of its widespread use. Section 1.3 presents an 
overview of the structure of a SIMSCRIPT process simulation model, and a numerical example 
is used in Section 1.4 to explain the process approach in greater detail. Finally, Sections 1.5 to 
1.9 discuss the major building blocks and statements of the SIMSCRIPT language. 
 
1.2 Approaches to Simulation Modeling 
 
Almost all simulation languages use one of two basic approaches to discrete-event simulation 
modeling; modelers employing a general-purpose language like FORTRAN also use these 
approaches. We will define the event scheduling approach and the process approach after 
introducing some terminology. We define the simulation clock to be a variable, which gives the 
current value of simulated time. (There is generally no relationship between simulated time and 
the time needed to run a simulation on the computer.) An event is an instantaneous occurrence, 
which may change the state of a system. For a model of a simple barbershop (see Chapter 2), 
events are the arrival of a customer and the completion of service for a customer. An event may 
also be used for such purposes as printing the simulation results at a specified time. The event list 
(or pending list) for a simulation model is a list (or data structure) consisting of event records, 
with each record containing the time of occurrence of a particular event. Thus, for the barbershop 
model, the event list would contain a record with the time of the next customer arrival and a 
record with the time of the next service completion (if a customer is present). The timing routine 
is a subroutine which determines and removes the most imminent event record from the event 
list and then advances the simulation clock to the time when the corresponding event is to occur. 
                                                                          
Finally, an event routine is a subroutine, which updates the state of the system when a particular 
type of event occurs; there is one event routine for each type of event. 
 
In the event-scheduling approach, the simulation begins by placing one or more "initial" event 
records in the event list. For example, in the barbershop model a record containing the time of 
the first customer arrival would be placed in the event list at the beginning of the simulation. 
Then the timing routine is called to determine the most imminent event in the event list. The 
corresponding event record is removed from the event list and the simulation clock is updated to 
the time of this event. Control is now passed to the event routine corresponding to the event, 
where the state of the system is updated accordingly. Also, one or more new event records may 
be added to the event list in this routine. (In the barbershop, a customer arriving to an empty 
barbershop would result in the status of the barber being changed from idle to busy in the arrival 
event routine. In addition, two new event records are placed in the event list at this time, one 
containing the time of the next customer arrival and the other containing the service completion 
time of the customer who is just beginning service.) Control is again passed to the timing routine, 
which determines the event, which is now the most imminent in the "new" event list. The 
corresponding event record is removed and the simulation clock is updated accordingly. The 
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appropriate event routine is now called, etc. This procedure is continued until a pre-specified 
stopping rule has been satisfied. For example, a common stopping rule is to run a simulation 
until a specified amount of simulation time has elapsed. In summary, the simulation evolves over 
time by executing the events in increasing order of their time of occurrence. Also, a basic 
property of an event routine is that no simulated time passes during its execution. 
Almost exclusively people building simulation models in FORTRAN use the event-scheduling 
approach and it is one of the approaches available in SIMSCRIPT II.5. A more detailed 
discussion of this approach can be found in Law and Kelton [5, Chapter 1]. 

 
We now describe the process approach, with a strong emphasis on how it is implemented in 
SIMSCRIPT. In general, we define a process to be a time-ordered sequence of interrelated events 
separated by passages of time (either predetermined or indefinite), which describes the entire 
experience of an “entity" as it flows through a system. This entity will be called the process 
entity corresponding to the process. Furthermore, a system or a simulation model may have 
several different processes. A process routine is a subroutine, which corresponds to a particular 
process, as defined above. A process routine generally has multiple entry points and also 
explicitly contains the passage of simulated time. (A process routine, which doesn't contain the 
passage of simulated time, can be thought of as an event routine.) Each realization of a process 
entity, which is present in a SIMSCRIPT simulation model, will have a record associated with it 
called a process notice; this record contains information, which characterizes the particular 
realization. Finally, a resource is an object, which may be required by a process entity as it 
moves through its corresponding process (routine). 
 
In the barbershop example, a customer entering the shop is a process entity and the barber is the 
resource. Furthermore, each customer, which is present in the barbershop, is a realization of this 
process entity. The customer process routine describes the experience of a customer from the 
instant he enters the door until the instant his haircut is completed and he leaves the barbershop. 
A passage of time occurs in this process (routine) between the beginning and ending of a 
customer's haircut. Also, when a customer arrives and finds a barber busy, there is a passage of 
time until the barber begins customer’s haircut. 
 
In the process approach, the simulation begins by placing one or more "initial" process notices 
into the event list. Each process notice corresponds to a realization of a process entity and 
contains an activation time, that is, the time that the notice is to be removed from the event list. 
Then the timing routing is called to determine the process notice with the smallest activation 
time. This process notice is removed from the event list and the simulation clock is updated to its 
activation time. Control is passed to the process routine corresponding to this type of process 
notice, where the routine is entered at the first line. The routine is executed line by line until a 
statement is encountered which requires the passage of simulated time. The execution of these 
statements may update the state of the system and may place process notices into the event list 
for realizations of other process entities. In addition, the process notice for the current process 
entity realization is placed back into the event list with an activation time equal to the sum of 
current value of the simulation clock and the length of the above passage of simulated time. (In 
the barbershop, a realization of the customer process entity arriving to find the barber idle would 
execute the customer process routine until the statement corresponding to the beginning of the 
customer's haircut is encountered. At that point the customer's process notice would be placed 
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back into the event list with an activation time equal to the haircut completion time.) Control is 
returned to the timing routine which determines the process notice in the event list which now 
has the most imminent activation time. This notice is removed from the event list, the simulation 
clock is updated to its activation time, and control is passed to the appropriate process routine. If 
this particular process entity realization has not executed the process routine before, then the 
routine is entered at the first line. Otherwise, the routine will be entered one line below where 
execution last stopped for this entity realization. In either case, the routine is executed until a 
statement which requires the passage of simulated time is encountered, etc. (When the last line of 
the process routine is executed, the process notice for this entity realization is destroyed and 
control is returned to the timing routine.) This procedure is continued until a pre-specified 
stopping rule has been satisfied. 
 
Since each removal of a process notice from the event list can be thought of as an event, a 
simulation using the process approach also evolves over time by executing the events in 
increasing order of their time of occurrence. Internally, the two approaches to simulation are very 
similar (e.g., both approaches use a simulation clock, an event list, a timing routine, etc.). The 
two approaches differ in the language constructs that they make available to model a system. The 
process approach is more natural in some sense since one process routine describes the entire 
experience of the corresponding process entity. A process simulation model of a system usually 
requires fewer lines of code than the comparable program using the event-scheduling approach. 
Also, the event-scheduling approach in SIMSCRIPT can be considered to be a special case of the 
process approach, since an event routine is essentially a degenerate process routine. 
 
The process approach, as described above, was added to SIMSCRIPT II.5 in 1975. Because of 
the reasons given in the previous paragraph, we will exclusively discuss the process approach in 
this book. Since the process approach is difficult to explain succinctly, the above discussion 
should be considered just an overview. We will use a numerical example in Section 1.4 to 
explain this approach in greater detail. 
 
1.3 The General Structure of a SIMSCRIPT Model 
 
In this section we describe briefly the subprogram, which compose a SIMSCRIPT process 
simulation program. Every program begins with a preamble, whose statements are declarative in 
nature. (That is, the preamble contains no executable statements.) The preamble is used to 
define all the building blocks for the simulation model, such as processes, resources, and other 
data structures, which are discussed in Section 1.6. The preamble is also used to define the 
global variables, the basic unit of time for the simulation clock, and the desired measures of 
system performance (e.g., mean delay in queue before a haircut begins in the barbershop). 
 
The main program is where the execution of a SIMSCRIPT program begins. It will have a 
structure in the programs of Chapters 2 through 6 similar to the following: 
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main 
     call READ.DATA 
     call INITIALIZE 
     start simulation 
end 
 

The execution of the Main program begins with a call to routine READ.DATA (not a process 
routine). This routine is used to read and print the input parameters for the simulation. Next, 
routine INITIALIZE is called to initialize certain variables (e.g., the number of units of a 
resource which is available) and to place the "initial" process notices into the event list. The 
simulation actually begins with the execution of the start simulation statement, since this is a 
call to the timing routine. The timing routine is part of the SIMSCRIPT language and does not 
have to be written by the modeler. 

 

Execution of the end statement (or, in general, any statements following the start simulation 
statement) will only occur when (and if) the event list no longer contains any process notices. 
This will result in the termination of the simulation. The simulation will also terminate if a stop 
statement is executed in some routine. There will also be a process routine for each process 
defined in the preamble; the routine and the corresponding process have exactly the same name. 
The routine describes the entire experience of a process entity as it moves through its 
corresponding process. 
 
A process notice will represent each realization of a process entity, which is “present” in a 
simulation model. The process notice contains an activation time (if the notice is in the event list) 
and has an associated activation point. If the process notice is currently in the event list, then the 
activation point is the line number in the process routine source code at which execution will 
begin when the notice is removed from the event list. 

 
Each of the simulation models in this book will also contain a REPORT routine, which is used to 
compute and print the simulation results. The location of the call to this routine, and whether it is 
a process or a “normal" routine, depends on the stopping rule for the simulation. 
 
1.4 A Numerical Illustration of the Process Approach 
 
In this section we use a numerical example to explain the SIMSCRIPT process approach in 
greater detail. Consider a service facility with a single server (e.g., a one-man barbershop) to 
which customers arrive requesting service. If the server is idle when a customer arrives, then the 
customer begins being served immediately. On the other hand, a customer who arrives and finds 
the server busy joins the end of a single queue. On completing service for a customer, the server 
chooses the first customer in the queue to be served next. A customer departs the system after 
his service has been completed. In an actual simulation study, one would probably be interested 
in estimating performance characteristics of the system such as average delay in the queue 
(before service begins) of a customer, average number of customers in the queue, utilization of 
the server, etc. However, we will not discuss such characteristics in our example since our 

 5 



An Introduction to Simulation Using SIMSCRIPT II.5 

primary objective is to see how a process simulation model evolves over time. 
 
A process SIMSCRIPT model of the above system will have a resource corresponding to the 
server. In addition, there will be an arrival generator process (routine) which causes customers to 
arrive at the appropriate points in time. A flowchart for this process routine is given in Figure 
1.1. (The actual SIMSCRIPT statements will not be given here.) Blocks 1, 3, and 4 each 
correspond to a single SIMSCRIPT statement. On the other hand, block 2 corresponds to two or 
more statements; the exact form of these statements depends on the particular stopping rule for 
the simulation. We will assume in our numerical example that it is desired to simulate a large 
number of customers, so that the answer to the question in block 2 is always "no." 
 
There will also be, of course, a process (routine) corresponding to the entire experience of a  
We will explain how the process simulation model of the single-server queuing system evolves 
through time by showing how the model is represented inside the computer at time 0 and at the 
times when successive process notices customer while in the system; the flowchart for the 
customer process routine is given in Figure 1.2. Blocks 1 through 5 each correspond to a single 
SIMSCRIPT statement. The logic in the large rectangle is performed internal to SIMSCRIPT and 
is not explicitly seen by the modeler. 
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Figure 1-1 Flowchart for Process Routine Arrival Generator 
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Figure 1-2. Flowchart for Process Routine Customer
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are removed from the event list. Let ti be the time of arrival of the ith customer to the system (t0 
= 0) and let Ai = ti - ti-1 be the inter-arrival time between the (i - 1)st and ith arrivals of customers. 
Furthermore, let Si be the time that the server actually spends serving the ith customer (exclusive 
of a customer's delay in queue). For expository convenience, we assume that the inter-arrival and 
service times of customers are known and have the values 
 

Al = 55, A2 = 32, A3 = 24, … 
S1 = 43, S2 = 361, … 
 

Thus, between 0 and the time when the first customer arrives there are 55 time units, between the 
arrivals of the first and second customers there are 32 time units, etc., and the service time of the 
first customer is 43 time units, etc. In an actual simulation (see Chapter 2), the Ai's and Si's 
would be generated from their corresponding probability distributions, as needed, during the 
course of the simulation. 

 
Figure 1.3 gives a snapshot of the system itself and of a computer representation of the system at 
each of the times 0, 0, 55, 55, 87, 87, 98, and 98. The latter seven times correspond to the 
removal of the most imminent process notice from the event list. Our discussion will focus on 
how the computer representation changes at each of these activation times. At time 0, the main 
program calls the initialization routine to initialize the model. The computer representation after 
all initialization has been done is shown in the first section of the figure. Note that the server is 
idle (denoted by I), the queue is empty, and the simulation clock has a value of 0. Also, an arrival 
generator process notice, denoted by (0, Al, 1) is 
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Figure 1-3. Snapshots of the System and of the Computer Representation of the System at 
Time 0 and Each of the Seven Succeeding Activation Times
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Figure 1-3 (Continued)
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placed into the event list with activation time of 0. In general each process notice will be 
represented by a triple (t, Pi, b), where t is the activation time, Pi represents the ith realization of 
the process entity corresponding to process type P, and b is the flowchart block number where 
execution will next begin. Thus, when this arrival generator process notice is removed from the 
event list at time 0, it will begin executing at block I in Figure 1.1. Since the execution of the 
simulation has not actually begun, the "Current process notice" entry in the figure is blank . After 
all initialization has been done, control is returned to the main program, which then calls the 
timing routine (by executing the start simulation statement) to determine the most imminent 
process notice in the event list. Since there is only one notice in the event list, it is removed and 
the simulation clock is advanced to its activation time, 0. (Since the simulation clock already had 
a value of 0, its value did not actually change.) The process type of the removed notice is also 
recorded, so that control can be passed to its corresponding process routine. 
 
At time 0, the timing routine calls the arrival generator process routine to process the notice, 
which was just removed from the event list. This notice is displayed in the "Current process 
notice" entry in the second section of the figure. (The computer representation of the system after 
all changes have been made in this routine is also shown in this section.) The arrival generator 
process entity A1 figuratively enters the routine at block 1 and precedes to block 3, which is the 
first block, which requires the passage of, simulated time. (Recall our assumption about block 2.) 
Block 3, which corresponds to the passage of an inter-arrival time, places the process notice 
corresponding to A1 back into the event list. The activation time of this notice is set to the sum of 
the current value of the simulation clock, 0, and the first inter-arrival time, 55. Also, the 
activation point of the notice is block 4, since this is where execution will continue when control 
is later returned to this routine. Control is then returned to the timing routine, which removes the 
most imminent (and only) process notice from the event list and updates the simulation clock to 
its activation time, 55. The process type of this notice is also recorded. 
 
At time 55, the timing routine again calls the arrival generator process routine to process the 
current notice. (This notice and the computer representation of the system after all changes have 
been made in this routine are shown in the third section of the figure.) The arrival generator 
process entity A1, enters the routine at block 4 since this is the activation point of the current 
process notice. Block 4 places a customer process notice into the event list with an activation 
time of "now" and an activation point of 1. An activation time of "now" means that the 
activation time of this notice is equal to the current value of the simulation clock and, 
furthermore, that this will be the first notice removed from the event list when control is returned 
to the timing routine. This notice corresponds to the arrival of the first customer process entity 
C1. The arrival generator process entity Al proceeds from block 4 to block 3 (via block 2), which 
once again requires the passage of simulated time. At block 3, the process notice for entity Al is 
placed back into the event list with an activation time equal to the sum of current value of the 
simulation clock, 55, and the second inter-arrival time, 32. The activation point is once again 
block 4. Control is then returned to the timing routine, which removes the process notice 
corresponding to C1 from the event list since it has the smallest activation time. 
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At time 55, the timing routine calls the customer process routine. (The current process notice and 
the computer representation of the system after all changes have been made in this routine are 
shown in the fourth section of the figure. The "55" in the small circle on the left-hand side of the 
figure is the time of arrival of the customer.) The customer process entity C1 enters the routine at 
block 1 and requests the server at block 2. Then, internal to SIMSCRIPT, a check is made to see 
if the server is currently idle. Since this is the case, the server is made busy (denoted by B in the 
figure) and the entity C1 proceeds to block 3, which corresponds to the beginning of the 
customer's service time. This block, which requires the passage of simulated time, stops the 
execution of the customer entity C1 and places its process notice back into the event list. The 
activation time of the notice is equal to the sum of the current value of the-simulation clock, 55, 
and the first service time, 43; the activation point of the notice is block 4. Control is then 
returned to the timing routine, which removes the arrival generator process notice from the event 
list and updates the simulation clock to its activation time, 87. 

 
At time 87, the timing routine calls the arrival generator process routine. (The computer 
representation of the system after all changes have been made in this routine is shown in the 
fifth section of the figure.) The arrival generator entity A, enters the routine at block 4, where a 
process notice for a new customer process entity, C2. is placed into the event list. The activation 
time of this notice is "now" and its activation point is block 1. The entity Al then proceeds to 
block 3 of its routine, where its process notice is placed back into the event list with an 
activation time of 111 = 87 + 24 and an activation point of block 4. Control is returned to the 
timing routine, which removes the process notice corresponding to C2 from the event list. This 
activation corresponds to the second customer arriving to the system. 

 
At time 87, the timing routine calls the customer process routine. (The computer representation 
of the system after all changes have been made in this routine is shown in the sixth section of the 
figure.) The new customer process entity C2 enters the routine at block 1 and then requests the 
server at block 2. Since the server is currently busy, the customer process entity C2 is placed in 
the queue where it will remain until the server completes the service of its current customer. This 
is represented in the figure by placing the entity's process notice in the first location of the queue. 
Note, however, that 87 is not the time at which the entity will begin execution again, nor is 1 the 
block at which execution will next begin. The activation time and activation point of this notice 
will be updated when the entity is removed from the queue. Since waiting in the queue requires 
the passage of simulated time, the execution of the entity is stopped (temporarily) and control is 
returned to the timing routine. The timing routine removes the process notice corresponding to 
C1 from the event list and updates the simulation clock to its activation time, 98. This activation 
corresponds to the completion of the first customer's service. 
 
At time 98, the timing routine calls the customer process routine once again. (The computer 
representation of the system after all changes have been made in this routine is shown in the 
seventh section of the figure.) The customer process entity C1 enters the routine at block 4, where 
the entity relinquishes the server since its service has been completed. Then, internal to 
SIMSCRIPT, the server is made idle and a check is made to see if the queue contains any 
customers. Since this is the case, the first customer process entity in the queue, namely C2, is 
removed and the server is again made busy. The process notice for C2 is placed into the event list 
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with an activation time of "now" (i.e., service is to begin immediately) and an activation point of 
block 3. (Note that this entity will not actually begin execution until it is removed from the event 
list.) After C2 has been removed from the queue, entity C1 proceeds to block 5 where its process 
notice is destroyed. This corresponds to customer process entity C1 leaving the system. Control is 
returned to the timing routine, which removes the process notice corresponding to C2 from the 
event list. This activation corresponds to the start of the second customer's service. 
 
At time 98, the timing routine calls the customer process routine. (The computer representation 
of the system after all changes have been made in this routine is shown in the eighth section of 
the figure.) The customer process entity C2 enters the routine at block 3, which corresponds to 
the beginning of its service time. This block, which requires the passage of simulated time, stops 
the execution of entity C2 and places its process notice back into the event list with an activation 
time of 134 = 98 + 36 and an activation point of block 4. Control is returned to the timing 
routine, which removes the arrival generator process notice from the event list, etc. 
 
The reader should carefully verify the correctness of Figure 1.3. A few additional comments also 
seem in order at this point. Note that the number of customer process entities present varies as 
the model evolves over time, but there is always exactly one arrival generator process entity 
present. This entity, A1, is continually recycled to cause customers to arrive at the appropriate 
points in time. Also, when we spoke of a process entity executing its corresponding process 
routine, this was only a figure of speech. In fact, a process entity is represented in SIMSCRIPT 
by only its process notice. It should also be noted that our representation of the event list is a 
simplification of the actual SIMSCRIPT implementation. 
 
A numerical illustration (similar to Figure 1.3) of the event-scheduling approach to simulation 
modeling may be found in Law and Kelton [5, pp. 11-151]. 
 
1.5 A Detailed Discussion of Processes and Resources 
 
In this section we discuss in greater detail the two most important building blocks in 
SIMSCRIPT, namely, processes and resources. 
 
1.5.1 Processes 

Each type of process used in a SIMSCRIPT simulation model must be defined in the preamble, 
and have a corresponding process routine of the same name. For example, consider the service 
facility of Section 1.4. A SIMSCRIPT model of this system would have two processes, which we 
call ARRIVAL.GENERATOR and CUSTOMER. It would also have a resource, which we call 
SERVER. The two processes are defined by placing the following statement in the preamble: 

 
processes include ARRIVAL.GENERATOR and CUSTOMER 

 
Processes can also have characterizing attributes. In our example, suppose that each 
CUSTOMER process entity has an associated age attribute called CU.AGE. (Following Russell 
[7], we will almost always prefix an attribute name by a two-letter prefix suggestive of the 
corresponding entity). Then the following statements now define the two processes: 
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processes include ARRIVAL.GENERATOR 

                                          every  CUSTOMER has a  CU.AGE 
 
A realization of a process entity generally comes into existence by the execution of an activate 
statement, which is explained below. Each realization in existence is represented by a process 
notice, which contains certain system-defined attributes and also possibly user-defined attributes 
(e.g., CU.AGE). One of the system attributes is time.a, which is the activation time for the 
notice. (There is also an activation point attribute associated with the notice.) Each type of 
process defined in the preamble has an associated global reference (or pointer) variable with the 
same name. This reference variable points to the computer location of the "current" process 
notice. Thus, there is a single reference variable CUSTOMER associated with process type 
CUSTOMER. Each time a new CUSTOMER process entity comes into existence, the reference 
variable CUSTOMER points to this new process notice. Furthermore, each time a CUSTOMER 
process notice is removed from the event list, the reference variable CUSTOMER points to this 
notice. 
 
Each process notice in existence can be in one of four possible states at a particular point in time: 
pending, executing, delayed for resource, or created. A notice is in the "pending" state if it is in 
the event (or pending) list. A notice is in the "executing" state if it is executing its corresponding 
process routine. A notice is in the "delayed for resource" state if it is waiting in a resource's 
queue (see Section 1.5.2). Finally, a notice is considered to be in the "created" state if it is in 
none of the three other possible states. These states are shown in Figures 1.4 and 1.5, along with 
the SIMSCRIPT process commands, which cause a process notice to move from one state to 
another. A solid line corresponds to an immediate action and a dotted line requires the passage of 
simulated time. The commands in Figure 1.4 are performed for one process entity realization by 
another process entity realization. (Alternatively, these commands may be performed in a 
“normal” routine.) On the other hand, the commands in Figure 1.5 are performed by a process 
entity realization for itself (in its process 
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Figure 1-4. Actions Performed for a Process Entity (notice) by Another Process Entity or 
by a Normal Routine. 
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Figure 1-5. Actions Performed by a Process Notice (Entity) for Itself. 
 

routine). (These figures are modifications of similar figures in Russell [7, Chapter 3].) We now 
explain each of the process commands in our figures. 
 
Activate 

 
The activate statement is used to create a process notice for a particular process and then 
immediately place the notice in the event list. Furthermore, the reference variable for this type of 
process points to the notice. For example, suppose that we want to create a new CUSTOMER 
process notice with an activation time, which is 10 minutes larger than the current value of the 
simulation clock, and then place this notice in the event list. The following statement can 
accomplish this: 

activate a CUSTOMER in 10 minutes 
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(See the discussion of time in Section 1.9 for an explanation of minutes. Also, note that "an" 
could be substituted for "a" in the above statement.) It is also possible to use a sample from a  
probability distribution, instead of a constant amount of time (e.g., 10), in an activate statement. 
In particular, suppose that we want the amount of time until the activation of a new CUSTOMER 
process notice to be a sample from an exponential distribution with a mean of 5 minutes (see 
Section 1.7). Then the following statement is executed: 
 

 activate a CUSTOMER in exponential.f (5.0, 1) minutes 
 
Note that this statement places the new notice into the event list immediately, but the activation 
time of this notice will be larger than the current value of the clock. Finally, if we execute the 
statement: 
 
                                              activate a CUSTOMER now  
 
then a new CUSTOMER process notice is placed into the event list with an activation time equal 
to the current value of the simulation clock. Furthermore, when control is returned to the timing 
routine, this will be the first notice removed. 
 
Request/relinquish 
 
Suppose for this pair of commands (and also the next pair work/wait) that customers arrive to a 
service facility with a single SERVER (see Section 1.4). Assume that the server is modeled by a 
resource called SERVER with one type (see Section 1.5.2 for a discussion of resources). 
 
The request statement is used by a particular process entity (or process notice) in its process 
routine to request a certain number of units of a resource of a specified type. If the requested 
numbers of units are available, then these units are made busy and the process entity immediately 
moves to the next statement in its process routine. If the units are not available, then the process 
entity is put into the queue for the requested type of resource and control is returned to the timing 
routine. (The corresponding process notice will then be in the "delayed for resource" state.) For 
example, suppose that a CUSTOMER process entity would like to obtain 1 unit of the resource 
SERVER(l) (i.e., the first and only type of resource SERVER). Then the following statement 
accomplishes this: 
 

request 1 unit of SERVER(l) 
 

(Note that “l unit of” can be shortened to “1” in the above statement.) 
 

The relinquish statement is used by a particular process entity (or process notice) to relinquish a 
certain number of units of a resource of a specified type. If the queue corresponding to the 
relinquished type of resource is not empty, then the first process entity (process notice) in the 
queue is removed and placed into the event list with an activation time of "now." (This assumes 
that enough units of the resource were then available for the process entity in the queue.) The 
process entity that relinquished the units moves to the next statement in its process routine. Note 
that the relinquish statement corresponds to the transition from the "delayed for resource" state to 
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the "pending" state in Figure 1.4. 
 

As an example of the use of the relinquish statement, suppose that a particular CUSTOMER 
process entity would like to relinquish 1 unit of the resource SERVER(l) after its service has 
been completed. Then this is accomplished as follows: 
 

relinquish 1 unit of SERVER(l) 
 
(Once again, “1” unit of” may be shortened to “1.”) 

 
Work/wait 

 
The work/wait statements are used by a particular process entity, which is executing its process 
routine, to place its process notice back into the event list for a specified amount of time. (This 
corresponds to the dotted line in Figure 1.5.) These two statements are almost always 
interchangeable. However, we will generally use a work statement to represent "service" times 
and a wait statement to represent "inter-event" (e.g., inter-arrival) times. After one of these 
statements is executed, control is immediately returned to the timing routine.
 
Suppose in the queuing problem that a customer obtains 1 unit of the resource SERVER(l) and is 
ready to begin his service, which will take 20 minutes. Then the following statement 
accomplishes the passage of simulated time during this service: 
 
 work 20 minutes 
 
This statement will place the process notice for the customer back into the event list with an 
activation time equal to the sum of the current value of the simulation clock and 20 minutes. 
(Note that "wait" can be substituted for "work" in this statement without any effect.) 
Furthermore, when this process notice is later removed from the event list, execution of the 
corresponding process routine will resume at the statement immediately after the work 
statement. Finally, the probability distributions discussed in Section 1.7 can be used in 
work/wait statements instead of a constant amount of time. 
 
Suspend/reactivate the  

 
The suspend statement is used by a particular process entity to stop its own execution of the 
corresponding process routine. This results in its process notice moving from the "executing" 
state to the "created" state. The notice will stay in this latter state until "awakened" by a 
reactivate "the" (or resume) statement in a process or normal routine. The form of the suspend 
statement is as follows: 
 
 suspend 
 
When a process notice is in the "created" state because of a suspend statement, there is a danger 
of losing the location of the notice if the value of its associated reference variable changes. 
(Recall that there is only one reference variable for each type of process.) There are several ways 
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of dealing with this potential problem. In Chapter 3, we store the location of the process notice in 
an attribute of another type of process. On the other hand, in Chapter 6 we store the process 
notice in a user-defined set (see Section 1.6.3). 
 
The reactivate the (or this) statement is used in a process or normal routine to reactivate a 
process notice, which has been suspended. This results in the process notice immediately moving 
from the "created" state to the “pending” state. It is imperative to use the modifiers "the" or 
"this" with this statement rather than the modifiers "a" or "an," since the process notice already 
exists. The use of "a" or "an" would result in a new process notice being created. Finally, the 
words activate and reactivate are actually completely exchangeable, the important thing is 
which modifier is used. However, we will always use activate to create a new process notice. 
 
As an example of the use of the reactivate statement, consider a queuing problem with 
CUSTOMER and ARRIVAL.GENERATOR processes and, in addition, one other process, 
which we will call OTHER. Suppose that a CUSTOMER process notice is in the "created" state 
as a result of its own suspension and that the reference variable CUSTOMER points to this 
notice. If an activation time of "now" is desired, then the process notice is reactivated by 
executing the following statement in process routine OTHER: 
 

reactivate the CUSTOMER now 
 
Note that any time expression which can be used in an activate statement can also be used in a 
reactivate statement. Applications of the reactivate statement may be found in Chapters 3 and 
6. 
 
 
Interrupt/resume 
 
The interrupt statement is used in a process or normal routine to remove a process notice from 
the event list (e.g., the interrupted notice could be in the "middle" of a work or wait statement). 
This results in the process notice moving from the "pending" state to the "created" state. The 
notice will stay in this latter state until awakened by a resume statement in a process or normal 
routine. When a process notice is interrupted, its time.a attribute is set to the amount of time it 
would have remained in the event list had it not been interrupted (i.e., its activation time minus 
the current value of the simulation clock). This time.a attribute is used by the resume statement, 
which is discussed below. Finally, as in the case of a suspended process notice, care must be 
taken to preserve a pointer to the location of the interrupted process notice. 
 
Consider the queuing example that was used for the reactivate statement. Suppose that a 
CUSTOMER process notice is in the event list and that the reference variable CUSTOMER 
points to this notice. Then this process notice can be interrupted by executing the following 
statement in process routine OTHER: 

 
interrupt the  CUSTOMER 

 
(Note that "this" can be substituted for "the" in the above statement.) If the activation time (i.e., 
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the time.a attribute) for this notice was 50 and if the notice was interrupted when the simulation 
clock had a value of 30, then the new value of time.a is 20. 
 
 
The resume statement is (primarily) used in a process or normal routine to resume an interrupted 
process notice. This results in the process notice moving from the "created" state to the 
"pending" state. The activation time of the notice when it is placed back into the event list is 
equal to sum of the then current value of the simulation clock and the value of the notice's time.a 
attribute. (Note that, the user may modify this attribute before executing the resume statement.) 
 
Suppose in the above queuing example that the current value of the simulation clock is 40 and 
that the reference variable CUSTOMER points to the process notice which was interrupted 
above. Then this process notice is placed into the event list with an activation time of 60 = 40 + 
20 by executing the following statement in process routine OTHER: 
 

resume the CUSTOMER 
 
(Note that "this" can be substituted for "the" in the above statement.) An application of the 
interrupt and resume statements may be found in Chapter 6. 

 
It should be noted that a resume statement can be used to move a suspended process notice from 
the "created" state to the "pending" state, but we shall never do so in this book. 
 
Create/destroy 
 
The create statement is used to create a process notice for a particular type of process without 
placing it into the event list. As an example of the use of this statement, suppose for our queuing 
problem that process CUSTOMER has an attribute CU.AGE. Suppose further that we want to 
create a CUSTOMER process notice, immediately set its age to 35, and then place this notice 
into the event list with an activation time of "now." This is accomplished by executing the 
following statements: 

create a  CUSTOMER 
let CU.AGE (CUSTOMER) = 35 
activate this  CUSTOMER now 

 
(Note that "an" may be substituted for "a" in the above statement.) It is imperative to use "this" 
or "the" (rather than "a" or "an") in the activate (or reactivate statement ) 
 
The destroy statement is used to destroy (i.e., to make non existent) a process notice which is in 
the "created" state. The notice to be destroyed cannot be a member of any set (see Section 1.6.3) 
or the event list; also, a process entity cannot attempt to destroy itself. 
 
For example, suppose that reference variable CUSTOMER points to a CUSTOMER process 
notice which is in the "created" state. Then this notice can be destroyed by executing the 
following statement in process routine OTHER: 
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destroy the  CUSTOMER 
 
(Note that "this", "a", or "an" may be substituted for "the" in the above statement.) 
 
End/return 

 
The end statement is placed at the end of each process routine. When a process entity 
figuratively executes this statement, its process notice is destroyed (i.e., it becomes non existent). 
Furthermore, the storage space used by this notice is released. 
                                                                            
The return statement may be placed in the "middle" of a process routine. If executed by a 
process entity, it has the same effect as the end statement. We will not use the return statement 
(in a process routine) in this book. 
 
There is one additional option for the activate, reactivate, interrupt, resume, create, and 
destroy statements which we briefly explain by means of an example. Suppose that we would 
like to reactivate a CUSTOMER process notice, which had previously suspended itself. Assume, 
however, that the reference variable CUSTOMER does not point to this notice, but the integer 
variable LOCATION does. Then the process notice may be reactivated using the following 
statement: 

 reactivate the CUSTOMER called LOCATION now 
 
An application of this option is given in Chapter 3. 
 
There are two ways of associating a piece of information with each process notice (or realization 
of a process entity) corresponding to a particular type of process, namely, user-defined attributes 
and local variables. An attribute of a process is a global variable, which is defined in the 
preamble; on the other hand, a local variable is a variable defined in the process routine. An 
attribute is used instead of a local variable when the information must be accessible outside the 
process routine (i.e., the information must be global). For example, consider a process 
CUSTOMER, which has an attribute CU.AGE. Then we saw at the beginning of this section how 
this relationship is declared in the preamble. Furthermore, by defining CU.AGE to be an 
attribute we are assuming that access to the age of a customer, CU.AGE(CUSTOMER), is 
necessary outside of process routine CUSTOMER. If this is not the case, then AGE can be 
defined to be an integer local variable by placing the following statement at the beginning of 
process routine CUSTOMER: 
 

define AGE as an  integer variable 
 
(See the discussion of variables in Section 1.9.) In process routine CUSTOMER, we now set and 
access the AGE of a CUSTOMER by "AGE" rather than "CU.AGE(CUSTOMER)." 
 
Sometimes it is necessary to specify the value of an attribute for a process at the time when a 
process notice is first placed in the event list. There are two ways to approach this problem, 
which we discuss in terms of the preceding example. Suppose that we want to place a 
CUSTOMER process notice into the event list with an attribute CU.AGE of 35 and an activation 
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time of "now". Then one way to accomplish this is by using the create, let, and activate 
statements, as discussed earlier in this section. In this case we access the attribute CU.AGE of a 
CUSTOMER in process routine CUSTOMER (and elsewhere) by "CU.AGE(CUSTOMER)." 
This approach is used in Chapter 3. Another way to accomplish the same thing is to execute the 
following statement: 

activate a CUSTOMER giving 35 now 
 

and to begin process routine CUSTOMER with the following two statements: 
 

process routine CUSTOMER given AGE  
define AGE as an integer variable 

 
In this case, AGE is a local variable and is accessed by simply "AGE." (Note that a process 
attribute (i.e., CU.AGE) and a process routine argument (i.e., AGE) cannot have the same name.) 
This second approach is used in Chapters 4 and 6. 

 
If process notices for two or more types of processes have the same activation time, then these 
notices will be removed from the event list in the order that they were defined in the preamble. 
If this default is not appropriate, then it can be overridden by the priority order statement (see 
Chapter 4 for an example). 
 
It is possible for a process entity to request a resource with an integer-valued priority, with high 
priorities taking precedence. If at some point in time there are several process entity realizations 
in the resource's queue, then the one with the highest priority is served next (time of arrival is 
used to break ties). For example, suppose that a CUSTOMER process entity wants to request 1 
unit of the resource SERVER(l) with a priority of 5. Then this is accomplished by executing the 
following statement: 

 request 1 unit of SERVER(l) with priority 5 
 
If no priority is specified (the usual case), then a priority of 0 is assumed.  

 
1.5.2 Resources 

A resource is an object such as a person or machine which provides service to a process entity. A 
resource may have characterizing attributes and is defined in the preamble. For example, in 
Chapter 5 we model a manufacturing system with five workstations. Jobs arrive to the system 
and require service from a subset of the work stations in a prescribed order. We model the 
workstations by a resource called WORK.STATION which has an attribute 
WS.NUM.MACHINES, which is the number of machines in a particular workstation. (For 
expository convenience, we consider only one attribute here, whereas in Chapter 5 there are three 
attributes.) The resource WORK.STATION can be defined by placing the following statement in 
the preamble:

 resources 
 every WORK.STATION has a WS.NUM.MACHINES 
 

There are five system-defined variables, which are automatically associated with each defined 
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resource. These variables are explained in terms of our example. The variable 
N.WORK.STATION is the number of types of workstations desired (i.e., 5); its value must be 
specified by the modeler (see below). There are sets called Q.WORK.STATION(I) and 
X.WORK.STATION(I) automatically associated with WORK.STATION type I  
for I = 1, 2, …, N.WORK.STATION. The first set (or queue) contains those jobs waiting to be 
served by WORK.STATION type I, and the corresponding variable N.Q.WORK.STATION(I) is 
the number of jobs in the queue at a particular point in time. On the other hand, the second set 
contains those jobs executing WORK.STATION type I, and the variable 
N.X.WORK.STATION(I) is the number of jobs that are executing WORK.STATION type I at a 
particular point in time. These latter two variables are automatically updated by SIMSCRIPT. 
The variable U.WORK.STATION(I) is the number of idle units or machines in
WORK.STATION type I at a particular point in time. Its value is initially set by the modeler (see 
below) and is then automatically updated. Finally, the variable WORK.STATION (i.e., it has the 
same name as the resource itself) is an index variable which is equal to one of the 
WORK.STATION types (i.e., 1, 2, 3, 4, or 5). Its use will be explained below. 
 
In order to allocate storage for the resource WORK.STATION, we can execute the following 
create statement: 

create every  WORK.STATION(5) 
 
(This statement implicitly sets the value of N.WORK.STATION to 5.) Alternatively, we can 
read the value of N.WORK.STATION from an input file and then execute the following 
statement: 

create every  WORK.STATION 
 
After the storage has been allocated for resource WORK.STATION, we can then specify how 
many units of each type are initially available. Suppose that there are 3, 3, 4, 4, and 1 machine 
in work stations 1, 2, 3, 4, and 5, respectively. Then the following statements specify the initial 
number of units: 

let U.WORK.STATION(l) = 3 
let U.WORK.STATION(2) = 3 

                                                              . 
                                                              . 

let U.WORK.STATION(5) = 1 
                                                         
(Note that these variables are initialized differently in Chapter 5.) The variable 
U.WORK.STATION(I) will decrease by one each time a machine of type I becomes busy; 
conversely, it will increase by one each time a machine of type I becomes idle. 
 
A representation of the data structure for resource WORK.STATION is given in Figure 1.6. (The 
actual data structure is more complex; see Russell [7, Chapter 6] for details.) This figure shows 
the status of the data structure after the above initialization, but before the simulation actually 
begins. The Ith column in the data structure corresponds to WORK.STATION type I. The 
attribute WS.NUM.MACHINES(I), whose value was previously read from the input file, is the 
number of machines in WORK.STATION type 1. Initially, it has the same value as the variable 
U.WORK.STATION(I). Furthermore, it is used to print out the original number of machines of 
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type I at the end of the simulation. 
 
The index variable WORK.STATION is useful when one wants to access an attribute of a 
particular work station. For example, suppose that the variable WORK.STATION has a value of 
3. Then WS.NUM.MACHINES(WORK.STATION) is the number of machines of type 3. Most 
sophisticated applications of this variable will be seen in Chapter 5. 
 
Suppose for the manufacturing system that jobs are modeled by a process called JOB. If a JOB 
process entity executes a request or relinquish statement for WORK.STATION type I, then the 
variables N.Q.WORK.STATION(I), N.X.WORK.STATION(I), and U.WORK.STATION(I) 
may change. In particular, suppose that a JOB process entity requests one unit of 
WORK.STATION type I and at least one unit is available. Then the value of 
N.X.WORK.STATION(I) will increase by 1 and the value of U.WORK.STATION(I) will 
decrease by 1, etc. 
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Figure 1.6. Data Structure for Resource WORK.STATION
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1.6 More Complex Data Structures 
 
Processes and resources may be the only (major) SIMSCRIPT building blocks necessary to 
model relatively simple systems. However, as the size of the system being modeled gets larger 
and/or the decision logic for the system gets more complex, these concepts by themselves may 
no longer be adequate. In this section, we discuss data structures called permanent entities, 
temporary entities, and sets, which are very useful for modeling more complicated systems. 
 
1.6.1 Permanent Entities 

Permanent entities are a useful data structure when one is modeling a collection of "entities" 
whose number does not change during the course of the simulation. They may have attributes 
and are declared in the preamble. For example, in Chapter 6 we model a port for oil tankers. 
There are three different types of tankers and each tanker type has attributes of minimum loading 
time and maximum loading time. (Actually, there is a third attribute used in Chapter 6, but it is 
omitted here for expository convenience.) The three types of tankers are modeled by a permanent 
entity called TANKER.TYPE, which has attributes of MIN.LOADING.TIME and 
MAX.LOADING.TIME. This permanent entity is defined by placing the following statement in 
the preamble: 
 

 permanent entities 
 every TANKER.TYPE has a  MIN.LOADING.TIME and  a MAX.LOADING.TIME 

 
There are two system-defined global variables, which are automatically associated with each 
defined permanent entity. In our example, the variable N.TANKER.TYPE is the number of types 
of the permanent entity desired (i.e. 3). The reference variable TANKER.TYPE is equal to one 
of the specified types (i.e., 1, 2, or 3) The values of both variables are specified by the modeler. 
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The storage space for a permanent entity must be explicitly allocated. In our example, this could 
be accomplished by executing the following statement: 
 
 create every TANKER.TYPE(3) 

 
(This statement implicitly sets the value of N.TANKER.TYPE to 3.) Alternatively, the value of 
N.TANKER.TYPE could be read from an input file and the following statement executed: 
 
 create every TANKER.TYPE 

 
Suppose that the values of MIN.LOADING.TIME and MAX.LOADING.TIME have been read 
from an input file. Then the data structure for the permanent entity TANKER.TYPE can be 
represented as shown in Figure 1.7. Thus, column 1 represents the storage for type 1 of the 
permanent entity, etc. Furthermore, suppose that the variable TANKER.TYPE has been set to 2 
by the modeler. Then, for example, MAX.LOADING.TIME(TANKER.TYPE) is the maximum 
loading time for the second type of tanker. 

 

Figure 1.7. Data Structure for Permanent Entity TANKER.TYPE 

 
1.6.2 Temporary Entities 

A temporary entity is a useful data structure for modeling entities whose number may vary 
during the course of the simulation. New entities are created at various points in the simulation, 
remain in the model for some amount of time, and are then destroyed. (For another application of 
temporary entities, see Chapter 5.) 
 

 
Temporary entities may have attributes and are also declared in the preamble. For example, in 
Chapter 4 we model an inventory system for perishable items. New items arrive to the system 
when an order arrives from the company's supplier. Conversely, items leave the system when 
they are sold to customers. The items in the inventory are modeled by a temporary entity called 
ITEM, which has an attribute IT.SPOIL.TIME (i.e., the time that the item spoils). This 
temporary item is declared by placing the following statement in the preamble: 
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temporary entities 

 every ITEM has an  IT.SPOIL.TIME 
 

The above declaration states that there is a generic temporary entity called ITEM, which has 
certain storage requirements; however, no storage space is actually allocated by this statement. 
When a new item is to be added to the inventory, storage is allocated for this realization of ITEM 
by executing the following statement: 
 
 create an ITEM 

 
(Note that "a" may be substituted for "an" in the above statement.) 

As with processes, there is a system-defined global reference (or pointer) variable which is 
automatically defined for each declared type of temporary entity; furthermore, it has the same 
name as the temporary entity. In our example, the reference variable ITEM points to the 
computer location for the "current" realization of the temporary entity ITEM. (Note that there is 
exactly one reference variable ITEM, rather than one for each realization of ITEM.) In particular, 
after the above create statement is executed, ITEM will point to the storage for this particular
realization. If we then wanted to specify that the spoil time, IT.SPOIL.TIME, of this item is 
equal to 20, then the following statement would accomplish this: 
 
 let IT.SPOIL.TIME(ITEM) = 20 

 
Finally, suppose that an item is to be removed from the inventory and that ITEM points to the 
storage for the corresponding realization. Then this realization of temporary item ITEM is 
eliminated from the model (and its storage de-allocated) by the following statement: 
 
 destroy this ITEM 

 
(Note that "the" may be substituted for "this" in the above statement.) 
 
 
1.6.3 Sets 

A set is a collection of entities, which are logically ordered through the use of pointers. The 
entities, which are members of the set, may be process entities, resources, temporary entities, or 
permanent entities. We have already discussed two system-defined sets when describing 
resources in Section 1.5.2. In particular, suppose for a barbershop that the barber is modeled by 
a resource called BARBER and a process called CUSTOMER models the customers. Then the 
sets X.BARBER and Q.BARBER contain those CUSTOMER process entities that are currently 
executing on the resource BARBER or waiting for service from the resource BARBER, 
respectively. It should be noted that sets have many applications other than modeling service 
facilities or queues. For example, sets of entities can be used to represent more complex data 
structures (see Chapter 5).
  
A user can also define his or her own set. A user-defined set must have its member entities 
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defined in the preamble. It must also have an owner, which is declared in the preamble. The 
owner of a set, which is a pointer to the location of certain information about the set, may be a 
process, a resource, a temporary entity, or a permanent entity. Alternatively, if there is only one 
copy of the set in the model, then the owner can be declared to be "the system." 
 
Consider, once again, the inventory system of Chapter 4. The items in the inventory are modeled 
by a temporary entity called ITEM, and the warehouse in which the items are stored is modeled 
by a set called STORED.ITEMS.SET. This relationship is declared by placing the following 
statements in the preamble: 
 
         temporary entities 

every  ITEM has an IT.SPOIL.TIME and belongs to the STORED.ITEM.SET 
define STORED.ITEMS.SET as a fifo set 
the system owns the STORED.ITEMS.SET 
 

(Note that for expository reasons the above declarations are slightly different than those in 
Chapter 4.) It can be seen that the temporary entity ITEM is a member of the set 
STORED.ITEMS.SET, whose owner is declared to be "the system." Furthermore, observe that 
STORED.ITEMS.SET is defined to be a fifo set. This means that a new ITEM is added to the 
logical "end" of the set, and that when an ITEM is removed it is the "first" ITEM in the set (i.e., 
the one that has been in the set the longest). It should be noted that all sets in SIMSCRIPT are by 
default fifo, but we have adopted the convention of explicitly declaring the set discipline of each 
set. 
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The owner of a set has three attributes, which are automatically defined and updated. In our 
inventory example, F.STORED.ITEM.SET and L.STORED.ITEMS.SET are pointers to the first 
and last members of the set, respectively. Also, N.STORED.ITEMS.SET is the number of 
members, which are currently in the set. If the set is empty, all three attributes have a value of 0. 
Note that we can check to see if a set is empty by the following statement: 
 

if  STORED.ITEMS.SET is empty 
 
(We can check to see if a set is not empty by placing "not" before "empty" in the above 
statement.) 
 
Each member of a set also has three attributes. Suppose that the reference variable ITEM points 
to a member of the set. Then S.STORED.ITEMS.SET(ITEM) points to the successor of ITEM in 
the set, i.e., the member of the set which logically follows ITEM. If ITEM is the last member of 
the set, then the successor attribute has a value of 0. Similarly, P.STORED.ITEMS.SET(ITEM) 
points to the predecessor of ITEM in the set, i.e., the member of the set which logically precedes 
ITEM. If ITEM is the first member of the set, then the predecessor attribute has a value of 0. 
Since the third type of member attribute is not used in this book, we will not discuss it here. 
 
Before continuing, it is probably worthwhile to discuss what the set pointers actually point to. In 
the case of processes, a pointer points to a particular process notice. For temporary entities, a 
pointer points to the storage for a particular realization of the temporary entity. On the other 
hand, for resources or permanent entities a pointer is an index. For example, suppose that the 
permanent entity TANKER.TYPE (see Section 1.6.1) were a member of a set. Since 
TANKER.TYPE has three types, there are three “entities" or indices, which can potentially be a 
member of the set. Furthermore, a pointer for the set will be equal to 1, 2, or 3. 
 
We now discuss how to add a member to or remove a member from a fifo set. Suppose, in our 
inventory example, that ITEM points to a particular item whih we would like to add to (the end) 
of the set STORED.ITEMS.SET.  The following statement can accomplish this: 
 

file this ITEM in the STORED.ITEMS.SET 
 
(Note that "the" can be substituted for "this" in the above statement or, alternatively, neither 
word used. Also, "this" can be substituted for "the" (before the set name) or neither word used.) 

 
Suppose that we would like to remove the first ITEM from the set. This is accomplished by 
executing the following statement: 
 

 remove the first ITEM from the STORED.ITEMS.SET 
 
(Note that either "the" may be replaced by "this" or deleted.) Finally, it should be mentioned that 
attempting to perform a remove operation on an empty set causes a terminal error. 

 
Up to now we have only discussed sets with a fifo set discipline.  However, in some simulation 
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applications sets with a lifo or ranked discipline are also needed. A lifo or last-in, first-out set is 
one for which the members are both added to and removed from the "beginning" of the set. 
Suppose in the inventory system that we want the set STORED.ITEMS.SET to be a lifo rather 
than a fifo set. Then this can be accomplished by changing "fifo" to "lifo" in the previous 
preamble declaration. Furthermore, members can still be added to or removed from this set 
using the file and remove operations given above. 
 
A ranked set is one, which is logically arranged in increasing (or decreasing) order on some 
attribute of its member entities. For example, suppose that customers waiting in a queue are 
served in decreasing order of their age (i.e., older customers are served first). In particular, let the 
queue be represented by the set QUEUE and the customers by a process called CUSTOMER, 
which has as attribute CU.AGE. Then this arrangement is declared by placing the following 
statements in the preamble: 
 

processes 
every CUSTOMER has a CU.AGE and may belong to the QUEUE 
define QUEUE as a set ranked by CU.AGE  
the system owns the QUEUE 

 
Note that the every statement must come before the define statement in the preamble. Also, we 
used the phrase "may belong" rather than the phrase "belongs" since a CUSTOMER is not a 
member of the set QUEUE when it is actually being served. If we changed "high" to "low" in the 
definition of the set QUEUE, then customers would be served in increasing order of their age. 
Finally, members can be added to or removed from the set using the previously defined 
statements.  
 
There is one additional form of the remove statement that we would like to discuss. This option 
is available in general, but we discuss it in terms of our most recent example. Suppose that 
CUSTOMER points to a customer that is known to be currently a member of the set QUEUE. 
Then this CUSTOMER can be removed from the set using the following statement: 
 

remove this CUSTOMER from the QUEUE 
 
Several other forms of the file and remove statements are discussed by Russell [7, Chapter 5]. 
 
1.7 Modeling Random Phenomena 
 
Most discrete-event simulation models are stochastic in nature; that is, they contain one or more 
input random variables (or probability distributions). Furthermore, it is necessary to generate 
random samples from these distributions in order to drive a simulation model through time. For 
example, in a model of a barbershop we need to have a probability distribution, which is 
representative of the random inter-arrival times, and another distribution, which is representative 
of the random service (haircut) times. In this section we discuss the capabilities available in 
SIMSCRIPT for modeling random phenomena. 
 
The heart of any stochastic simulation model is a random-number generator, that is, a mechanism 
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for generating independent samples from a uniform distribution on the interval [0, 1]. The 
prominent role of the uniform distribution stems from the fact that a random sample from any 
other probability distribution (e.g., normal, binomial, etc.) can be obtained by appropriately 
transforming one or more random samples from the uniform distribution on the interval [0, 1]. 
 
The name of the random-number generator in SIMSCRIPT is random.f(I), where I, an integer 
between 1 and 10, is the number of the desired random-number stream. Thus, to generate a 
random number from the first random-number stream and place it in the variable X, we would 
execute the following statement: 

let X = random.f(l) 
 

The SIMSCRIPT random-number generator produces a very long sequence of random numbers, 
which is entered at different points depending on which stream is being used. Since the starting 
points for the ten streams are far apart, random numbers produced by different streams can often 
be considered "independent." Furthermore, by assigning a different stream to each different 
source of randomness in a simulation model, it is possible to improve the statistical precision of 
the simulation, particularly when comparing alternative system designs. 
 
Random number stream I is initialized by the seed seed.v(I) (for I = 1, 2, ..., 10) with each new 
submittal of a simulation model. (Note that seed.v(I) is updated each time a random number is 
generated from stream I during a particular submittal.) Thus, a simulation model run on two 
different days with the default seeds will produce exactly the same results. On the other hand, 
suppose that the seed.v array is printed out at the end of the run on the first day. If these seed 
values are read into the array seed.v at the start of the run on the second day, then the 
random-number streams will continue from where they left off on the first day and the 
simulation results from the two days will be different, as desired. A more complete discussion of 
random-number generators may be found in Law and Kelton [5, Chapter 6]. 
 
The random variables (or probability distributions) used in most simulation models are of two 
types, discrete or continuous. A discrete random variable is one that can take a finite number of 
different values or at most a countable number of different values. For example, in Chapter 4 the 
size of the demand for a product in an inventory system is a discrete random variable, which 
takes on the values 1, 2, 3, and 4 with respective probabilities 1/6, 1/3, 1/3, and 1/6. SIMSCRIPT 
provides system-defined functions for generating random samples from three standard discrete 
distributions. The names and arguments of these functions are given in Table 1.1, where I is the 
desired random-number stream. Also given in the table is the range of the distribution, which are 
the possible values that the corresponding random variable can take on. Thus, for example, a 
random sample can he generated from a Poisson distribution with a mean of 5 using stream 2 by 
executing the following statement: 
 

let X = poisson.f (5.0, 2) 
 

The meaning of the arguments (other than I) in Table 1.1 can be found in Law and Kelton [5, 
Chapter 5]. These authors also give properties, possible applications, and graphs of the 
probability mass functions for each of the three discrete distributions, as well as two others. 
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In some simulation studies, it might be necessary to sample from a discrete distribution which is 
not given in Table 1.1. The demand size for the inventory problem is an example. If such a case, 
the discrete distribution can be modeled in SIMSCRIPT by what is called a random step 
variable. This capability is illustrated in Chapters 4, 5, and 6. 
 
 

Table 1.1. Standard Discrete Distributions in SIMSCRIPT 
 
Distribution                                 Range                                         Function name and arguments 
 
Discrete uniform A, A + 1, ..., B randi.f(A, B, I) 
Poisson 0, 1, ... poisson.f(MEAN, I) 
Binomial 0, 1, ..., N binomial.f(N, P, I) 
 
 
A continuous random variable is one that can take on an uncountable infinite number of different 
values (e.g., all nonnegative real numbers). For example, in Chapter 2 the inter-arrival times of 
customers are assumed to be continuous random variables with an exponential distribution. 
SIMSCRIPT provides system-defined functions for generating random samples from eight 
standard continuous distributions. The names and arguments of these functions are given in 
Table 1.2. Several comments about these distributions are in order. The exponential distribution 
is a special case of both the gamma and Weibull distributions (for ALPHA = 1). Also, the Erlang 
distribution is just a gamma distribution with ALPHA equal to a positive integer in the latter 
distribution. Suppose that X has a beta distribution on the interval [0, 1].    
Then Y = A + (B - A)X is a beta distribution on the interval [A, B] with the same shape. If we let 
ALPHA1 = ALPHA2 = 1 in this distribution, then we get the uniform distribution on the interval 
[A, B]. Additional information on these distributions, including interpretation of the parameters, 
applications, and graphs of the probability density functions, can be found in [5, Chapter 5]. 
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Table 1.2. Standard Continuous Distributions in SIMSCRIPT 

 
Distribution Range Function name and arguments 
Exponential [0,  ) exponential.f(MEAN, I) ∞
Gamma [0, ∞ ) gamma.f(MEAN, ALPHA, I) 
Erlang [0, ∞ ) erlang.f(MEAN, ALPHA, I) 
Weibull [0, ∞ ) weibull.f(ALPHA, BETA, I) 
Lognormal [0, ∞ ) log.normal.f(MU, SIGMA, 1) 
Normal (- , )  normal.f(MU, SIGMA, I) ∞ ∞
Beta [0, 1] beta.f(ALPHAl, ALPHA2, I) 
Uniform [A, B] uniform.f(A, B, 1) 

 
 

One might ask how an analyst can decide what probability distribution is appropriate for a 
particular simulation input random variable. If data can be collected on the random variable of 
interest, then statistical techniques (e.g., histograms, parameter estimation, chi-square tests, etc.) 
can often be used to determine a standard probability distribution which provides a good fit for 
an input random variable; see [5, Chapter 5] and Law and Vincent [6]. Also, there is an 
interactive computer package called UniFit (see [6]) which can be used to determine quickly the 
most appropriate distribution. 

 
If no data can be collected on the random variable of interest (e.g., the corresponding system 
does not currently exist) and if this random variable is continuous, then the triangular distribution 
is often used by practitioners as an approximate model (see [5, pp. 204-206]). 

1.8 Estimating Measures of System Performance 
 

The objective of a simulation study is to estimate measures of performance for the system under 
consideration. For example, in the case of a one-man barbershop we might want to estimate the 
average delay in queue of a customer, the average number of customers in the queue, and the 
utilization of the barber. These statistics can easily be computed in SIMSCRIPT using the tally 
and accumulate statements. 
 
Two different types of statistics commonly occur in simulation models, which we discuss in turn. 
In many models, we collect observations x1, x2, ..., xn during the course of a simulation and 
would like to compute a simple function of the xj's such as the sample mean 
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j

j

n
x

1
 

We call a quantity like x(n) a sample statistic and such calculations are performed in 
SIMSCRIPT by using the tally statement. (Note that another sample statistic is the sample 
variance; see Chapter 6.) 
 
We now explain the use of the tally statement in terms of the barbershop example. Suppose that 
it is desired to estimate the average (or mean) delay in queue of a customer before beginning 
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service. Let the variable DELAY represent the delay of a customer. Furthermore, suppose that 
DELAY is set to each delay as it is observed during the course of the simulation. The sample 
mean of the observed values of DELAY can be computed by placing the following tally 
statement in the preamble: 
 

tally MEAN.DELAY as a mean of DELAY 
 
where MEAN.DELAY is the variable corresponding to the sample mean. (Note that “average" 
may be substituted for "mean" in the above statement. Also, we have adopted the convention of 
always beginning the name of the sample mean variable with the prefix "mean.") If 
MEAN.DELAY is accessed at some point during the course of the simulation (such as at the 
end), then it will be equal to the sample mean of all delays which have been observed. It should 
be noted that the tally statement can also be used to compute the maximum (or minimum) 
observed delay or the number of observed delays (see Chapter 2). 

Suppose that a simulation is run for T units of time and that f(t) is the value of some state 
variable at time t in the simulation, for 0 < t < T. The variable f(t) changes value as the 
simulation evolves over time. By way of example, in the case of the barbershop f(t) might be the 
number of customers waiting in the queue at time t. The variable f(t) will increase in value by 
one when a customer arrives to find the server busy. On the other hand, it will decrease in value 
by one when a customer completes being served and there are one or more customers in the 
queue. 
In general, it is often of interest to compute the average value of the variable f(t) over the length 
of the simulation, as defined by 

f(T) = ∫T f(t) dt/T. 
            0 

 
(Since the integral is the area under f(t) over the interval [0, T],  f (T) is, in fact, the average 
value of f(t).) We call f(T) the time-average value of f(t), and it can easily be computed in 
SIMSCRIPT using the accumulate statement. 
 
Suppose that we would like to compute the time-average number of customers in queue for the 
barbershop. Suppose further that the barber is modeled by a resource called BARBER. Then 
N.Q.BARBER is the number of customers in the queue at a particular point in time t, and 
corresponds to the variable f(t) in the above discussion. The time-average number of customers 
in the queue, f(T), is computed by placing the following accumulate statement in the preamble: 
 

accumulate AVG.NUMBER.IN.OUEUE as the average N.O.BARBER 
 
where AVG.NUMBER.IN.QUEUE is the variable corresponding to f(T). (Note that "MEAN" 
may be substituted for "AVERAGE" in the above statement. Also, we usually follow the 
convention of beginning the name of the time-average value variable with the prefix "AVG." 
One exception to this convention is when we use the tally statement to compute the utilization of 
a server.) If AVG.NUMBER.IN.QUEUE is accessed at some point in the simulation, then it will 
be equal to the time-average number of customers in queue up to that point in time. It should be 
noted that the accumulate statement can also be used to compute the maximum (or minimum) 
number of customers in the queue (see Chapter 2). 
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It might also be of interest in the case of the barbershop to compute the utilization of the barber, 
which is the proportion of time that the barber is busy. This can also be easily accomplished 
using the accumulate statement. Recall that N.X.BARBER is the number of process entities 
executing the resource BARBER at a particular point in time t. Furthermore, since there is only 
one barber, this variable will have a value of I when the barber is busy and a value of 0 when the 
barber is idle. If we let N.X.BARBER correspond to the variable f(t), then the integral of f(t) 
over the length of the simulation is equal to the amount of time that the barber is busy and, 
furthermore, f(T) is the utilization of the barber. We can compute the utilization f(T) by placing 
the following accumulate statement in the preamble:
 

accumulate  UTIL.BARBER as the average of  N.X.BARBER 
 
where UTIL.BARBER is the variable corresponding to f (T). 

 
In some simulation models, it is desired to begin computing estimates of performance measures 
only after some amount of simulated time has elapsed. For example, consider a simulation model 
of the operations of a port for oil tankers (see Chapter 6). Suppose that no tankers are present and 
that the port is completely idle at time 0. Then it might be of interest to run the simulation until 
the port is in "normal operation" and to gather statistics only from that point on. This can be 
accomplished in SIMSCRIPT by using the reset statement to reset the statistical counters 
associated with any tally or accumulate statements at the point in time when statistics gathering 
is to begin. (Note that the reset statement resets the statistical counters, but it does not change the 
state of the simulated system.) Since the reset statement is discussed in Chapters 3, 4, and 6, we 
will not describe its exact usage here. 

 
Finally, the tally and accumulate statements can also be used to make histograms for variables 
of interest (see Russell [7, Chapter 41). For example, a histogram of delays in queue for the 
barbershop can easily be computed with the tally statement. 
 

1.9 Additional Topics 
 

In this section we discuss several additional topics, which are important in building SIMSCRIPT 
simulation models. Since these subjects are illustrated in subsequent chapters, they are only 
briefly described here. 
 
Variables 
Variable names can be up to 80 characters in length and can be any combination of letters, digits, 
or periods that does not form a number. (No SIMSCRIPT variable or keyword may be split 
across two records, but a statement may extend over as many records as necessary.) Every 
variable has a mode, and the variables used in this book are either of the integer, real, or text 
modes. Integer and real variables, whose meaning is standard, initially have a value of 0. Text 
variables, on the other hand, take on values which are character strings. For example, in Chapter 
6 the text variable WEATHER takes on the character strings "STORMY" and "CALM." The null 
string initializes a text variable. 
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All variables have a default mode of real. However, we have adopted the convention of explicitly 
defining the mode of all variables. For example, the variable WEATHER is defined to be of the 
text variety by the following statement: 
 

define WEATHER as a text variable 
 
If a variable is defined in the preamble, then the variable is global. That is, its value can be 
accessed and changed in any part of the program. On the other hand, a variable defined in any 
subprogram (e.g., a process routine) other than the preamble is local to that subprogram. 

 
define to mean 
The define to mean statement can be used to substitute a character string for a single word, 
thereby making the program more readable. For example, in Chapter 6 we would like the word 
IN.TRANSIT to mean 1. This is accomplished by placing the following statement in the 
preamble: 

define IN.TRANSIT to mean 1 
 
Following Russell [7, Chapter 2], we have adopted the convention of beginning every define to 
mean "word" with a period. We will see another application of the define to mean statement in 
the discussion of time below. 
 
Time 
The simulation clock in SIMSCRIPT is a real variable called TIME.V. The default unit of time 
for the clock is days, which means that any output variables which measure time (e.g., mean 
delay in queue in the barbershop) will also be in days. Since days is not always an appropriate 
unit of time, it is convenient to redefine the basic unit of time using the define to mean 
statement. For example, in Chapter 2 we redefine the basic unit of time to be minutes by placing 
the following statement in the preamble: 
 

define minutes to mean units 
 
This statement defines minutes to have the same meaning as the default units days. Thus, as long 
as all time expressions (e.g., activate or work) use minutes as the unit of time, then any output 
variables will appear to be in units of minutes. For further discussion of the representation of 
time in SIMSCRIPT, see Russell [7, Chapter 3]. 
 
if statement 

Normally, the statements in a routine are executed in a sequential manner. However, it is 
sometimes necessary to alter the flow of control. If two alternative courses of action are of 
interest, then the general form of the if statement can be used. It has the following form: 
 

if  "logical expression" 
    “statement group 1" 
else 
    “statement group 2" 
always 
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If the "logical expression" is true, then "statement group 1" is executed and control is then 
passed to the statement after the always statement. If the "logical expression" is false (i.e., else), 
then "statement group 2" is executed and control is then passed to the statement after the always 
statement. If there is a single "statement group" and it is only to be executed when a "logical 
expression" is true, then the following simpler form of the if statement can be used: 
 

if   "logical expression" 
     “statement group" 
always 

 
 
If the "logical expression" is false, then control is immediately passed to the statement after the 
always statement. 
 
Note that several if statements may be nested to represent any level of logical complexity (see 
Chapter 6). 
 
 
do loop 
 
It is often of interest to execute the same group of statements two or more times. This can easily 
be accomplished by using a do loop. For example, if we want to execute a "statement group" 10 
times, then this can be done as follows: 
 

for I = 1 to 10 
do 
   " statement group" 
loop 

 
This will cause "statement group" to be executed first with I = 1, then executed with I = 2, etc. 
The for phase is only one possible way to specify how many times to execute the do loop. For 
example, one of the following alternative phases could be used: 

while "logical expression" or 
until "logical expression" 

 
The first phrase says that the statements between do and loop will be executed while the "logical 
expression" is true and the second phrase says that execution will occur until the "logical 
expression" is true. These phrases and others will be illustrated in subsequent chapters.

 
 
Input/Output 
SIMSCRIPT has very extensive capabilities for inputting data to or outputting data from a 
simulation model; however, we will use only a small number of the available options in this 
book. We will always use the free format read statement to read parameters from an input file. 
Also, we will almost always use the free-format print statement to print the simulation results on 
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a printer. For a more thorough discussion of input/output statements, see Russell [7, Chapter 8] 
or Kiviat, Markowitz, and Villaneuva [2]. 
 
Routines 
A SIMSCRIPT program can contain routines, (i.e., subroutines) other than process routines. For 
example, in Section 1.3 we discussed routines READ.DATA and INITIALIZE which are called 
from the Main program in all of our examples. It should be mentioned that no passage of time 
occurs during the execution of a routine. Note also that certain process commands (e.g., activate) 
can be executed in a routine. 
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2.1 A Simple Barbershop 
 
We begin our presentation of SIMSCRIPT examples by modeling a barbershop, which is 
operated by a single barber. We will add embellishments to this example in Section 2.2 and also 
in the Problems at the end of the chapter. 
 
2.1.1 Statement of the Problem 

A barbershop with one barber opens its doors at 9 A.M. and closes its doors at 5 P.M., but 
operates until all customers present at 5 P.M. have been served. Assume that the inter-arrival 
times of customers are independent exponential random variables with a mean of 30 minutes and 
that the service times of customers are independent uniform random variables on the interval (15, 
25) minutes. Also assume that customers are served in a first-in, first out (FIFO) manner. 
Simulate the barbershop for one day and gather statistics on the following: 

(a) Length of the day in minutes (at least 480 minutes) 
(b) Number of customers served 
(c) Mean and maximum time a customer is delayed in the queue (exclusive of service 

time) 
(d) Utilization of the barber (i.e., proportion of the day that the barber is busy) - 
(e) Time-average and maximum number of customers in the queue 

 
 
2.1.2 The SIMSCRIPT Program 

We will model customers entering the barbershop by a process called CUSTOMER and will 
model the barber as a resource (with a single type) called BARBER. We will also use a process 
ARRIVAL.GENERATOR to generate customers' arrivals and a process CLOSE.DOORS to 
close the doors of the barbershop at 5 P.M. The process routine corresponding to the latter 
process will be called only one time, namely, after the simulation has been running for 480 
minutes. The model-specific variables used in the program are given in Table 2.1. All variables 
are global (because they are defined in the preamble) except TIME.OF.ARRIVAL, which is a 
local variable in process routine CUSTOMER. 
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Table 2.1. Model-specific variables for the simple barbershop 
 

Variables Definition 
AVG.NUMBER.IN.QUEUE Time-average number of customers in queue 
DAY.LENGTH Amount of time the barbershop's doors are 

open 
DELAY.IN.QUEUE Delay in queue of a particular customer 
MAX.DELAY.IN.QUEUE Maximum delay in queue of a customer 
MAX.NUMBER.IN.QUEUE Maximum number of customers in queue 
MAX.SERVICE.TIME Maximum service time (i.e., 25 minutes) 
MEAN.DELAY.IN.QUEUE Mean delay in queue of a customer 
MEAN.INTERARRIVAL.TIME Mean inter-arrival time (i.e., 30 minutes) 
MIN.SERVICE.TIME Minimum service time (i.e., 15 minutes) 
NUM.BARBERS Number of barbers (equal to 1 in this example) 
NUM.SERVED Number of customers served in a day 
TIME.OF.ARRIVAL Time of arrival of a customer to the barbershop 
UTIL.BARBER Utilization of the barber 
 
 

1  preamble 
 2 
 3 processes include ARRIVAL.GENERATOR, CLOSE.DOORS, and CUSTOMER 
 4 
 5 resources include BARBER 
 6 
 7 define DAY.LENGTH, DELAY.IN.QUEUE, MAX.SERVICE.TIME, 
 8       MEAN.INTERARRIVAL.TIME, and MIN.SERVICE.TIME as real variables 
 9 
10 define NUM.BARBERS as an integer variable 
11 
12 define MINUTES to mean UNITS 
13 
14 tally MAX.DELAY.IN.QUEUE as the maximum, MEAN.DELAY.IN.QUEUE 
15  as the mean, and NUM.SERVED as the number of DELAY.IN.QUEUE 
16 
17 accumulate AVG.NUMBER.IN.QUEUE as the average and 

MAX.NUMBER.IN.QUEUE 
18 as the maximum of N.Q.BARBER 
19 
20 accumulate UTIL.BARBER as the average of N.X.BARBER 
21 
22  end  ''preamble 
 

Figure 2.1. Listing for the PREAMBLE, Simple Barbershop. 
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The preamble for this model is given in Figure 2.1. It begins with preamble (line 1) and 
concludes with end (line 22). (The word preamble in line 22, which is preceded by two single 
quotation marks, is taken as a comment.) The three types of processes are defined in line 3 and 
our single resource is defined in line 5. The five variables defined in line 7 and 8 are global real 
variables; thus, their values can be accessed and changed in all subprograms for this model. 
Similarly, NUM.BARBERS is declared to be a global integer variable in line 10. The basic unit 
of time for the simulation is specified to be minutes in line 12. This means that the simulation 
clock, TIME.V, is in units of minutes and also that any output variables which measure time 
(e.g., mean delay in queue) are in minutes. 
 
The tally statement in lines 14 and 15 is used to obtain sample statistics on the variable 
DELAY.IN.QUEUE. In particular, NUM.SERVED will be the number of delays observed (i.e., 
the number of times that a statement with DELAY.IN.QUEUE on the left-hand side of an equal 
sign is executed) and MAX.DELAY.IN.QUEUE and MEAN.DELAY.IN.QUEUE will be the 
maximum and sample mean of these delays, respectively. The accumulate statement in lines 17 
and 18 is used to compute time-average statistics on the system-defined variable N.Q.BARBER, 
which is the number of CUSTOMER processes waiting in the queue for the resource BARBER 
at a particular point in time. The quantities AVG.NUMBER.IN.QUEUE and 
MAX.NUMBER.IN.QUEUE will be the time average and the maximum, respectively, of 
N.Q.BARBER over the length of the simulation. The system-defined variable N.X.BARBER in 
line 20 is the number of CUSTOMER processes which are executing the resource BARBER at a 
particular point in time, which can be 1 or 0 in our example. Thus, if we use the accumulate 
statement to compute the time average of this variable over the length of the simulation, we 
obtain the proportion of time that the barber is busy, UTIL.BARBER. 
 
 

23  main 
24 
25 call READ.DATA 
26 call INITIALIZE 
27 
28 start simulation 
29 
30 call REPORT 
31 
32       end ''main 

 
Figure 2.2. Listing for the MAIN Program, Simple Barbershop. 
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The Main program, which has a format similar to that discussed in Chapter 1, is given in Figure 
2.2. We will first describe briefly the general structure of the Main program and then discuss the 
routines that it calls. Routine READ.DATA is called from line 25 of the Main program; it is used 
to read and print the input parameters. Routine INITIALIZE, which is called from line 26, is 
used to allocate storage for the resource and to initialize the event list. 
 
The start simulation statement, which is in line 28 of the Main program, calls the timing routine 
and begins the execution of the simulation. The timing routine will remove the first process 
notice from the event list, which in this case will be the notice for the ARRIVAL.GENERATOR 
process; see the discussion of routine INITIALIZE below. 
 
Routine REPORT is called from line 30 of the Main program at the first point in the simulation 
when the event list becomes empty (i.e., does not contain any process notices). This will occur at 
TIME.V = 480 minutes if the barber is idle at this point in time; otherwise, it will occur when all 
customers who have arrived by TIME.V = 480 minutes have been served. When control is 
returned from routine REPORT to the Main program, the simulation will end. Routine REPORT 
is described later in this section. 
 

33  routine READ.DATA 
34 
35       read DAY.LENGTH, MEAN.INTERARRIVAL.TIME, MIN.SERVICE.TIME, 
36       MAX.SERVICE.TIME, and NUM.BARBERS 
37 
38      print 6 lines thus 

 
BARBERSHOP MODEL -- INPUT PARAMETERS 
 

45 skip 3 lines 
46 
47 print 9 lines with NUM.BARBERS, MEAN.INTERARRIVAL.TIME, 
48  MIN.SERVICE.TIME, MAX.SERVICE.TIME, and DAY.LENGTH THUS 

 
NUMBER OF BARBERS ** 
 
INTERARRIVAL TIMES ARE EXPONENTIAL WITH MEAN ***.* MINUTES 
 
SERVICE TIMES ARE UNIFORM ON THE INTERVAL (***.*, ***.*) MINUTES 
 
DOORS CLOSE AFTER ****.* MINUTES 
 

58 start new page 
59 
60 end  '' read data 

 
Figure 2.3. Listing for routine READ.DATA, Simple Barbershop. 
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Routine READ.DATA is given in Figure 2.3. The free-format read statement  in line 35 reads 
the five specified variables from the input file. The data  corresponding to these variables may be 
on one or more lines of the input file, with the only requirement being that they are separated by 
one or more blanks. The print statement in line 38, which contains no variables, specifies that 
the six lines following this statement should be printed out exactly as shown. Thus, the first three 
lines printed will be blank. The  skip statement in line 45 says to skip three lines in the output 
file. The print statement in lines 47 and 48 says that the five specified variables will be printed 
out in nine lines exactly as shown. The formats for the five variables are given by the five 
successive asterisk groups. Thus, the format for NUM.BARBERS is "**", which means that the 
corresponding printed value will be integer valued and can take up to two decimal places. 
(Actually, the printed value can also use the two spaces to the left of the format.) Also, the 
format for MEAN.INTERARRIVAL.TIME is “***.*” which means that the printed value will 
be real valued and can have one decimal place to the right and three decimal places to the left of 
the decimal point, etc. The start new page statement in line 58 will cause any additional printing 
to begin on a new page. 
 
 
61 routine INITIALIZE 
62 
63 create every BARBER(1) 
64 let U.BARBER(1) = NUM.BARBERS 
65 
66 activate an ARRIVAL.GENERATOR  now 
67 activate a CLOSE.DOORS in DAY.LENGTH minutes 
68 
69 end ‘’INITIALIZE 
 

Figure 2.4. Listing for Routine INITIALIZE, Simple Barbershop. 
 

 
A listing for routine INITIALIZE is given in Figure 2.4. The create statement in line 63 allocates 
the storage for the resource BARBER, which we declare to have one type. (This statement 
implicitly sets the system-defined variable N.BARBER = 1.) In line 64 we specify that the 
number of available units of the first (and in this case only) type of resource BARBER, namely 
U.BARBER(l), is equal to NUM.BARBERS. The variable NUM.BARBERS has a value of 1 in 
our example. Note that the value of U.BARBER(l) will change during the course of the 
simulation; in particular, it will have a value of 0 when the barber is busy. The activate 
statement in line 66 places a process notice for process ARRIVAL.GENERATOR in the event 
list with an activation time of "now." Time "now" means that the process activation is scheduled 
to occur at the current time TIME.V, which in this particular instance has a value of  0, and that 
this process notice will be the first one removed from the event list when control is returned to 
the timing routine. The activate statement in line 67 places a CLOSE.DOORS process notice in 
the event list with an activation time of TIME.V + DAY.LENGTH = 480 minutes. 
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70 process ARRIVAL.GENERATOR 
71 
72 while TIME.V < DAY.LENGTH 
73 do 
74  wait exponential.f(MEAN.INTERARRIVAL.TIME,l)  minutes 
75  activate a CUSTOMER now 
76 loop 
77 
78 end  ‘ ‘ ARRIVAL.GENERATOR 
 
Figure 2.5. Listing for Process Routine ARRIVAL.GENERATOR, Simple Barbershop. 
 
The process routine for process ARRIVAL.GENERATOR is given in Figure 2.5. It is called 
each time the process notice for the ARRIVAL.GENERATOR process is removed from the 
event list. The routine will be first called at time 0 as a result of the activate statement in line 66 
of routine INITIALIZE. Since TIME.V will be less than DAY.LENGTH at this time, the while 
statement is satisfied and the do loop which begins at line 73 and ends at line 76 will be entered. 
The wait statement in line 74 places the ARRIVAL.GENERATOR process notice back in the 
event list with an activation time of 0 plus an inter-arrival time. The inter-arrival time is 
exponentially distributed with a mean of MEAN.INTERARRIVAL.TIME and is generated using 
random number stream 1. When this process notice is again removed from the event list, process 
routine ARRIVAL.GENERATOR is reentered at line 75. The activate statement at that line 
places a CUSTOMER process notice in the event list with an activation time of  now. (Thus, 
when control is returned to the timing routine, this will be the process notice removed from the 
event list.) Execution continues in routine ARRIVAL.GENERATOR at line 76 which again 
returns control to line 72. Since TIME.V still should be less than DAY.LENGTH, the do loop is 
again entered and the wait statement places the ARRIVAL.GENERATOR process notice back 
in the event list with an activation time equal to the then current value of TIME.V plus a new 
inter-arrival time, etc. Thus, the same ARRIVAL.GENERATOR process notice is continually 
recycled to generate customers with exponential inter-arrival times. 
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79 process CUSTOMER 
80 
81 define TIME.OF.ARRIVAL as a real variable 
82 
83 let TIME.OF.ARRIVAL = TIME.V 
84 request 1 BARBER(1) 
85 let DELAY.IN.QUEUE = TIME.V - TIME.OF.ARRIVAL 
86 work uniform.f(MIN.SERVICE.TIME,MAX.SERVICE.TIME,2)  minutes 
87 relinquish 1 BARBER(1) 
88 
89 end ‘ ‘ CUSTOMER 
 

Figure 2.6. Listing for Process Routine CUSTOMER, Simple Barbershop. 
 
The process routine for process CUSTOMER is given in Figure 2.6. It is called each time a 
process notice for a CUSTOMER is removed from the event list. When a customer first enters 
the barbershop, the routine is entered at the top and a local variable, TIME.OF.ARRIVAL, is 
associated with the customer (or, to be more precise, with its process notice) by the define 
statement in line 81. The actual time of arrival of the customer is set in line 83. The customer 
then requests one unit of the resource BARBER(l) in line 84. If the barber is idle (i.e., if 
U.BARBER(1) = 1), then the DELAY.IN.QUEUE of the customer is immediately set to 0 in line 
85 and the customer begins being served in line 86. The work statement at that line places the 
process notice for this customer back in the event list with an activation time of TIME.V plus a 
service time; the service time is uniformly distributed between MIN.SERVICE.TIME and 
MAX.SERVICE.TIME minutes and is generated using random number stream 2. Control is 
returned to the timing routine, which determines which process notice in the event list is now the 
most imminent. When the service time of the customer is completed and its process notice is 
removed from the event list, the CUSTOMER process routine is reentered at line 87 where the 
customer relinquishes one unit of the resource BARBER(l) (i.e., U.BARBER(1) is set to 1). If 
the queue, Q.BARBER(l), contains one or more customers, then the first customer in the queue 
is removed immediately, its process notice is placed in the event list with an activation time of 
"now," and U.BARBER(1) is again set to 0. (See the discussion two paragraphs below.) The 
customer who just completed service now executes the end statement in line 89, which destroys 
its process notice and returns control to the timing routine. 

 
If the barber is busy when a customer arrives (i.e., if U.BARBER(l) = 0), then the customer is 
placed in the queue, Q.BARBER(l); the customer remains there until he becomes first in the 
queue and another customer completes his service and relinquishes the barber. 
 
When the process notice of the customer who was first in the queue is removed from the event 
list (at the same time the customer left the queue), the CUSTOMER process routine is reentered 
at line 85. The DELAY.IN.QUEUE of this customer is positive since TIME.V will now be 
greater than the TIME.OF.ARRIVAL associated with this customer. 
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In summary, process routine CUSTOMER can be entered at line 79, 85, or 87 depending on 
whether a customer is first entering the barbershop, has just left the queue, or has just completed 
service, respectively. 
 
90  process CLOSE.DOORS 
91 
92   interrupt ARRIVAL.GENERATOR 
93 
94  end ‘ ‘ CLOSE.DOORS 
 

Figure 2.7. Listing for Process Routine CLOSEMORS, Simple Barbershop. 
 
The process routine for process CLOSE.DOORS is given in Figure 2.7. It is only called one time 
during the course of the simulation, namely, when its corresponding process notice is removed 
from the event list at TIME.V = 480 minutes. The interrupt statement in line 92 removes the 
ARRIVAL.GENERATOR process notice from the event list and, thus, prevents any customers 
from arriving to the barbershop when TIME.V > 480 minutes. Therefore, if TIME.V > 480 
minutes, only process notices corresponding to process CUSTOMER can be in the event list. 
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95 routine REPORT 
96 
97 print 6 lines thus 
 
SIMULATION RESULTS (ALL TIMES ARE IN MINUTES)  
 
104 skip 3 lines 
105 
106 print 3 lines with TIME.V thus 
 
SIMULATION ENDED AT  ***.** 
 
110 skip 3 lines 
111 
112 print 7 lines with NUM.SERVED, MEAN.DELAY.IN.QUEUE, and 
113  MAX.DELAY.IN.QUEUE thus 
 
TOTAL NUMBER OF MEAN TIME MAX TIME 
CUSTOMERS SERVED IN QUEUEIN QUEUE 
 
                         *****                       *****.**                     *****.** 
 
 121 skip 3 lines 
 122 
 123 print 7 lines with UTIL.BARBER(1)/NUM.BARBERS, 
AVG.NUMBER.IN.QUEUE(l), 
 124  and MAX.NUMBER.IN.OUEUE(l)  thus 
 
BARBER   AVERAGE NUMBER OF MAXIMUM NUMBER OF 
UTILIZATION CUSTOMERS IN QUEUE                CUSTOMERS IN QUEUE 
 
       ***.**                                               *****.**                                                       *****. 
 
132 end  ‘ ‘ REPORT 
 

Figure 2.8. Listing for Routine REPORT, Simple Barbershop. 
 

 
 
Routine REPORT, which is called from the Main program at the end of the simulation, is given 
in Figure 2.8. Since the statements used there are similar to those used in routine READ.DATA, 
we will not discuss the routine line by line. Note, however, in lines 123 and 124 that the resource 
type is specified explicitly in the output. For example, AVG.NUMBER.IN.QUEUE(l) is the 
time-average number in Q.BARBER(l). Also, observe that the utilization of the barber is 
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computed as UTIL.BARBER(1)/NUM.BARBERS. This accounts for the more general situation 
where NUM.BARBERS ≥ 1 and UTIL.BARBER(l) is the time-average number of busy barbers. 
 
2.1.3 Simulation Output and Discussion 

The input parameters and simulation results are given in Figures 2.9 and 2.10, respectively. Note 
in Figure 2.10 that the barber finished the last customer at approximately 5:28 and that the mean 
and maximum time a customer spent in the queue appears to be a little excessive.                                                       
 

BARBERSHOP MODEL -- INPUT PARAMETERS 

 

NUMBER OF BARBERS I 

INTERARRIVAL TIMES ARE EXPONENTIAL WITH MEAN  30. MINUTES 

SERVICE TIMES ARE UNIFORM ON THE INTERVAL ( 15. , 25. ) MINUTES 

DOORS CLOSE AFTER 480. MINUTES 

Figure 2.9. Input Parameters for the Simple Barbershop. 
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SIMULATION RESULTS (ALL TIMES ARE IN MINUTES) 

 

 

SIMULATION ENDED AT  508.35 

 

TOTAL NUMBER OF MEAN TIME MAX TIME 
CUSTOMERS SERVED IN QUEUE IN QUEUE 
 

21      30.08            72.58 

 

BARBER AVERAGE NUMBER OF MAXIMUM NUMBER OF 
UTILIZATION CUSTOMERS IN QUEUE CUSTOMERS IN QUEUE 
                       

                   .84                                                   1.24                                                           4. 

Figure 2.10. Simulation Output for the Simple Barbershop. 

 

 

2.2 A Barbershop with Embellishments 
 
In this section we make the barbershop more complex by adding additional barbers and a cashier. 
 
2.2.1 Statement of the Problem 
 

Suppose that the barbershop of Section 2.1 is located in a downtown area and that a high-rise 
office building will be built next door which will decrease the mean inter-arrival time from 30 to 
15 minutes. As a result, the barber decides to hire a cashier to checkout customers after their 
haircut has been completed. Service times at the cashier are uniform random variables on the 
interval (1, 5) minutes; the large variation is due to different methods of payment and the fact 
that some customers buy hair products. (When the cashier is not serving a customer, she stocks 
the shelves with products, but this is not explicitly modeled.) Assume that the barbershop has six 
chairs for waiting customers (not including the barbers' chairs). If a customer arrives and all six 
chairs are occupied, then the customer will leave immediately without being served. (This is 
called balking) Because of the increase in the arrival rate of customers, the barbershop's owner is 
considering hiring one or two additional barbers. Run the simulation for each of the cases one, 
two, or three barbers and gather statistics on the following additional quantities: 
. 

(a) Number of balks. 
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(b) Mean and maximum delay in the cashier queue. 

 
(c) Utilization of the cashier. 

 
(d) Time-average and maximum number of customers in the cashier queue. 

 
 
2.2.2 The SIMSCRIPT Program 
 
We will model the cashier by a resource aptly named CASHIER; the other resource and the 
processes are the same as in the previous example. The new model-specific variables for this 
problem are given in Table 2.2. All of these variables are global except CHECKOUT.TIME, 
HAIRCUT.FINISH.TIME, and SERVICE.TIME, which are local variables in process routine 
CUSTOMER. 
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Table 2.2. Additional Model-Specific Variables for the Embellished Barbershop 

 
Variables Definition 
AVG.CASHIER.QUEUE.SIZE    
Cashier que                                     

Time-average number of customers in cashier 
queue 

CHECKOUT.DELAY                                          Delay in the cashier queue of a particular 
customer 

CHECKOUT.TIME                                              Time for the cashier to checkout a customer 
HAIRCUT.FINISH.TIME                                    Time at which a customer's haircut is finished 
MAX.CASHIER.QUEUE.SIZE                           Maximum number of customers in the cashier 

queue 
MAX.CHECKOUT.DELAY                                Maximum delay in the cashier queue of a 

customer 
MAX.CHECKOUT.TIME                                    Maximum checkout time (i.e., 5 minutes) 
MEAN.CHECKOUT.DELAY                             Mean delay of a customer in the cashier queue 
MIN.CHECKOUT.TIME                                      Minimum checkout time (i.e., 1 minute) 
NUM.BALKS                                                       Number of customers who balk 
NUM.CASHIERS                                                 Number of cashiers (i.e., 1) 
NUM.CHAIRS                                                     Number of chairs for waiting customers (i.e., 

6) 
SERVICE.TIME                                                   Time for a barber to cut a customer's hair 
UTIL.CASHIER                                                   Utilization of the cashier 
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   1    preamble 
 2 
 3 processes include ARRIVAL.GENERATOR, CLOSE.DOORS, and CUSTOMER 
 4 
 5 resources include BARBER and CASHIER 
 6 
 7 define CHECKOUT.DELAY, DAY.LENGTH, DELAY.IN.QUEUE, 
MAX.CHECKOUT.TIME, 
 8  MAX.SERVICE.TIME, MEAN.INTERARRIVAL.TIME, 
MIN.CHECKOUT.TIME, 
 9  and MIN.SERVICE.TIME as real variables 
10 
11 define NUM.BALKS, NUM.BARBERS, NUM.CASHIERS, and NUM.CHAIRS as 
12  integer variables 
13 
14 define MINUTES to mean UNITS 
15 
16 tally MAX.DELAY.IN.OUEUE as the maximum, MEAN.DELAY.IN.QUEUE 
17  as the mean, and NUM.SERVED as the number of DELAY.IN.QUEUE 
18 
19 tally MAX.CHECKOUT.DELAY as the maximum and MEAN.CHECKOUT.DELAY 
20  as the mean of CHECKOUT.DELAY 
21 
22 accumulate AVG.NUMBER.IN.QUEUE as the average and 
MAX.NUMBER.IN.QUEUE 
23  as the maximum of N.Q.BARBER 
24 
25 accumulate AVG.CASHIER.QUEUE.SIZE as the average 
26  MAX.CASHIER.QUEUE.SIZE as the maximum of N.Q.CASHIER 
27 
28 accumulate UTIL.BARBER as the average of N.X.BARBER 
29 
30 accumulate UTIL.CASHIER as the average of N.X.CASHIER 
31 
 32      end ‘ ‘ PREAMBLE 
 

Figure 2.11. Listing for the PREAMBLE, Embellished Barbershop. 
 
The preamble for this model is given in Figure 2.11. Note that the resource CASHIER is defined 
in line 5 and that additional tally and accumulate statements are used to compute output 
statistics for the cashier. 
 
The Main program used for this model is identical to the one in Figure 2.2 and is not repeated. 
(Process routines ARRIVAL.GENERATOR and CLOSE.DOORS are also identical to their 
counterparts for the previous model.) 
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43  routine READ.DATA 
44 
45  read DAY.LENGTH, MEAN.INTERARRIVAL.TIME, MIN.SERVICE.TIME, 
46  MAX.SERVICE.TIME, NUM.BARBERS, MIN.CHECKOUT.TIME, 
47  MAX.CHECKOUT.TIME, NUM.CASHIERS, and NUM.CHAIRS 
48 
49 print 6 lines thus 
 
BARBER SHOP MODEL -- INPUT PARAMETERS 
 
 

56 skip 3 lines 
57 
58 print 15 lines with NUM.BARBERS, NUM.CASHIERS, NUM.CHAIRS, 
59  MEAN.INTERARRIVAL.TIME, MIN.SERVICE.TIME, MAX.SERVICE.TIME, 
60  MIN.CHECKOUT.TIME, MAX.CHECKOUT.TIME, and DAY.LENGTH thus 

 
NUMBER OF BARBERS     ** 
NUMBER OF CASHIERS    ** 
NUMBER OF CHAIRS         ** 
INTERARRIVAL TIMES ARE EXPONENTIAL WITH MEAN ***.* MINUTES 
SERVICE TIMES ARE UNIFORM ON THE INTERVAL (***.*, ***.*) MINUTES 
CHECKOUT TIMES ARE UNIFORM ON THE INTERVAL (***.*, ***.*) MINUTES 
DOORS CLOSE AFTER ****.* MINUTES 

76 start new page 
77 
78    end ‘ ‘ READ.DATA 

 
Figure 2.12. Listing for routine READ.DATA, embellished barbershop. 

79 routine INITIALIZE 
80 
81 create every BARBER(1) 
82 let U.BARBER(1) = NUM.BARBERS 
83 
84 create every CASHIER(1) 
85 let U.CASHIER(1) = NUM.CASHIERS 
86 
87 activate an ARRIVAL.GENERATOR now 
88 activate a CLOSE.DOORS in DAY.LENGTH minutes 
89 
90 end ‘ ‘ INITIALIZE 

 
Figure 2.13. Listing for Routine INITIALIZE, Embellished Barbershop. 
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Routine READ.DATA, which is similar to before, is given in Figure 2.12. Routine INITIALIZE 
is given in Figure 2.13; note that storage is allocated for one type of cashier in line 84 and that 
the number of units of this cashier type is set in line 85 to NUM.CASHIERS, which is I in this 
example. 
 

 
 
100    process CUSTOMER 
101 
102 define CHECKOUT.TIME, HAIRCUT.FINISH.TIME, SERVICE.TIME,  and 
103  TIME.OF.ARRIVAL as real variables 
104 
105 let SERVICE.TIME = uniform.f(MIN.SERVICE.TIME,MAX.SERVICE.TIME,2) 
106 let CHECKOUT.TIME = 
uniform.f(MIN.CHECKOUT.TIME,MAX.CHECKOUT.TIME,3) 
107 
108 if N.Q.BARBER(l) < NUM.CHAIRS 
109 
110  let TIME.OF.ARRIVAL = TIME.V 
111  request 1 BARBER(1) 
112  let DELAY.IN.QUEUE = TIME.V - TIME.OF.ARRIVAL 
113  work SERVICE.TIME minutes 
114  relinquish 1 BARBER(1) 
115 
116  let HAIRCUT.FINISH.TIME = TIME.V 
117  request 1 CASHIER(1) 
118  let CHECKOUT.DELAY = TIME.V - HAIRCUT.FINISH.TIME 
119  work CHECKOUT.TIME minutes 
120  relinquish 1 CASHIER(1) 
121 
122 else 
123 
124  add 1 to NUM.BALKS 
125 
126 always 
127 
128    end ''CUSTOMER 
 

Figure 2.14. Listing for Process Routine CUSTOMER, Embellished Barbershop. 
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The process routine for process CUSTOMER, which is significantly different than before, is 
given in Figure 2.14. The define statement in lines 102 and 103 associates the four specified 
local variables with a customer. The SERVICE.TIME and CHECKOUT.TIME of the customer 
are computed at the time of the customer's arrival in lines 105 and 106, which is different than 
what was done in Section 2.1. By generating these times when a customer arrives, we guarantee 
for each of the cases one, two, or three barbers that the same number of customers arrive in a 
day, that these customers arrive at the same times, and that the same SERVICE.TIME and 
CHECKOUT.TIME are associated with each customer. This allows us to make a more precise 
comparison of the three cases than would be possible with independent sampling. For further 
discussion of this variance-reduction technique, which is called common random numbers, see 
Law and Kelton [5, pp. 349-354]. 
 
The statements in lines 108 to 126 are an example of the general form of the if statement in 
SIMSCRIPT. If a customer arrives and finds less than six customers waiting for a barber (i.e., if 
N.Q.BARBER(l) < NUM.CHAIRS), then the customer enters the barbershop and is processed 
by lines 110 to 120. Note in line 113 that when a customer actually begins his haircut, he uses 
the SERVICE.TIME which was generated upon his arrival. After the customer completes his 
haircut in line 114, he proceeds to the cashier (lines 116 to 120) and is processed in a manner 
similar to that done by the barber. Control is passed to line 128 after the customer completes 
being checked out in line 120. 
 
If a customer arrives and finds six customers already waiting for a barber, then he balks and 
executes line 124. Control is then passed to line 128 where the process notice for this customer is 
destroyed. 
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134 routine REPORT 
135 
136 print 6 lines thus 

 
SIMULATION RESULTS (ALL TIMES ARE IN MINUTES) 
143 skip 3 lines 
144 
14S print 5 lines with TIME.V AND NUM.BALKS thus 

 
SIMULATION ENDED AT ****.** 
NUMBER OF BALKS *** 
151 skip 4 lines 
152 
153 print 12 lines with  NUM.SERVED, MEAN.DELAY.IN.OUEUE, and 
154  MAX DELAY.IN.QUEUE thus 

 
BARBER: 
 
TOTAL NUMBER OF MEAN TIME MAX TIME 
CUSTOMERS SERVED IN QUEUE IN QUEUE 
   
                        *****                           *****.**                   *****. 
 167 skip 1 line 
 168 
 169 print 7 lines with UTIL.BARBER(1)/NUM.BARBERS, 
AVG.NUMBER.IN.QUEUE(l), 
 170  and MAX NUMBER.IN.QUEUE(l) thus 
 
BARBER   AVERAGE NUMBER OFMAXIMUM NUMBER OF 
UTILIZATION CUSTOMERS IN QUEUE CUSTOMERS IN QUEUE 
  
                 ***.**                                          *****.**                                                        *****. 
178 skip 3 lines 
179 
180 print 12 lines with MEAN.CHECKOUT.DELAY and MAX CHECKOUT.DELAY thus 

 
CASHIER: 
MEAN TIMEMAX TIME 
IN QUEUE IN QUEUE 

 
         *****.**                 *****.** 
 193 skip 1 line 
 194 
 195 print 7 lines with UTIL.CASHIER(1)/NUM.CASHIERS, 
 196 AVG.CASHIER.QUEUE.SIZE(l), and MAX.CASHIER.QUEUE.SIZE(l) thus 
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CASHIER   AVERAGE NUMBER OFMAXIMUM NUMBER OF 
UTILIZATION CUSTOMERS IN QUEUE CUSTOMERS IN QUEUE 

 
           ***.**                                         *****.**                                                *****. 
 
204 end ''REPORT 
 

Figure 2.15. Listing for Routine REPORT, Embellished Barbershop. 
 

 
 
Routine REPORT, which is similar to before, is given in Figure 2.15. 
 
 
2.2.3 Simulation Output and Discussion 

The input parameters and simulation results for the case of two barbers are given in Figures 2.16 
and 2.17, and a summary of the results for all three cases is given in Table 2.3. From the results 
presented in Table 2.3, it would appear that the barbershop should employ two or three barbers. 
The results for one barber are clearly unacceptable (e.g., a mean time in the barber queue of 
almost 81 minutes). By employing three rather than two barbers, the mean time in the barber 
queue is reduced form 10.31 to 1.93 minutes; however, the average barber utilization drops from 
0.83 to 0.57. Also, there is the salary of the third barber to consider.  
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Table 2.3. Summary of the simulation results for the three barbershop employment 
policies. 

 
                                                                                Number of barbers 
 
Quantity of interest 1  2  3 
 

Time simulation ended 604.30   508.1 494.13 

Number of balks 13     0  0 

Number of customers served 29     42  42 

Mean time in barber queue 80.68   10.31 1.93 

Maximum time in barber queue 120.23   34.86 13.91 

Average barber utilization .97   .83 .57 

Average number in barber queue 3.87   .85 .16 

Maximum number in barber queue 6      4  2 

Mean time in cashier queue ' 0   .12 .55 

Maximum time in cashier queue 0   2.82 6.58 

Cashier utilization .14   .24 .25 

Average number in cashier queue 0   .01 .05 

 
   
Maximum number in cashier queue 0      1  2 
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BARBER SHOP MODEL -- INPUT PARAMETERS 

 
 

 
NUMBER OF BARBERS   2 
 
NUMBER OF CASHIERS   1 
 
NUMBER OF CHAIRS         6 
 
INTERARRIVAL TIMES ARE EXPONENTIAL WITH MEAN 15  MINUTES 
 
SERVICE TIMES ARE UNIFORM ON THE INTERVAL (15, 25) MINUTES 
 
CHECKOUT TIMES ARE UNIFORM ON THE INTERVAL (1, 5) MINUTES 
 
DOORS CLOSE AFTER 480  MINUTES 
 

Figure 2.16. Input Parameters for the Embellished Barbershop with two Barbers. 
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BARBERSHOP MODEL -- INPUT PARAMETERS 

 

 

NUMBER OF BARBERS I 

INTERARRIVAL TIMES ARE EXPONENTIAL WITH MEAN  30. MINUTES 

SERVICE TIMES ARE UNIFORM ON THE INTERVAL (15. , 25. ) MINUTES 

DOORS CLOSE AFTER 480. MINUTES 

 

Figure 2.17. Input Parameters for the Simple Barbershop. 

 

SIMULATION RESULTS (ALL TIMES ARE IN MINUTES) 

 

SIMULATION ENDED AT  508.35 

 
TOTAL NUMBER OF MEAN TIME MAX TIME 
CUSTOMERS SERVED IN QUEUE IN QUEUE 
 

21      30.08            72.58 

 

BARBER AVERAGE NUMBER OF MAXIMUM NUMBER OF 
UTILIZATION CUSTOMERS IN QUEUE CUSTOMERS IN QUEUE 
                       

                   .84                                                   1.24                                                           4. 

 
Figure 2.18. Simulation Output for the Embellished Barbershop with two 

Barbers. 
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PROBLEMS 
 
2.1. In the one-man barbershop of Section 2.1, suppose that customers still arrive with 
exponential inter-arrival times with a mean of 30 minutes, but now customers are of two types. 
Seventy-five percent of the customers want a regular haircut and have a service time which is 
uniformly distributed on the interval (15 25) minutes, while the other twenty-five percent of the 
customers want their hair styled which requires a service time uniformly distributed on the 
interval (40, 50) minutes. Gather the same statistics as before and run the simulation for each of 
the following two cases: 
 

(a) Customers are served in a strictly FIFO manner. 
 

(b) Customers who want their hair styled are given priority over customers who want a 
regular haircut. Thus, when the barber becomes idle, he will serve a customer who 
wants his hair styled first, if such a customer is present. Assume that customers of 
the same type are served in a FIFO manner. 

 
2.2. In the barbershop of Problem 2.1, suppose now that statistics are to be gathered on the mean 
and maximum delay in queue, the time-average and maximum number of customers in the 
queue, and the number of customers served, for each type of customer. (Do not gather statistics 
across customer types.) Also gather statistics on the length of the day and the utilization of the 
barber. 
 
2.3. In the barbershop of Section 2.1, suppose that the barber normally takes a 30-minute lunch 
break at the first time after 12 noon that the facility is empty. If the barber has not gone to lunch 
by 1 P.M., then he will skip lunch. If a customer arrives while the barber is at lunch, the 
customer may leave immediately without being served. Assume that whether such a customer 
leaves depends on the amount of time remaining before the barber's return. (The barber posts his 
time of return from lunch.) In particular, a customer who arrives during lunch will actually leave 
with the following probabilities: 
 

Time Remaining before Barber’s Return 
Minutes 

Probability of Customer’s Balking 

[0,30 )                                                                        
0.75 

[10,20 ) 0.50 
[ 0,10 ) 0.25 

 
Run the simulation and gather statistics on the same quantities as before. (Note that the barber is 
not busy when at lunch.) In addition, gather statistics on the number of balks and whether the 
barber takes a lunch break. 
 
2.4. Consider the barbershop of Section 2.2 with two barbers and a cashier. Assume that walk-in 
customers arrive with exponential inter-arrival times with a mean of 30 minutes and are always 
served by barber 1. Walk-in customers balk if the total number of waiting customers (of any 
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type) is equal to six. In addition, appointment customers are scheduled every half hour beginning 
at 9:30 A.M. and ending at 4:30 P.M.; barber always serves appointment customers 2 and never 
balk. Suppose that 10 percent of appointment customers never show up. Furthermore, suppose 
that if t is the scheduled time of arrival of an appointment customer, then the actual time of 
arrival of the customer is normally distributed with a mean of t - 5 minutes and a standard 
deviation of 5 minutes. Run the simulation for one day and gather statistics, for each type of 
customer, on the number of customers served, the mean and maximum delay in queue, and the 
time-average and maximum number of customers in the queue. Also gather statistics on the 
length of the day, the utilization of each barber (assume that both barbers go home at the same 
time), and the number of balks of walk-in customers. 
 
2.5. Repeat Problem 2.4 if barber 2 may serve a walk-in customer. In particular, barber 2 will 
serve a walk-in customer if barber 1 is busy and one of the following conditions is satisfied: 
 

(a) It is between 9 A.M. and 9:10 A.M. 
 

(b) The 4:30 appointment has been served. 
 
(c) It is 10 minutes after a scheduled appointment time and no appointment customers 

are present. 
 

In addition to the statistics gathered in Problem 2.4, compute the number of walk-in customers 
served by barber 2. 
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Chapter 3 A Time-Shared Computer Model 
 

 
In this chapter we model a time-shared computer system. Many real-world simulation studies are 
concerned with modeling some aspect of a computer system. 
 
3.1 Statement of the Problem 
 
Consider a company with a time-shared computer system consisting of a single central 
processing unit (CPU) and n terminals, as shown in Figure 3.1. The operator of each terminal 
"thinks" for an amount of time, which is an exponential random variable with a mean of 25 
seconds and then sends a job to the CPU with a service time, which is an exponential random 
variable with a mean of 0.8 second. The arriving jobs join a single queue in front of the CPU but 
are served in a round-robin rather than FIFO manner. That is, the CPU allocates to each job a 
maximum service quantum of length q = 0.1 second. If the (remaining) service time of a job, s, is 
less than or equal to q, the CPU spends time s plus a fixed overhead T = 0.015 second processing 
the job and the job returns to the terminal. If s is greater than q, the CPU spends time q plus T 
processing the job, the job joins the end of the queue, and its remaining service time is 
decremented by q seconds. The process is repeated until the job's service is eventually 
completed, at which point the job returns to its terminal and another think time begins. The 
round-robin-scheduling rule allows the computer to process jobs with a small service time faster  
 

 
 

Figure 3-1. Time-Shared Computer Model. 
 
than jobs with a large service time without knowing the service time of each job in advance. 
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Define the response time of a job to be the time elapsing between the instant the job leaves its 
terminal and the instant that it is finished being processed at the CPU. For each of the cases n = 
30, 35, ..., 70, simulate the computer system for 1000 job completions and gather statistics on the 
mean and maximum response time of the first 1000 jobs, the time-average number of jobs 
waiting in the queue, and the utilization of the CPU. Assume that all terminals are in the think 
state at time zero. The company would like to know how many terminals it can have on its 
system and still provide its users with a mean response time of 30 seconds. 
 
3.2 The SIMSCRIPT Program 
 
We will model a job from the instant it leaves its terminal to the instant it is finished being 
processed at the CPU (and returns to the terminal) by a process called JOB. We will use a 
process called TERMINAL to model the terminal operator thinking for an amount of time and 
then sending a job to the CPU to be processed; process TERMINAL corresponds to process 
ARRIVAL.GENERATOR in the barbershop models. However, unlike process 
ARRIVAL.GENERATUR, process TERMINAL does not continually generate jobs. Rather, 
after sending a job to the CPU, process TERMINAL suspends itself, and is not reactivated until 
its corresponding job returns to the terminal. Also, there will be n TERMINAL process notices 
present during the simulation, one for each of the terminals. The CPU will be modeled by a 
resource with the same name (and one type). The model-specific variables used in the program 
are given in Table 3.1. All variables are global except SERVICE.TIME and START.TIME, 
which are local variables in process routine JOB. 
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Table 3-1. Model Specific Variables for the Computer Model 

Variables Definitions 
AVG.NUMBER.IN.QUE Time-average number of jobs in queue 
INC.NUM.TERMINALS Increment in the number of terminals (ie.,5) 
JB.TERMINAL Attribute of process JOB representating the 

terminal corresponding to a particular job. 
MAX.RESPONSE.TIME Maximum response time of a job. 
MAX.TERMINALS Maximum number of terminals (i.e.,70) 
MEAN.RESPONSE.TIME Mean response time of a job 
MEAN.SERVICE.TIME Mean service time (i.e.,0.8 sec.) 
MEAN.THINK.TIME Mean think time (i.e., 25 sec.) 
MIN.TERMINALS Minimum number of terminals (i.e., 30) 
MIN.JOBS.COMPLETED Number of jobs completed in a particular 

simulation run 
NUM.JOBS.DESIERED Number of jobs for each simulation run 

(i.e.,1000) 
NUM.TERMINALS Number of terminals for a particular 

simulation run. 
OVERHEAD Overhead (i.e., 0.015 sec.) 
QUANTUM Quantum (i.e., 0.1 sec.) 
RESPONSE.TIME Response time of a particular job. 
SERVICE.TIME Service time of a particular job. 
UTIL.CPU Utilization of the CPU. 
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 1 preamble 
 2 
 3  processes include TERMINAL 
 4 
 5  every job has a JB.TERMINAL 
 6  define JB.TERMINAL as an integer variable 
 7 
 8 resources include CPU 
 9 
10 define MEAN.SERVICE.TIME, MEAN.THINK.TIME, OVERHEAD, 
11  QUANTUM, and RESPONSE.TIME as real variables 
12 
13 define INC.NUM.TERMINALS, MAX.TERMINALS, MIN.TERMINALS, 
14  NUM.JOBS.COMPLETED, NUM.JOBS.DESIRED, and NUM.TERMINALS 
15  as integer variables 
16 
17 define SECONDS to mean UNITS 
18 
19 tally MAX.RESPONSE.TIME as the maximum and 
20  MEAN.RESPONSE.TIME as the mean of RESPONSE.TIME 
21 
22 accumulate AVG.NUMBER.IN.QUEUE as the average of N.Q.CPU 
23 
24 accumulate UTIL.CPU as the average of N.X.CPU 
25 
 26      end  ‘ ‘ PREAMBLE 
 

Figure 3.2. Listing for the PREAMBLE, Computer Model. 

 

68  



Chapter 3 A Time-Shared Computer Model 

The preamble for the computer model is given in Figure 3.2. Note in line 5 that JOB is defined 
to be a process with an attribute JB.TERMINAL, which is a pointer to the TERMINAL process 
notice corresponding to the job. It is necessary for JB.TERMINAL to be an attribute rather than a 
local variable since its value is set in one routine and accessed in another. In line 17 we define 
seconds to be the basic unit of time for the simulation. The remaining statements in the 
preamble are similar to ones, which were used in Chapter 2. 
 
27 main 
28 
29 call READ.DATA 
30 
31 for NUM.TERMINALS = MIN.TERMINALS to MAX.TERMINALS 
32  by INC.NUM.TERMINALS 
33 do 
34  call INITIALIZE 
35  start simulation 
36 loop 
37 
38 end ‘ ‘ MAIN 

Figure 3.3 Listing for the MAIN Program, Computer Model. 

 

The Main program, which differs in several respects from its counterpart for the barbershop 
models, is given in Figure 3.3. As in Chapter 2, we will first describe the general structure of the 
Main program and then discuss the routines that it calls. Routine READ.DATA is called from 
line 29 of the Main program; it is used to read and print the input parameters and also to print a 
heading for the table of simulation results. (An output heading is necessary because the results 
for several simulation runs are being printed in a single table.) The for statement in lines 31 and 
32 of the Main program says, in effect, to make one simulation run for each of the cases 
NUM.TERMINALS = MIN.TERMINALS, MIN.TERMINALS + INC.NUM.TERMINALS,..., 
MAX.TERMINALS. For each simulation run, the do loop which begins and ends at lines 33 and 
36, respectively, will be executed. Routine INITIALIZE, which is called from line 34, initializes 
certain variables and also the event list. The start simulation statement, which is in line 35, calls 
the timing routine and begins the execution of a particular simulation run. After 
NUM.JOBS.DESIRED jobs have been processed in a simulation run, routine REPORT is called 
(from process routine TERMINAL) and no new think times are allowed to begin. As a result, the 
event list will eventually become empty and control will be passed to line 36 of the Main 
program. If not all of the desired runs have been executed, then the do loop is again entered at 
line 33 and another simulation run is begun. Thus, in summary, the simulation results are 
computed and printed before the actual end of a run. 
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39 routine READ.DATA 
40 
41 create every CPU(1) 
42 let U.CPU(1) = 1 
43 
44 read QUANTUM and OVERHEAD 
45 
46 read MIN.TERMINALS, MAX.TERMINALS, INC.NUM.TERMINALS, and 
47  MEAN.THINK.TIME 
48 
49 read MEAN.SERVICE.TIME and NUM.JOBS.DESIRED 
50 
51 print 6 lines thus 
 

TIME-SHARED COMPUTER MODEL -- INPUT PARAMETERS 

 

58 skip 3 lines 
59 
60 print 11 lines with MEAN.THINK.TIME, MEAN.SERVICE.TIME, 
61  QUANTUM, OVERHEAD, and NUM.JOBS.DESIRED thus 
 

THINK TIMES ARE EXPONENTIAL WITH MEAN ***.* SECONDS 

SERVICE TIMES ARE EXPONENTIAL WITH MEAN ***.* SECONDS 

QUANTUM    ***.***  SECONDS 

OVERHEAD   ***.***  SECONDS 

 

NUMBER OF JOBS PROCESSED    ****** 

73 start new page 
74 
75 print 6 lines thus 

 

SIMULATION RESULTS (ALL TIMES ARE IN SECONDS) 

82 skip 3 lines 
83 
84 print 5 lines thus 
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NUMBER OF  MEAN  MAXIMUM AVERAGE CPU 
TERMINALS RESPONSE TIME RESPONSE TIMENUMBER IN QUEUE  UTILIZATION 

 

     90   end  ‘ ‘  READ.DATA 

Figure 3.4. Listing for Routine READ.DATA, Computer Model. 

Routine READ.DATA is given in Figure 3.4. Note that the resource CPU is declared to have one 
type in line 41 and that the number of units of this type is specified to be 1 in line 42. This 
initialization is done here rather than in routine INITIALIZE because the latter routine is called 
one time for each simulation run. 
 

 91 routine INITIALIZE 
 92 
 93 define I as an integer variable 
 94 
 95 let TIME.V = 0 
 96 let NUM.JOBS.COMPLETED = 0 
 97 
 98 reset totals of RESPONSE.TIME, N.Q.CPU(1), and N.X.CPU(1) 
 99 
100 for I = 1 to NUM.TERMINALS 
101 do 
102  activate a TERMINAL now 
103 loop 
104 
105 end ‘ ‘ INITIALIZE 

 

Figure 3.5. Listing for routine INITIALIZE, Computer Model 

 
The listing for routine INITIALIZE is given in Figure 3.5. The define statement in line 93 
declares I to be a local integer variable. This declaration is consistent with our convention of 
explicitly declaring the mode of every variable. In lines 95 and 96 the variables TIME.V (i.e., the 
simulation clock) and NUM.JOBS.COMPLETED are set to 0 (at the beginning of each 
simulation run). This is necessary because more than one simulation run is being made in each 
submittal to the computer. (Note that SIMSCRIPT initializes all variables to 0 at the beginning of 
the first run.) The reset statement in line 98 resets the statistical counters associated with the 
variables RESPONSE.TIME, N.Q.CPU(1), and N.X.CPU(l) at the beginning of each simulation 
run. For example, in the case of RESPONSE.TIME, the number and sum of the observations of 
this variable are set to 0; see Russell [7, Chapter 4] for further discussion. The variable 
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NUM.TERMINALS in line 100 is the number of terminals for a particular simulation run. Thus, 
the effect of lines 100 to 103 is to place a TERMINAL process notice in the event list for each of 
the terminals, so that the operator of each terminal can begin his think time. 
 

 

 

106       process TERMINAL 
107 
108 until NUM.JOBS.COMPLETED >= NUM.JOBS.DESIRED 
109  do 
110 wait exponential.f(MEAN.THINK.TIME,1) seconds 
111 create a JOB 
112 let JB.TERMINAL(JOB) = TERMINAL 
113 activate this JOB now 
114 suspend  '' the terminal 
115 
116 add 1 to NUM.JOBS.COMPLETED 
117 if NUM.JOBS.COMPLETED = NUM.JOBS.DESIRED 
118  call REPORT 
119 always 
120 loop 
121 
122        end ‘ ‘ TERMINAL 
 

Figure 3.6. Listing for process routine TERMINAL, Computer Model. 

 
Process routine TERMINAL is given in Figure 3.6. It is called each time a process notice for a 
TERMINAL is removed from the event list. The until statement in line 108 says that the do loop 
(lines 109 to 120) will be entered until NUM.JOBS.COMPLETED is greater than or equal to 
NUM.JOBS.DESIRED. Thus, no think times can begin after NUM.JOBS.DESIRED jobs have 
been completed. The wait statement in line 110 places the TERMINAL process notice back in 
the event list with an activation time of TIME.V plus an exponential think time. When this 
process notice is again removed from the event list, process routine TERMINAL is reentered at 
line 111. The create statement at that line creates a process notice for a JOB but does not place 
this notice in the event list. The attribute JB.TERMINAL of this JOB is set to TERMINAL in 
line 112, where TERMINAL is a global integer variable, which contains the computer storage 
location of its corresponding process notice. (This attribute tells a job to what terminal it should 
return after being processed by the CPU; see process routine JOB in Figure 3.7.) The activate 
this statement in line 113 places the already existing process notice for this job in the event list 
with an activation time of "now." Note that it would not be correct to use "A" rather than "THIS" 
in line 113 because this would create another process notice. Also, the single statement “activate 
a JOB giving TERMINAL now” could replace lines 111 to 113; we will take this approach in 
latter chapters. The suspend statement in line 114 stops the execution of this realization of 
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process TERMINAL and returns it to the "created" state; see Figure 1.5. 
 

When the job mentioned above completes its processing at the CPU, control is returned to 
process routine TERMINAL which is reentered at line 116. In line 116 the counter 
NUM.JOBS.COMPLETED is incremented by 1. Then, in line 117, a check is made to see if 
NUM.JOBS.COMPLETED is equal to NUM.JOBS.DESIRED. If this is the case then routine 
REPORT is called to print the results for this particular simulation run. (However, as mentioned 
earlier, the simulation does not terminate at this point.) Control will now be passed to line 120 
and then to line 108. Since the inequality at that line will now be satisfied, control is passed to 
line 122 where the process notice for this terminal is destroyed. If the required number of jobs 
has not been completed in line 117, then the do loop is entered at line 109 and a new think time 
begins, etc.

 

123 process JOB 
124 
125   define SERVICE.TIME and START.TIME as real variables 
126 
127   let START.TIME = TIME.V 
128   let SERVICE.TIME = exponential.f(MEAN.SERVICE.TIME,2) 
129 
130   while SERVICE.TIME > QUANTUM 
131   do 
132    request 1 CPU(1) 
133    work (QUANTUM + OVERHEAD) seconds 
134    let SERVICE.TIME = SERVICE.TIME - QUANTUM 
135    relinquish 1 CPU(1) 
136   loop 
137 
138   request 1 CPU(1) 
139   work (SERVICE.TIME + OVERHEAD) seconds 
140   relinquish 1 CPU(1) 
141   let RESPONSE.TIME = TIME.V - START.TIME 
142   reactivate the TERMINAL called JB.TERMINAL(JOB) now 
143 
144        end ‘‘ JOB 

 
Figure 3.7. Listing for Process Routine JOB, Computer Model 

Process routine JOB is given in Figure 3.7. It is called when a JOB process notice is removed 
from the event list. The local variables START.TIME and SERVICE.TIME are defined in line 
125 and their values are set in lines 127 and 128. The do loop, which begins at line 131 and ends 
at line 136, corresponds to one complete pass through the CPU for a job (i.e., the processing time 
is QUANTUM + OVERHEAD seconds). The job will make a complete pass as long as the 
SERVICE.TIME of the job is greater than QUANTUM; furthermore, SERVICE.TIME is 
reduced by the amount QUANTUM after each pass. Thus, if a job had a SERVICE.TIME of 
0.75 second, then it would make seven complete passes through the CPU and one partial pass 
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(see lines 138 to 140). It should be noted that a particular job would not make two back-to-back 
passes through the CPU if another job were waiting in the queue. This is because when one job 
relinquishes the CPU at the end of a pass (line 135), then the first job in the queue (if any) is 
removed and U.CPU(1) is set to 0. 
 
After a job makes all of its complete passes through the CPU, it then makes a partial pass in lines 
138 to 140. The processing time for this partial pass is SERVICE.TIME + OVERHEAD 
seconds, where SERVICE.TIME is now less than or equal to QUANTUM. The response time of 
the job is then computed in line 141 and the reactivate the statement in line 142 places the 
process notice for the TERMINAL corresponding to the job back in the event list with an 
activation time of "now." (This statement corresponds to the completed job returning to its 
terminal.) When this process notice is removed from the event list, process routine TERMINAL 
will be entered at line 116. Finally, the process notice for the job is destroyed in line 144. 
 
145  routine REPORT 
146 
147    print 3 lines with NUM.TERMINALS, MEAN.RESPONSE.TIME, 
148          MAX.RESPONSE.TIME, AVG.NUMBER.IN.QUEUE(l), and UTIL.CPU(1) THUS 
 

                       ***                     *****.***                 *****.***                           ***.***                      

*.*** 

152           end ‘‘ REPORT 

Figure 3.8. Listing for Routine REPORT, Computer Model. 

Routine REPORT, which is called after NUM.JOBS.DESIRED jobs have been completed, is 
given in Figure 3.8. It is straightforward and requires no explanation. 
 
3.3 Simulation Output and Discussion 
 
The input parameters and simulation results are given in Figures 3.9 and 3.10, respectively. Note 
that the CPU was busy almost continuously when there were 45 or more terminals. More 
importantly, observe that the company can have approximately 60 terminals on its computer 
system and still provide its users with a mean response time of 30 seconds. 
 
It should be mentioned that we did not use the method of common random numbers (see Section 
2.2.2) in evaluating the performance of the computer system for different numbers of terminals, 
because the technique would have been difficult to apply here. 
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TIME-SHARED COMPUTER MODEL -- INPUT PARAMETERS 

 

 

THINK TIMES ARE EXPONENTIAL WITH MEAN  25. SECONDS 

SERVICE TIMES ARE EXPONENTIAL WITH MEAN  .8 SECONDS 

QUANTUM .100 SECONDS 

OVERHEAD .015 SECONDS 

NUMBER OF JOBS PROCESSED  1000 

Figure 3.9. Input Parameters for the Computer Model. 

 

SIMULATION RESULTS (ALL TIMES ARE IN SECONDS) 

 

NUMBER OF MEAN MAXIMUM AVERAGE CPU 

TER14INALS  RESPONSE TIME  RESPONSE TIME   NUMBER IN QUEUE UTILIZATION 

  

 

                 30                              5.545 42.498 4.540 .913 

 35 8.524 57.082 7.934 .980 

40 11.633 78.557 11.202 .989 

45 17.875 124.417 17.552 .999 

50 21.512 176.999 22.165 .999 

55 23.209 145.675 25.263 .999 

60 30.186 224.015 32.290 1.000 

65 35.134 283.471 36.111 .997 

70 36.461 385.084 40.130 1.000 

 

Figure 3.10. Simulation Output for the Computer Model. 
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PROBLEMS 

3.1. For the time-shared computer model described in Section 3.1, suppose that instead of 
processing jobs in the queue in a round-robin manner the CPU chooses the job from the queue 
which has made the fewest number of previous passes through the CPU. In case of ties, the rule 
is FIFO. (This is equivalent to using time of arrival to the queue to break ties.) Run the model 
with n = 60 terminals for 1000 job completions. 
 
3.2. For the model described in Section 3.1, suppose now that there is an additional terminal 
which is used for systems development. Suppose for this terminal that think times are 
exponential with a mean of 5 minutes and that service times are exponential with a mean of 10 
seconds. (The other terminals have the same characteristics as before.) Suppose further that when 
a “systems” job begins service it is served in entirety by the CPU on one pass (i.e., it does not 
receive service one quantum at a time). Also, a systems job will join the head of the queue when 
it arrives and finds the CPU busy. Run the model with n = 60 regular terminals and the systems 
terminal for a total of 1000 job completions. 
 
3.3. Consider a model of a time-shared computer system which has both similarities to, and 
differences with, the model of Section 3.1. There is a single CPU and 15 terminals, as well as a 
disk drive and a tape drive, as shown in Figure 3.11. The operator of each terminal thinks for an 
amount of time, which is an exponential random variable with a mean of 100 seconds and then 
sends a job to the computer, where it joins a FIFO queue at the CPU (unless the CPU is idle, in 
which case the job immediately begins service). 
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Figure 3.11. A Time-Shared Computer Model with Disk and Tape Drives 
 
 
 
Service times of jobs at the CPU are exponential random variables with a mean of 1 second. 
Upon leaving the CPU, a job is either finished (with probability 0.20, independent of the system 
state) and returns to its terminal to begin another think time, or requires data from the disk drive 
(with probability 0.72), or needs some data stored on tape (with probability 0.08). 
 
If a job leaving the CPU is sent to the disk drive, it may have to join a FIFO queue there until the 
disk drive is free; a service time at the disk drive is an exponential random variable with a mean 
of 1.39 seconds. Upon finishing disk service the job queues up again at the CPU. A job leaving 
the CPU bound for the tape drive has an experience similar to a disk job, except that a service 
time at the tape drive is an exponential random variable with a mean of 12.5 seconds. All service 
times and think times are independent, and all terminals are in the think state at time zero. 
Simulate the computer system for 1000 job completions and gather statistics, for each of the 
three devices, on utilization, on the time-average number of jobs in queue, and on the mean delay 
in queue. Also gather statistics on the mean and maximum response time of a job. 
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3.4. The following problem is not directly related to the computer model of Section 3.1. A 
computer facility with a single CPU opens its doors at 7 A.M. and closes its doors at 12 A.M. 
(midnight), but operates until all jobs present at 12 have been served. Assume that jobs arrive at 
the facility with inter-arrival times that are independent exponential random variables with a 
mean of 1.91 minutes. Jobs request either express (class 4), normal (class 3), deferred (class 2), 
or convenience (class 1) service and the classes occur with respective probabilities 0.05, 0.50, 
0.30, and 0.15. When the CPU is idle, it will process the highest-class (priority) job present, the 
rule being FIFO within a class. The times required for the CPU to process class 4,3,2, and 1 
job(s) are independent 3-Erlang random variables with respective means 0.25, 1.00, 1.50, and 
3.00 minutes. (A 3-Erlang random variable with mean m is the sum of 3 independent 
exponential random variables each with mean m13.) Simulate the computer facility for each of 
the following cases: 

 
(a) A job being processed by the CPU is not preempted. 

 
 (b) If a job of class i is being processed and a job of class j (j > i) arrives, the arriving 

job preempts the job being processed. The preempted job joins the queue and takes 
the highest priority in its class, and only its remaining service time needs to be 
completed at some future time. 

 
For each class, gather statistics on the time-average number of jobs in queue and the mean delay 
in queue. Also gather statistics on the proportion of time that the CPU is busy (i.e., the 
utilization) and the proportion of CPU busy time that the CPU spends on each class. 
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Chapter 4 A Model of an Inventory System 
 
 
In this chapter we model an inventory system whose items spoil over time. Possible examples of 
such a system are blood banks or produce markets. Inventory systems, like computer systems, 
are widely simulated in the real world. 
 
4.1 Statement of the Problem 
 
Consider a company, which sells a single product and would like to decide how many items to 
have in inventory for each of the next n months. The times between demands are independent 
exponential random variables with a mean of 0.1 month. The sizes of the demands, D, are 
independent random variables (independent of when the demands occur) with 
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where w.p. is read "with probability." 
At the beginning of each month, the company reviews the inventory level and decides how many 
items to order from its supplier. If the company orders Z items, it incurs a cost K + iZ, where K = 
$32 is the setup cost and i = $3 is the incremental cost per item. (If Z = 0, no cost is incurred.) 
When the order is placed, the time required for it to arrive 
(called the delivery lag) is a random variable which is uniformly distributed between 1 and 3 
months. Thus, it is possible for there to be between 0 and 3 outstanding orders at a particular 
time. 
 
The company uses a stationary (s, S) policy to decide how much to order, i.e., 
 

Z=  



>
<−

sTif
sTifTS

0
,

 
where the total inventory level T = I + N, I is the (net) inventory level at the beginning of the 
month, and N is the number of items on order at the beginning of the month. 
 
When a demand occurs, it is satisfied immediately if the inventory level is greater than or equal 
to the demand size. If the demand size is greater than the inventory level, the excess of demand 
over supply is backlogged and satisfied by future deliveries. (In this case, the new inventory 
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level is equal to the old inventory level minus the demand size, a negative integer.) When an 
order arrives, it is first used to eliminate as much of the backlog (if any) as possible and the 
remainder of the order (if any) is added to the inventory. 
 
Suppose that the inventory is perishable and has a shelf life which is uniformly distributed 
between 1.5 and 2.5 months. That is, if an item has a shelf life of ℓ months, then ℓ months after it 
is placed in inventory it spoils and is of no value to the company. (Note that different items in an 
order from the supplier will have different shelf lives.) The company discovers that an item is 
spoiled only upon examination before a sale. If an item is determined to be spoiled, it is 
discarded and the next item in the inventory is examined. Assume that items in the inventory are 
processed in a FIFO manner.  
 
So far we have discussed only one type of cost incurred by the inventory system, namely, the 
ordering cost. However, most real-world inventory systems also have two additional types of 
costs, holding and shortage costs, which we discuss after introducing some additional notation. 
Let I(t) be the inventory level at time t (I(t) may be positive, zero, or negative), let I+(t) = max 
{I(t), 0} be the number of items actually in the inventory at time t (I+(t) > 0), and let I-(t) max 
{-I(t), 0} be the backlog at time t (I-(t) > 0). Note that I(t) I+(t) - I-(t). 
For our model, we shall assume that the company incurs an average holding cost for the n 
months of  
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where h = $2 per item per month and   
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number of items actually in inventory.  The holding cost includes such costs as warehouse rental, 
insurance, taxes, and maintenance. It also includes the opportunity cost of having capital tied up 
in inventory rather than invested elsewhere. (We have ignored in our formulation the fact that 
some holding costs are still incurred when I+(t) = 0. However, since our goal is to compare 
ordering policies, ignoring this factor (which is independent of the policy used) will not affect 
our assessment of which policy is best.) 

 
We shall also assume that the company incurs an average shortage cost for the n months of 

n

dttI
n

∫ −

0

)(
π  

                     

80  



Chapter 4 A Model of an Inventory System 

                                                             
 

                                                           

where π = $5 per item per month  
n

dttI
n

∫ −

0

)(
 is the time-average 

                                     
number of items in backlog. The shortage cost includes the cost of extra record keeping when a 
backlog exists and also a cost due to the loss of  customers' goodwill. 
 
Assume that initially I(0) = 60 and that no orders are outstanding. Simulate the inventory system 
for n = 120 months (10 years) and use the average total cost per month (which is the sum of the 
average ordering cost per month, the average holding cost per month, and the average shortage 
cost per month) to compare the following nine inventory policies: 
 
   s     20 20 20 20 40 40 40 60 60 
    S  40 60 80 100 60 80 100 80 100 
 
 
Also gather statistics, for each policy, on the three individual average costs. 
 
4.2. The SIMSCRIPT Program 
 
We will use a process called DEMAND.GENERATOR to model the demand for the product by 
customers, a process called INVENTORY.REVIEW to model the monthly review of the 
inventory by the company, and, finally, a process called ORDER. ARRIVAL to represent the 
arrival of an order from the supplier. We will also employ a temporary entity ITEM to represent 
the items in the inventory. An item belongs to the set STORED.ITEMS.SET, which corresponds 
to the "warehouse" in which the inventory is stored. The model-specific variables used in the 
program are given in Table 4.1. 
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Table 4.1. Model-Specific Variables for the Inventory System 
 
Variables                                                  Definition 

 
AVG.HOLDING.COST     Average holding cost per month 

AVG.NUMBER.IN.BACKLOG     Time-average number of items in backlog 

AVG.NUMBER.IN.STORAGE     Time-average number of items in inventory 

AVG.SHORTAGE.COST     Average shortage cost per month 

AVG.TOTAL.COST     Average total cost per month 

BIG.S     S, second number in the specification of the (s, S) inventory  

                                                             policy 

CURRENT.DEMAND     Number of items requested by a particular customer 

DEMAND.SIZE     Random step variable corresponding to demand   size D 

FOUND     Indicate whether or not an unspoiled item has been found in 

                                                             the inventory 

H     h, multiplier for average holding cost (i.e., $2) 

INC.COST.PER.ITEM     i, incremental cost per item ordered (i.e., $3) 

INITIAL.INVENTORY     Initial inventory level (i.e., 60) 

INVENTORY.LEVEL     T, total inventory level at the beginning of a month 

IT.SPOIL.TIME     Time that a particular item will spoil 

LITTLE.S     s, first number in the specification of the (s, S) 

     inventory policy 

MAX.DELIVERY.LAG     Maximum delivery lag (i.e., 3 months) 

MAX.SHELF.LIFE     Maximum shelf life (i.e., 2.5 months) 

MEAN.INTERDEMAND.TIME     Mean interdemand time (i.e., 0.1 month) 

MEAN.ORDERING.COST     Mean ordering cost per month 
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Table 4.1. (Continued) 

  

            Variables                                                       Definition 

 

MIN.DELIVERY.LAG     Minimum delivery lag (i.e., 1 month) 

MIN.SHELF.LIFE     Minimum shelf life (i.e., 1.5 months) 

NUM.BACKLOGGED     I-(t), number of items backlogged 

NUM.MONTHS     Length of the simulation in months (i.e., 120 

     months) 

NUM.ON.ORDER     Number of items on order 

NUM.POLICIES      Number of inventory policies being considered  (i.e., 9) 

OA.ORDER.SIZE     Attribute of the process ORDER.ARRIVAL 

     representing the size of an order 

ORDER.SIZE     Local variable representing the size of a particular order 

ORDERING.COST     Ordering cost for a particular order 

PI     π, multiplier for average shortage cost  (i.e., $5) 

SAVESEED1     Seed for random number stream 1 

SAVESEED2     Seed for random number stream 2 

SETUP.COST     K, setup cost of placing an order (i.e., $32) 
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1 preamble 
  2 
  3           processes include DEMAND.GENERATOR and INVENTORY.REVIEW 
 4 
 5  every ORDER.ARRIVAL has an OA.ORDER.SIZE 
 6  define OA.ORDER.SIZE as  an  integer  variable 
 7 
 8 priority order is ORDER.ARRIVAL, DEMAND.GENERATOR,  and 
 9  INVENTORY.REVIEW 
10 
11 temporary entities 
12 
13  every ITEM has an IT.SPOIL.TIME and belongs to  the 
14   STORED.ITEMS.SET 
15  define IT.SPOIL.TIME as a real variable  
16 
17       define  STORED.ITEMS.SET  as a FIFO set 
18       the system owns the STORED.ITEMS.SET 
19 
20           define H, INC.COST.PER.ITEM, MAX.DELIVERY.LAG, MAX.SHELF.LIFE, 
21    MEAN.INTERDEMAND.TIME, MIN.DELIVERY.LAG, MIN.SHELF.LIFE, 
22    ORDERING.COST, PI, and SETUP.COST as real variables  
23 
24          define  BIG.S, INITIAL.INVENTORY, LITTLE.S, NUM.BACKLOGGED, 
25    NUM.MONTHS, NUM.ON.ORDER, NUM.POLICIES, SAVESEED1, and 
26    SAVESEED2 as integer variables  
27 
28          define  MONTHS  to mean UNITS  
29 
30 the system has a  DEMAND.SIZE  random step variable  
31 define DEMAND.SIZE as an integer, stream 2 variable 
32 
33 tally MEAN.ORDERING.COST as the mean of ORDERING.COST 
34 
35 accumulate AVG.NUMBER.IN.STORAGE  as the average of  N.STORED.ITEMS.SET 
36 
37 accumulate AVG.NUMBER.IN.BACKLOG as the average of NUM.BACKLOGGED 
38 
39   end  ‘ ‘ preamble 
 

Figure 4.1. Listing for the PREAMBLE, Inventory Model. 
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The preamble for the inventory model is given in Figure 4.1. In lines 8 and 9 we define the 
priority order of the three processes, which is used by the timing routine to break ties when two 
or more process notices have the same activation time. This is necessary because process notices 
for all three processes are placed in the event list at time 0 with activation times of "NOW". 
 
The temporary entity ITEM, which is defined in lines 11 through 15, has an attribute 
IT.SPOIL.TIME and belongs to the set STORED.ITEMS.SET. This set is defined to be a FIFO 
set whose owner is the "the system" in lines 17 and 18. (Recall from Chapter I that the owner of 
a set points to the computer storage locations where information about the set (e.g., the current 
number of members) is located.) In line 28 we define months to be the basic unit of time for the 
simulation. The random step variable DEMAND.SIZE, which is defined in lines 30 and 31, is 
used to model the discrete random variable demand size. It uses random number stream 2 to 
generate demand sizes randomly and is declared an attribute of the "the system." Finally, note in 
line 35 that the system-defined variable N.STORED.ITEMS.SET is the number of items in the 
set STORED.ITEMS.SET at a particular point in time; it corresponds to the variable I+(t) in the 
problem description. 
 
 
40   main 
41 
42 define I  as an integer variable  
43 
44 call READ.DATA 
45 
46 for I = 1  to  NUM.POLICIES 
47 do 
48  call INITIALIZE 
49  start simulation 
50 loop 
51 
52  end ‘’ main 
 

Figure 4.2. Listing for the Main Program, Inventory Model. 
 
 
The listing for the Main program is given in Figure 4.2. It is very similar to its counterpart for the 
computer model of Chapter 3. For the current problem, there will be one simulation run executed 
for each of the inventory policies under consideration. 
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53 routine READ.DATA 
54 
55 let SAVESEED1 = SEED.V(1) 
56 let SAVESEED2 = SEED.V(2) 
57 
58 read DEMAND.SIZE, MEAN.INTERDEMAND.TIME, SETUP.COST, 
59  INC.COST.PER.ITEM, H, PI, MIN.DELIVERY.LAG, 
60  MAX.DELIVERY.LAG, MIN.SHELF.LIFE, MAX.SHELF.LIFE, 
61  INITIAL.INVENTORY, NUM.POLICIES, AND NUM.MONTHS 
62 
63 print 6 lines thus 

 

INVENTORY MODEL -- INPUT PARAMETERS 

70 skip 3 lines 
71 
72 print 19 lines with NUM.MONTHS, INITIAL.INVENTORY, SETUP.COST, 
73  INC.COST.PER.ITEM, H, PI, MEAN.INTERDEMAND.TIME, 
74  MIN.DELIVERY.LAG, MAX.DELIVERY.LAG, MIN.SHELF.LIFE, and 
75  MAX.SHELF.LIFE thus 

 

LENGTH OF SIMULATION **** MONTHS 

INITIAL INVENTORY LEVEL **** ITEMS 

SETUP COST                                                       ***.** 

INCREMENTAL COST                                       ***.**    

H                                                                            ***.** 

PI                                                                           ***.** 

INTERDEMAND TIMES ARE EXPONENTIAL WITH MEAN ***.* MONTHS 

DELIVERY LAGS ARE UNIFORM ON THE INTERVAL (***.*, ***.*) MONTHS 

SHELF LIVES ARE UNIFORM ON THE INTERVAL        (***.*, ***.*) MONTHS 

95 skip 3 lines 
96 
97 print 9  lines thus   

DISTRIBUTION FUNCTION OF DEMAND SIZES:  

 

VALUE   CUMULATIVE  PROBABILITY 

      

   107       for each RANDOM.E in DEKAND.SIZE 
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108      print  3 lines  with IVALUE.A(RANDOM.E) and  PROB.A(RANDOM.E) thus 
 
 **             *.***** 
 
   112 start new page   
    113 
  114 print 6 lines thus 
 

SIMULATION RESULTS (ALL COSTS ARE IN DOLLARS) 

121 skip 3 lines 
122 
123 print 5 lines thus  

AVERAGE     AVERAGE              AVERAGE               AVERAGE 
POLICY TOTAL COST     ORDERING COST     HOLDING COST    SHORTAGE COST 

     

129 end ‘’ READ.DATA 

Figure 4.3. Listing for Routine READ.DATA, Inventory Model. 

 
Routine READ.DATA is given in Figure 4.3. In lines 55 and 56 we save the seeds for random 
number streams 1 and 2 (i.e., SEED.V(1) and SEED.V(2)) in the variables SAVESEED1 and 
SAVESEED2, respectively. We will use stream 1 to generate inter-demand times and stream 2 to 
generate demand sizes. Furthermore, by resetting these streams (in routine INITIALIZE) with 
SAVESEED1 and SAVESEED2, we guarantee that each of the inventory policies will 
experience exactly the same inter-demand times and demand sizes. It is more difficult to match 
up delivery lags and shelf lives and this has been left as an exercise for the reader (see Problem 
4.5). 
 
Note in line 58 that one of the variables being read in is the random step variable 
DEMAND.SIZE. This variable may be specified by either of the following two data sets: 
 

0.16667   1       0.33333      2        0.33333      3          0.16667          4      * 
0.0     0     0.16667 1 0.5 2 0.83333     3          1.0       4   * 
 

In the first data set, the first number in each pair is the probability corresponding to the second 
number in each-pair. (For example, 0.16667 is the probability of getting a demand size of 1.) In 
the second data set, the first number is each pair is the cumulative probability (distribution 
function) corresponding to the second number in each pair; however, the first and last 
probabilities must be 0.0 and 1.0, respectively. The character "*" is used to terminate the data in 
either case. 
 
The statements in lines 107 and 108 are used to print the distribution function of demand sizes. 
The random step variable DEMAND.SIZE is represented as a set in which system-defined 
temporary entities, called RANDOM.E, are stored. These entities have system-defined attributes 
of I.VALUE (for integer value) and PROB.A (for cumulative probability). For example, the 
second RANDOM.E entity in DEMAND.SIZE has I.VALUE equal to 2 and PROM equal to 0.5. 
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(Note that the data are stored internally in cumulative form, regardless of the choice of input 
form.) 
 
130 routine  INITIALIZE 
131 
132 let TIME.V = 0 
133 let NUM.BACKLOGGED = 0 
134 let NUM.ON.ORDER = INITIAL.INVENTORY 
135 
136 let SEED.V(1) = SAVESEED1 
137 let SEED.V(2) = SAVESEED2 
138 
139 reset  the totals of N.STORED.ITEMS.SET, NUM.BACKLOGGED, 
140  and ORDERING.COST 
141 
142 while STORED.ITEMS.SET is  not empty  
143 do 
144  remove the first  ITEM from the STORED.ITEMS.SET 
145  destroy this  ITEM 
146 loop 
147 
148 read LITTLE.S and BIG.S 
149 
150 activate an ORDER.ARRIVAL giving INITIAL.INVENTORY now 
151 activate a  DEMAND.GENERATOR now 
152 activate an INVENTORY.REVIEW now 
153 
154   end  ''INITIALIZE 

 
Figure 4.4. Listing for Routine INITIALIZE, Inventory Model. 

 
Routine INITIALIZE, which is called at the beginning of each simulation run, is given in Figure 
4.4. In line 134 the variable NUM.ON.ORDER is set to INITIAL.INVENTORY rather than 0. 
This statement and the activate statement in line 150 are used to facilitate placing the initial 
inventory in the set STORED.ITEMS.SET; see process routine ORDER.ARRIVAL in Figure 
4.5. The final result, however, is that NUM.ON.ORDER is initially 0. The statements in lines 
136 and 137 reset the seeds of random number streams 1 and 2 to their values at the beginning of 
simulation run 1. 

 
The purpose of lines 142 to 146 is to empty out the set STORED.ITEMS.SET at the beginning of 
each simulation run. If STORED.ITEMS.SET is not empty (i.e., if N.STORED.ITEMS.SET > 
0), then the first temporary entity ITEM in the set is removed and destroyed. (Destroying a 
temporary entity releases the storage that it occupied.) Furthermore, N.STORED.ITEMS.SET is 
decremented automatically by 1. If STORED.ITEMS.SET is still not empty, then another entity 
is removed and destroyed, etc. 

 
The read statement in line 148 reads the parameters s and S for the inventory policy to be 
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considered in the current simulation run. This operation is done here rather than in routine 
READ.DATA because each run will use a different policy. 

 
The activate statement in line 150 places a process notice for the ORDER.ARRIVAL process in 
the event list with an activation time of "now." The attribute OA.ORDER.SIZE of this process 
realization is set to the value of INITIAL.INVENTORY by the giving phase of the activate 
statement. The purpose of this statement is to place the initial inventory into the set 
STORED.ITEMS.SET. The activate statement for process DEMAND.GENERATOR in line 
151 is similar to statements in Chapter 2 and will not be discussed in detail. The activate 
statement in line 152 is used to schedule an evaluation of the inventory level at time 0. Although 
none of nine policies currently under consideration would order at time 0, the generality of the 
program allows other policies to be considered which might order initially. 
 
 
155 process ORDER.ARRIVAL given ORDER.SIZE 
156 
157           define I and ORDER.SIZE  as an integer variables  
158 
159 for I = 1 to ORDER.SIZE 
160 do 
161 
162  if NUM.BACKLOGGED = 0 
163 
164   create an  ITEM 
165   let IT.SPOIL.TIME(ITEM) = TIME.V + 
166    uniform.f(MIN.SHELF.LIFE,MAX.SHELF.LIFE,4) 
167   file this ITEM in the STORED.ITEMS.SET 
168 
169  else 
170 
171   subtract 1  from NUM.BACKLOGGED 
172 
173  always 
174 
175 loop 
176 
177 subtract ORDER.SIZE from NUM.ON.ORDER 
178 
179 end ''ORDER.ARRIVAL 
 

Figure 4.5. Listing for Process Routine ORDER.ARRIVAL, Inventory Model. 

 

Process routine ORDER.ARRIVAL is given in Figure 4.5. Note that it has an argument 
ORDER.SIZE, which is a local variable. (Alternatively, the phrase given ORDER.SIZE could be 
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deleted and the attribute OA.ORDER.SIZE could be used directly in this routine; however, in 
either case the attribute must be defined in the preamble.) The do loop in lines 160 to 175 is 
executed one time for each item in the arriving order. If there is no backlog when the order 
arrives (i.e., if NUM.BACKLOGGED = 0), then lines 164 to 167 are executed once for each 
item in the order. The create statement in line 164 allocates storage for a particular realization of 
the generic temporary entity ITEM, which was defined in the preamble. Next the attribute 
IT.SPOIL.TIME of this item is set to TIME.V plus a spoil time, which is uniformly distributed. 
Finally, this item is filed last in the set STORED.ITEMS.SET. 
 
If there is a backlog when an order arrives, then the items in the order are used to satisfy the 
backlog by executing line 171. After all the items in the order have been used to satisfy the 
backlog or have been added to the inventory, then the size of the order is subtracted from the 
number of items which were previously on order (line 177) and this ORDER.ARRIVAL process 
notice is destroyed (line 179). The reader should verify that the variable NUM.ON.ORDER is, in 
fact, 0 after process routine ORDER.ARRIVAL is called at time 0. 
 
180 process DEMAND.GENERATOR 
181 
182 define CURRENT.DEMAND, FOUND, and  I  as integer variables  
183 
184 while TIME.V < NUM.MONTHS 
185 do 
186  wait exponential.f(MEAN.INTERDEMAND.TIME,l) months 
187 
188  let CURRENT.DEMAND = DEMAND.SIZE 
189  for  I = 1 to CURRENT.DEMAND 
190  do 
191   let FOUND = 0 
192 
193   until (FOUND = 1)  or (STORED.ITEMS.SET is empty) 
194   do 
195    remove the first ITEM from the STORED.ITEMS.SET 
196    if IT.SPOIL.TIME(ITEM) > TIME.V 
197     let FOUND = 1 
198    always 
199    destroy this ITEM 
200   loop 
201 
202   if FOUND = 0 
203    add 1 to NUM.BACKLOGGED 
204   always 
205  loop 
206 loop 
207 
208  end  ''DEMAND.GENERATOR 
 

Figure 4.6. Listing for process routine DEMAND.GENERATOR, Inventory Model 
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The listing for process routine DEMAND.GENERATOR is given in Figure 4.6. It is called each 
time the DEMAND.GENERATOR process notice is removed from the event list. The main do 
loop, which begins at line 185 and ends at line 206, will be entered as long as the current value 
of simulated time, TIME.V, is less than the desired length of the simulation, NUM.MONTHS. 
The wait statement in line 186 places the DEMAND.GENERATOR process notice back in the 
event list for an exponential amount of time. 
 
After the inter-demand time has occurred and the process notice has again been removed from 
the event list, then the variable CURRENT.DEMAND is set equal to a random sample from the 
demand size distribution, DEMAND.SIZE. (Recall that DEMAND.SIZE was defined as a 
random step variable in the preamble.) 
 
The do loop, which begins at line 190 and ends at line 205, is executed one time for each item of 
current demand and is used to search for the availability of an unspoiled item. The variable 
FOUND is initially set to 0 in line 191, indicating that an unspoiled item has not yet been found. 
However, the actual searching is done in the do loop which begins and ends at lines 194 and 200, 
respectively. This loop will be entered until either an unspoiled item is found (indicated by 
FOUND = 1) or until the set STORED.ITEMS.SET is empty. The remove statement in line 195 
removes the first item from the inventory. If the time of spoilage of the item, IT.SPOIL.TIME, is 
greater than TIME.V (see line 196), then FOUND is set to 1 in line 197. The removed item is 
now destroyed in line 199, regardless of whether the item was good or spoiled. If no unspoiled 
item is found to satisfy the current unit of demand, then FOUND remains equal to 0 and 1 is 
added to NUM.BACKLOGGED in line 203. 
 
After each unit of demand has either been satisfied or backlogged, then control is returned to the 
wait statement and the process notice is again placed in the event list, etc. 
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209    process INVENTORY.REVIEW 
210 
211 define INVENTORY.LEVEL and ORDER.SIZE as integer variables  
212 
213 while TIME.V < NUM.MONTHS 
214 do 
215  let INVENTORY.LEVEL = N.STORED.ITEMS.SET - NUM.BACKLOGGED + 
216   NUM.ON.ORDER 
217 
218  if INVENTORY.LEVEL < LITTLE.S 
219 
220   let ORDER.SIZE = BIG.S - INVENTORY.LEVEL 
221   add ORDER.SIZE  to NUM.ON.ORDER 
222   let ORDERING.COST = SETUP.COST + 
223    (INC.COST.PER.ITEM * ORDER.SIZE) 
224   activate an  ORDER.ARRIVAL giving ORDER.SIZE in 
225                     uniform.f (MIN.DELIVERY.LAG, MAX.DELIVERY.LAG,3) months   
226 
227 else 
228 
229 let ORDERING.COST  = 0 
230 
231  always 
232 
233  wait 1 months 
234 loop 
235 
236 call REPORT 
237 
238    end ''INVENTORY.REVIEW 
 

Figure 4.7. Listing for Process Routine INVENTORY.REVIEW, Inventory Model. 

 

Process routine INVENTORY.REVIEW, which is cal1ed at the beginning of each month, is 
given in Figure 4.7. The do loop in lines 214 to 234 will be executed as long as TIME.V is 
strictly less than NUM.MONTHS; it doesn't make sense to evaluate the inventory level (and 
possibly order) at the end of the simulation. 
 
The variable INVENTORY.LEVEL in line 215 corresponds to the total inventory level T 
defined in the problem description. Note that only one of N.STORED.ITEMS.SET and 
NUM.BACKLOGGED can be positive at the same time. If INVENTORY.LEVEL is less than 
LITTLE.S in line 218, then an order for additional items is placed in lines 220 to 225. The 
activate statement in lines 224 and 225 places an ORDER.ARRIVAL process notice in the event 
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list with an activation time of TIME.V plus a delivery lag, the latter quantity being uniformly 
distributed. If no order is placed, then ORDERING.COST is set to 0 in line 229; this statement is 
necessary in order to obtain the average ordering cost over all months. 
 
After the ordering decision has been completed, the wait statement in line 233 places the 
INVENTORY.REVIEW process notice back into the event list with an activation time of 
TIME.V plus 1. This, of course, corresponds to successive inventory reviews being separated by 
a time period of 1 month. Finally, when the INVENTORY.REVIEW process notice is removed 
from the event list at TIME.V equal to NUM.MONTHS, control will pass through the do loop to 
line 236, where routine REPORT is called. 
 

 
 
239      routine REPORT 
240 
241         define AVG.HOLDING.COST, AVG.SHORTAGE.COST and AVG.TOTAL.COST 
242               as  real variables 
243 
244         let AVG.HOLDING.COST = H * AVG.NUMBER.IN.STORAGE 
245         let AVG.SHORTAGE.COST = PI * AVG.NUMBER.IN.BACKLOG 
246         let AVG.TOTAL.COST = MEAN.ORDERING.COST + AVG.HOLDING.COST + 
247    AVG.SHORTAGE.COST 
248 
249         print 3 lines with LITTLE.S, BIG.S, AVG.TOTAL.COST, 
250    MEAN.ORDERING.COST, AVG.HOLDING.COST and AVG.SHORTAGE.COST    

thus 
 

 
 
254  end ''REPORT 
 

Figure 4.8. Listing for routine REPORT, Inventory Model. 
 
                                                                                   
Routine REPORT is given in Figure 4.8. It is called at end of each of the NUM.POLICIES 
simulation runs. Observe in line 244 that the average holding cost is computed as h times the 
time-average number of items in inventory, the latter quantity being automatically computed by 
SIMSCRIPT II.5 (after specification in the preamble). 
 
After routine REPORT has been executed, the simulation is allowed to continue running until the 
event list becomes empty. At that point in time control is passed to line 50 of the Main program 
and the simulation of the next inventory policy is then begun. 
 
 
4.3 Simulation Output and Discussion 

The input parameters and simulation results are given in Figures 4.9 and 4.10, respectively. 
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Based on the criterion of average total cost per month, it would appear that the (40, 80) and (60, 
80) policies are preferable. However, in the present context where the length of the simulation is 
fixed (the company wants a planning horizon of 10 years), what we really want to estimate for 
each policy is the expected average total cost per month for the first 120 months. The numbers in 
Figure 4.10 are estimates of these expected values, each estimate based on a sample of size one 
(simulation run or replication). Since the random variables corresponding to these estimates may 
have large variances, the ordering of these estimates may differ considerably from the ordering 
of the expected values, which is the desired information. In fact, if we rerun the nine simulations 
using different random numbers, the estimates obtained may differ greatly from those in Figure 
4.10. Furthermore, the ordering of the new estimates may also be different. We shall have more 
to say about the analysis of simulation output data in Chapter 6. 
 
INVENTORY MODEL -- INPUT PARAMETERS 
 
 
LENGTH OF SIMULATION 120 MONTHS 
INITIAL INVENTORY LEVEL 60 ITEMS 
SETUP COST 32. 
INCREMENTAL COST 3. 
H 2. 
PI 5. 
 
INTERDEMAND TIMES ARE EXPONENTIAL WITH MEAN .1 MONTHS 
 
DELIVERY LAGS ARE UNIFORM ON THE INTERVAL          (1, 3) MONTHS 
 
SHELF LIVES ARE UNIFORM ON THE INTERVAL                 (1.5, 2.5) MONTHS 
 
DISTRIBUTION FUNCTION OF DEMAND SIZES: 

 
  
 
VALUE CUMULATIVE PROBABILITY 
 
 1 .16667 
 2 .50000 
 3 .83333 
          4                                                            1. 
 
 

Figure 4.9. Input Parameters for the Inventory Model.
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SIMULATION RESULTS (ALL COSTS ARE IN DOLLARS) 
 

 
AVERAGE AVERAGE     AVERAGE           AVERAGE 

POLICY TOTAL COST    ORDERING COST  HOLDING COST       SHORTAGE COST  
 

(20, 40) 222.65 97.40 2.33 122.92 
(20, 60) 189.28 89.63 9.12 90.53 
(20, 80) 183.75 86.07 14.32 83.37 
(20,100) 188.63 89.93 31.75 66.96 
(40, 60) 174.47 98.34 9.54 66.59 
(40, 80) 156.81 92.02 24.00 40.79 
(40,100) 169.26 92.13 35.19 41.94 
(60, 80) 157.37 102.16 31.31 23.90 
(60,100) 163.04 97.24 43.93 21.87 

 
Figure 4.10. Simulation Output for the Inventory Model. 
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PROBLEMS 
 
4.1. Suppose that the company's supplier has introduced an "express" delivery option. Originally, 
if Z items were ordered, the ordering cost was 32 + 3Z dollars and the delivery lag was uniform 
on the interval 1 to 3 months. With express delivery, the supplier will make delivery in half the 
time, i.e., the delivery lag is uniform on the interval 0.5 to 1.5 months, but will charge 48 + 4Z 
dollars instead. The company decides to use the express delivery service only when the inventory 
level at the beginning of a month is less than 0; it will use the normal delivery option at other 
times. Rerun the nine simulations using the proposed ordering strategy. 
 
4.2. In the inventory model of Section 4.1, the excess of demand over supply was backlogged. 
That was probably not very realistic, because it assumes that customers are "infinitely" patient. 
As a first alternative, suppose that twenty-five percent of all customers will take their business 
elsewhere if their entire request for the product cannot be met immediately. These customers 
will, however, buy whatever items are available. For example, if a customer wants to buy four 
items and only three are available, then the customer will purchase the three items and go to 
another company for the remaining item. The fourth item is a lost sale to our company of 
interest. The remaining seventy-five percent of all customers will behave as in the original 
problem formulation. 
 
Assume that the company sells the items in its inventory for $10 a piece. Run the simulation and 
observe, for each policy, the average profit per month, which is equal to the average revenue per 
month minus the average total cost per month. Also observe the average number of items lost 
(not sold) per month due to inventory unavailability. 
 
4.3. For the inventory model of Problem 4.2, suppose now that seventy-five percent of all 
customers will no longer wait an infinite amount of time; instead, these customers will wait an 
exponential amount of time with a mean of 2 months. If w is the waiting time of a particular 
customer, then this customer will purchase any desired items, which arrive within w months of 
when requested. The customer will not buy any items, which arrive more than w months after 
they are requested. The company does not know a waiting customer's disposition until they are 
phoned at the time an order arrives. Run the simulation for each of the nine policies and gather 
statistics on the same quantities as in Problem 4.2. 
 
4.4. For the inventory model of Section 4.1, suppose that the inventory must be kept in a 
refrigerated warehouse since it is perishable. Suppose further that the cooling unit for the 
warehouse works an amount of time, which has a gamma distribution with a mean of 12 months 
and a shape parameter of 2 (see Chapter 1), and then fails. The amount of time required to call a 
repairman and have him repair the cooling unit is uniformly distributed on the interval 1/60 to 
3/80 month. If the actual repair time is greater than 1/30 month (approximately 1 day), then all 
items in the inventory spoil and are of no value to the company; the company removes the 
spoiled items from the inventory when the repair time reaches 1/30 month. If the repair time is 
less than 1/30 month, then the remaining time to spoilage of each item in the inventory is 
reduced by a factor of two at the time that the repair ends. Run the simulation for each of the 
nine policies and gather statistics on the same quantities as before. 
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4.5. For the inventory model of Section 4.1, we synchronized the interdemand times and demand 
sizes across the nine inventory policies. Discuss what might be done to also "partially 
synchronize" delivery lags and shelf lives across policies. 
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Chapter 5 A Model of a Flexible Manufacturing System 
 
 
During the next five to ten years, there will probably be a significant increase in the use of 
simulation to improve the efficiency of manufacturing systems. The example presented in this 
chapter is designed to illustrate some of the concepts involved in modeling such systems. 
 
5.1 Statement of the Problem 
 
A manufacturing shop consists of an input/output (or receiving/shipping) station and five 
workstations. At present work stations 1, 2, ..., 5 consist of 3, 3, 4, 4, and I identical machines, 
respectively. The distances (in feet) between the six stations are as follows (the input/output 
station is numbered 6): 
_________________________________________________________________________________________ 
Station 1 2 3 4 5 6  
_________________________________________________________________________________________ 
      1  0 90 100 180 200 270 

2 90 0 100 200 180 270 
3 100 100 0 100 100 180 
4 180 200 100 0 90 100 
5 200 180 100 90 0 100 
6 270 270 180 100 100 0 
 

 
Thus, for example, the distance between the input/output station and workstation 3 is 180 feet. 
 
Assume that jobs (or work pieces) arrive at the input/output station with inter-arrival times that 
are independent exponential random variables with a mean of 0.25 hour. There are three types of 
jobs, and jobs are of types 1, 2, and 3 with respective probabilities 0.3, 0.5, and 0.2. Job types 1, 
2, 3 require 4, 3, 5 tasks to be done, respectively, and each task must be done at a specified 
workstation and in a prescribed order. Each job begins at the input/output station, travels to the 
work stations on its routing in succession, and then leaves the system at the input/output station. 
The routings for the different job types are as follows: 
 
 
Job type Work stations in routing 
 

1 3, 1, 2, 5 
2 4, 1, 3 
3 2, 5, 1, 4, 3 

 
 
Thus, type 2 jobs enter the system at station 6 (i.e., the input/output station), then have tasks done 
at workstations 4, 1, 3, and finally leave the system at station 6. A job must be moved from one 
station to another by a transporter (e.g., an automated guided vehicle), and there is only one 
transporter in the shop. The transporter moves at a speed of 5 feet per second. Thus, 36 seconds 
are required for the transporter to move from station 6 to station 3. The transporter processes 
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requests by jobs in a FIFO manner. Furthermore, when the transporter finishes moving a job to a 
workstation, it will remain at that station if there are no pending job requests. 

 
If a job is brought to a particular workstation and all machines in that station are already busy or 
blocked (see discussion below), the job joins a single FIFO queue at that station. The time to 
perform a task at a particular machine is a 2-Erlang random variable whose mean depends on the 
job type and the workstation to which the machine belongs. (A 2-Erlang random variable with 
mean m is the sum of 2 independent exponential random variables each with mean m/2.) The 
mean service time for each job type and each task are as follows: 
 
 
 Job type                                 Mean service time for successive tasks, hours 
 
 1  0.50, 0.60, 0.85, 0.50 
 2  1.10, 0.80, 0.75 
 3  1.20, 0.25, 0.70, 0.90, 1.00 
 
Thus, a type 2 job requires a mean service time of 1.10 hours at work station 4 (the station where 
its first task will be done). When a machine finishes processing a job, the job blocks that 
machine (i.e., the machine cannot process another job) until the transporter removes the job. 
 
Assuming no loss of continuity between successive days' operations of the shop, simulate the 
facility for 365 eight-hour days (or 2920 hours) and gather statistics on the following: 
 

(a) The mean total delay in queue (exclusive of service times) and the mean total 
transporter delay, for each job type. 

 
(b) The time-average number of jobs in queue and the mean delay in queue, for each 

workstation. 
 

(c) The average proportion of time that machines are working, are blocked, and are idle, 
for each machine group. 

 
(d) The utilization of the transporter. The transporter delay of a job at a particular 

workstation is the time interval between the instant the job requests the transporter and 
the instant the transporter arrives at the station. It does not include the known time for 
the transporter to move the job to the next station. The total transporter delay of a job 
is the sum of its transporter delays at all stations. 

 
5.2 The SIMSCRIPT Program 
 
The program for the manufacturing system uses at least one of each of the major SIMSCRIPT 
building blocks. The most important process is JOB, which represents the entire experience of a 
job while in the shop. In addition, process ARRIVAL.GENERATOR introduces new jobs into 
the system and process REPORT prints the simulation results after the specified amount of 
simulated time has elapsed. 
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The resources TRANSPORTER and WORK.STATION represent the transporter and the 
workstations, respectively. The permanent entity JOB.TYPE is used to store the attributes of the 
three different job types. On the other hand, the temporary entity TASK represents one of the 
tasks that must be done for a particular job type. Furthermore, each JOB.TYPE (e.g., 
JOB.TYPE(1)) owns a set called JB.ROUTING, which contains a temporary entity TASK for 
each task in the job type's routing. Thus, for example, the set JB.ROUTING(l) contains 4 
temporary entities TASK. 
 
The model-specific variables for the manufacturing problem are given in Table 5.1. Note that 
TASK is both a temporary entity and also a local variable in process routine JOB. This will be 
discussed further in the description of process routine JOB. Also, the program presented below is 
completely general in the sense that only modifying the input parameters can change the 
configuration of the shop. 
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Table 5.1. Model-Specific Variables for the Manufacturing Problem 

 Variables    Definition 

AVG.NLJM.IN.STATION.Q Time-average number of jobs in a work station queue 

AVG.NUM.MACH.OCCUPIED Time-average number of machines occupied (i.e., 

 working or blocked) in a work station 

AVG.NUM.MACH.WORKING Time-average number of machines working in a 

 work station 

CURRENT.STATION Station at which a job's current task is being done 

DISTANCE Array containing the distances between any two stations 

IO.STATION Number of the input/output station (i.e., 6) 

JB.DELAY.IN.QUEUE Attribute of permanent entity JOB.TYPE 

 representing the total delay in queue of a job 

JB.TRANSPORTER.DELAY Attribute of permanant entity JOB.TYPE 

 representing the total delay of a job caused by 

 the transporter 

JOB.TYPE Local variable representing the job type of a 

 particular job 

MEAN.INTERARRIVAL.TIME Mean interarrival time of jobs (i.e., 0.25 hour) 

MEAN.JB.DELAY.IN.Q Mean total delay in queue of a job 

MEAN.JB.TRANSPORTER.DELAY Mean total delay of a job caused by the transporter 

MEAN.WS.DELAY.IN.Q Mean delay in queue of a job at a work station 

NEXT.STATION Station at which a job's next task will be done 

NUM.TASKS Number of tasks for a particular job type 
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Table 5.1. (Continued) 

          Variables Definition 

PROP.BLOCKED Proportion of time that machines in a particular 

 work station are blocked (i.e., occupied but not 

 working) 

PROP.IDLE Proportion of time that machines in a particular 

 work station are idle 

PROP.WORKING Proportion of time that machines in a particular 

 work station are working 

SIM.LENGTH Length of the simulation in hours (i.e., 2920 hours) 

TASK Local variable representing the current task of a job 

TIME.OF.ARRIVAL Time of arrival of a job to a particular work station 

TIME.OF.REQUEST Time that a job requests the transporter 

TK.MEAN.SERVICE.TIME Mean service time for a particular task 

TK.WORK.STATION Work station where a particular task must be done 

TP.LOCATION Number of the station where the transporter is 

 currently located 

TP.SPEED Speed of the transporter (i.e., 5 feet per second) 

TOTAL.DELAY.IN.QUEUE Total delay in queue of a particular job 

TOTAL.TRANSPORTER.DELAY Total delay of a particular job caused by the transporter 

TRAVEL.TIME Time for the transporter to travel from one 

station to another 
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Table 5.1. (Continued) 

              Variables Definition 

TYPEDISTRIBUTION Random step variable corresponding to the 

 distribution of job types 

UTIL.TRANSPORTER Utilization of the transporter 

WS.DELAY.IN.QUEUE Attribute of resource WORK.STATION representing 

 the delay of a job at that station 

WS.NUM.MACH.WORKING Number of machines working in a particular work station 

WS.NUM.MACHINES Number of machines in a particular work station 
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1 preamble 
2 
3   processes include ARRIVAL.GENERATOR, JOB, and REPORT 
4 
5  resources 

 6 
 7 every TRANSPORTER has a TP.LOCATION and a TP.SPEED 
 8 define TP.LOCATION as an integer variable 
 9 define TP.SPEED as a real variable 
10 
11 every WORK.STATION has a WS.DELAY.IN.QUEUE, a WS.NUM.MACHINES, 
12  and a WS.NUM.MACH.WORKING 
13 define WS.DELAY.IN.QUEUE as a real variable 
14 define WS.NUM.M.ACHINES and WS.NUM.MACH.WORKING as integer 
15  variables 
16 
17 permanent entities 
18 
19 every JOB.TYPE has a JB.DELAY.IN.QUEUE, a JB.TRANSPORTER.DELAY, 
20  and owns a JB.ROUTING 
21 define JB.DELAY.IN.QUEUE and JB.TRANSPORTER.DELAY as real variables 
22 define JB.ROUTING as a FIFO set 
23 
24 temporary entities 
25 
26 every TASK has a TK.MEAN.SERVICE.TIME, a TK.WORK.STATION, 
27  and belongs to a JB.ROUTING 
28 define TK.MEAN.SERVICE.TIME as a real variable 
29 define TK.WORK.STATION as an integer variable 
30 
31 define MEAN.INTERARRIVAL.TIME and SIM.LENGTH as real variables 
32 
33 define IO.STATION as an integer variable 
34 
35 define HOURS to mean UNITS 
36 
37 the system has a TYPE.DISTRIBUTION random step variable 
38 define TYPE.DISTRIBUTION as an integer, stream 9 variable 
39 
40 define DISTANCE as a real, 2-dimensional array 
41 
42 tally MEAN.JB.DELAY.IN.Q as the mean of JB.DELAY.IN.QUEUE 
43 
44 tally MEAN.JB.TRANSPORTER.DELAY as the mean of JB.TRANSPORTER.DELAY 
45 
46 tally MEAN.WS.DELAY.IN.Q as the mean of WS.DELAY.IN.QUEUE 
47 
48 accumulate AVG.NUM.IN.STATION.Q as the average of N.Q.WORK.STATION 
49 
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50 accumulate AVG.NUM.MACH.OCCUPIED as the average of N.X.WORK.STATION 
51 
52 accumulate AVG.NUM.MACH.WORKING as the average of WS.NUM.MACH.WORKING 
53 
54 accumulate UTIL.TRANSPORTER as the average of N.X.TRANSPORTER 
55 
56   end ''PREAMBLE 
 

Figure 5.1. Listing for the PREAMBLE, Manufacturing Model. 
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The preamble for the manufacturing problem is given in Figure 5.1. Note in lines 5 to 15 that we 
are using for the first time resources, which have attributes. For example, the resource transporter 
has attributes of TP.LOCATION and TP.SPEED. In lines 17 to 22 we define, also for the first 
time, a permanent entity. In particular, the permanent entity JOB.TYPE has attributes of 
JB.DELAY.IN.QUEUE and JB.TRANSPORTER.DELAY, and also owns a set JB.ROUTING. 
It can be seen in lines 26 and 27 that the temporary entities TASK are members of the set 
JB.ROUTING. 
 
In line 40 we define DISTANCE to be a real, two-dimensional array. This statement is 
declarative and does not allocate storage for the array; a reserve statement in routine 
READ.DATA will do this. 
 
The tally statement in line 42 actually specifies that a mean delay in queue is to be computed for 
each of the three types of jobs, since JB.DELAY.IN.QUEUE is an attribute of the permanent 
entity JOB.TYPE. Similar statements can be made about the tally statements in lines 44 and 46. 
 
The accumulate statement in line 48 specifies that the time-average number in queue is to be 
computed for each of the work stations, since WORK.STATION is a resource with 
N.WORK.STATION types. 
 
 
57 main 
58 
59   call READ.DATA 
60   call INITIALIZE 
61 
62   start simulation 
63 
64 end ''MAIN 
 

Figure 5.2. Listing for the MAIN Program, Manufacturing Model. 
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The Main program is given in Figure 5.2; it is very similar to its counterparts in other chapters. 
 

65  routine READ.DATA 
66 
67  define I, J, and NUM.TASKS as integer variables 
68 
69  create every TRANSPORTER(1) 
70  let U.TRANSPORTER(1) = 1 
71  read TP.SPEED(l) 
72 
73  read N.WORK.STATION 
74  create every WORK.STATION 
75  for each WORK.STATION 
76  do 
77                  read WS.NUM.MACHINES(WORK.STATION) 
78  let U.WORK.STATION(WORK.STATION) = WS.NUM.MACHINES(WORK.STATION) 
79  loop 
80  let IO.STATION = N.WORK.STATION + 1 
81 
82  read TYPE.DISTRIBUTION and N.JOB.TYPE 
83  create every JOB.TYPE 
84  for each JOB.TYPE 
as  do 
86   read NUM.TASKS 
87   for I = I to NUM.TASKS 
88   do 
89                     create a TASK 
90   read TK.MEAN.SERVICE.TIME(TASK) and TK.WORK.STATION(TASK) 
91    file this TASK in JB.ROUTING(JOB.TYPE) 
92   loop 
93  loop 
94 

 95 read MEAN.INTERARRIVAL.TIME and SIM.LENGTH 
 96 
 97 reserve DISTANCE(*,*) as IO.STATION by IO.STATION 
 98                                 read DISTANCE 
 99 
100 print 6 lines thus 

 

FLEXIBLE MANUFACTURING SYSTEM -- INPUT PARAMETERS 

----------------------------------------------------------------------------------------------- 

107  skip 3 lines 

108  



Chapter 5 A Model of a Flexible Modeling System 

108 
109  print 7 lines with SIM.LENGTH, TP.SPEED(l), and MEAN.INTERARRIVAL.TIME 
110    thus 

 

LENGTH OF SIMULATION  HOURS 

TRANSPORTER SPEED FEET PER SECOND 

JOB INTERRRIVAL TIMES ARE EXPONENTIAL WITH MEAN ***.** HOURS 

---------------------------------------------------------------------------------------------------------- 

118  skip 3 lines 
119 
120  for each JOB.TYPE 
121  do 
122   print 9 lines with JOB.TYPE  thus 

 

JOB TYPE ** ROUTING: 
---------------------------------- 

STATION MEAN SERVICE TIME (in HOURS) 
-----------------------------------------------------------------------  
 

Figure 5.3. Listing for routine READ.DATA, Manufacturing Model. 

 

The listing for routine READ.DATA is given in Figure 5.3. The statements in lines 69 to 71 
allocate storage for one type of transporter, specify that there is one unit of this type of 
transporter, and read the speed of this transporter, respectively. Note that the create statement in 
line 69 must be here rather than in routine INITIALIZE, since a resource must be created before 
its attribute values can be read and assigned. 
 
In line 73 we read the number of different types of work stations, N.WORK.STATION. (In our 
particular case, this variable has the value 5.) This eliminates the need to specify the number of 
work stations in parentheses at the end of the statement in line 74. This results in a more general 
program, since a change in the number of work stations would not require recompilation of the 
program. The for statement in line 75 is equivalent to, but more concise than, the following 
statement: 
 

for WORK.STATION = 1 to N.WORK.STATION 
 
Thus, the do loop in lines 76 to 79 will be executed one time for each work station. In particular, 
the number of machines for a particular work station is read in line 77 and the attribute 
U.WORK.STATION is set to this number in line 78. Finally, in line 80 we specify that the 
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integer-valued label corresponding to the input/output station is one larger than the number of 
work stations. 
 
In line 82 we read the data corresponding to the random step variable TYPEDISTRIBUTION as 
well as the number of job types, N.JOB.TYPE. Using this latter value, we allocate storage for the 
permanent entity JOB.TYPE in line 83. The for statement in line 84 has a similar meaning to the 
statement in line 75. In particular, the do loop in lines 85 to 93 will be executed one 
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132 for each TASK in JB.ROUTING(JOB.TYPE) 
133 print 3 lines with TK.WORK.STATION(TASK) and 
134  TK.MEAN.SERVICE.TIME(TASK) thus 

       
      **                                                            *****.** 

 
138  skip 3 lines 
139 loop 
140 
141 print 9 lines thus 

 

DISTRIBUTION FUNCTION OF JOB TYPES:  

------------------------------------------------------------- 

 

TYPE  CUMULATIVE PROBABILITY 

-----------        -------------------------------------------  

 

151 for each RANDOM.E in TYPE.DISTRIBUTION 
152       print 3 lines with ivalue.a(RANDOM.E) and prob.a(RANDOM.E) thus 

      
    **                                                      *.** 

 
156  skip 3 lines 
157 
158  print 9 lines thus 

 

MACHINE ALLOCATIONS: 

--------------------------------------------------------------------------------------------------------------------------------------- 

 

 

STATION  NUMBER OF MACHINES 

--------------       ------------------------------------- 

 

168 for each WORK.STATION 
169  print 3 lines with WORK.STATION and WS.NUM.MACHINES(WORK.STATION) 
170    thus 

             **                                                          ** 

 
174 skip 3 lines 
175 
176 print 4 lines with IO.STATION thus 

 

DISTANCE MATRIX (DISTANCES IN FEET, STATION ** IS THE 1/0 STATION): 

----------------------------------------------------------------------------------------------------------- 

181 skip 3 lines 
182 
183 write as  “ STATION     ” 
184 for I = I to IO.STATION 
185 write I as 1 6, S 4 
186 skip 2 lines 
187 for I =1 to IO.STATION 
188 do 
189  write I as S 5, 1 2, S 6 
190  for J =1 to I0.STATION 
191   write DISTANCE(I,J) as D(5,1), S 5 
192  skip 2 lines 
193 loop 
194 
195 start new page 
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196 
197 end ''READ.DATA 

 
Figure 5.3. (Continued) 

 
time for each different job type. The number of tasks corresponding to a particular job type is 
read in line 86. Then the do loop in lines 88 to 92 is executed for each of these tasks. In 
particular, the create statement in line 89 allocates storage for a realization of the temporary 
entity TASK, which was defined in the preamble. The attributes of this particular TASK are 
read in line 90, and then this TASK is filed last in the routing set corresponding to its job type in 
line 91. 
 
The reserve statement in line 97 allocates storage for the array DISTANCE, which was defined 
in the preamble. Thus, since IO.STATION is equal to 6 in our particular case, DISTANCE will 
be a 6 by 6 array. (Note that the reserve statement allows us to allocate the storage space for an 
array during the execution of the simulation.) The actual distances between the stations are read 
in line 98 in the following order: 
 

DISTANCE(l,l), ..., DISTANCE(1,6), DISTANCE (2,1), ..., DISTANCE (2,6), 
 
The for statement in line 132 specifies that the print statement in lines 133 and 134 is to be 
executed one time for each TASK in the set JOB.ROUTING(JOB.TYPE). 

 
The statements in lines 183 to 193 are used to print the array DISTANCE, along with the 
appropriate labels. The write statement is used here rather than the print statement, since the 
number of data items to be printed depends on the input parameter N.WORK.STATION. In 
particular, the write statement in line 183 prints the character string “STATION     “ in column 1 
of the current output record. The for statement in line 184 causes the WRITE statement in line 
185 to be executed for each of the cases I = 1, 2, ..., IO.STATION. For a particular value of 1, 
the integer I will be printed using a format of I 6, which means that the corresponding printed 
value will be integer valued and can take up to six decimal places. (Note that the space in the 
format I 6 is necessary.) The format S 4 in the same write statement says to skip 4 columns after 
printing the value of 1. It should be noted that a write statement always begins printing at the 
current position of the output pointer, rather than necessarily at the beginning of the next output 
record. The skip statement in line 186 moves the output pointer ahead two records, where it is 
positioned at column 1. 
 
The do loop in lines 188 to 193 will be executed for I = 1, 2, I0.STATION. For a particular value 
of I, the write statement in line 189 will print 5 spaces, the value of I using a format of 1 2, and 
finally 6 more spaces. The statements in lines 190 and 191, print, on the same line as I, the 
distance from station I to station J for J = 1, 2, …, I0.STATION. The format D(5,1) in line 191 
says that the printed value will be real valued, will use up to 5 decimal places, and 1 of these 
decimal places will be to the right of the decimal point. The reader should understand why the 
statements discussed here will produce the distance matrix in Figure 6.F. 
 
A more detailed discussion of input/output statements can be found in Russell [7, Chapter 8] and 
Kiviat, Villaneuva, and Markowitz [2]. 
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198 routine INITIALIZE 
199 
200 let TP.LOCATION(1) = IO.STATION 
201 
202 activate an ARRIVAL.GENERATOR now 
203 activate a REPORT in SIM.LENGTH hours 
204 
205 end ''INITIALIZE 
 

Figure 5.4. Listing for Routine INITIALIZE, Manufacturing Model. 
 
 
Routine INITIALIZE is given in Figure 5.4. The initial location of the transporter is specified to 
be the input/output station in line 200. In line 203, a REPORT process notice is placed in the 
event list in order to print the simulation results after SIM.LENGTH hours have elapsed. 
 
 
206 process ARRIVAL.GENERATOR 
207 
208 while TIME.V < SIM.LENGTH 
209 do 
210  wait exponential.f(MEAN.INTERARRIVAL.TIME,8) hours 
211  activate a JOB now 
212 loop 
213 
214 end ''ARRIVAL.GENERATOR 
 

Figure 5.5. Listing for Process Routine ARRIVAL.GENERATOR, Manufacturing Model. 

 
The listing for process routine ARRIVAL.GENERATOR is given in Figure 5.5. It is almost 
identical to the comparable routine in Chapter 2.
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215 process JOB 
216 
217 define TIME.OF.ARRIVAL, TIME.OF.REQUEST, TOTAL.DELAY.IN.QUEUE, 
218  TOTAL.TRANSPORTER.DELAY, and TRAVEL.TIME AS REAL VARIABLES 
219 define CURRENT.STATION, JOB.TYPE, NEXT.STATION, and TASK as 
220  integer variables 
221 
222 let JOB.TYPE = TYPE.DISTRIBUTION 
223 let TOTAL.DELAY.IN.QUEUE = 0 
224 let TIME.OF.REQUEST = TIME.V 
225 
226 request 1 TRANSPORTER(1) 
227 let TRAVEL.TIME = DISTANCE(TP.LOCATION(l),IO.STATION)/ 
228  (TP.SPEED(l) *3600.0) 
229 wait TRAVEL.TIME = hours 
230 add (TIME.V - TIME.OF.REQUEST) to TOTAL.TRANSPORTER.DELAY 
231 
232 let NEXT.STATION = TK.WORK.STATION(F.JB.ROUTING(JOB.TYPE)) 
233 let TRAVEL.TIME = DISTANCE(IO.STATION,NEXT.STATION)/ 
234  (TP.SPEED(1) * 3600.0) 
235 wait TRAVEL.TIME hours 
236 let TP.LOCATION(1) = NEXT.STATION 
237 relinquish 1 TRANSPORTER(1) 
238 
239 for each TASK in JB.ROUTING(JOB.TYPE) 
240 do 
241  let CURRENT.STATION = TK.WORK.STATION(TASK) 
242  let TIME.OF.ARRIVAL = TIME.V 
243 
244  request 1 unit of WORK.STATION(CURRENT.STATION) 
245  let WS.DELAY.IN.QUEUE(CURRENT.STATION) = TIME.V - TIME.OF.ARRIVAL 
246  add (TIME.V - TIME.OF.ARRIVAL) to TOTAL.DELAY.IN.QUEUE 
247  add 1 to WS.NUM.MACH.WORKING(CURRENT.STATION) 
248  work erlang.f(TK.MEAN.SERVICE.TIME(TASK),2,CURRENT.STATION) hours 
249  subtract 1 from WS.NUM.MACH.WORKING(CURRENT.STATION) 
250  let TIME.OF.REQUEST = TIME.V 
251 
252  request 1 TRANSPORTER(1) 
253  let TRAVEL.TIME = DISTANCE(TP.LOCATION(l),CURRENT.STATION)/ 
254   (TP.SPEED(l)*3600.0) 
255  wait TRAVEL.TIME= hours 
256  add (TIME.V - TIME.OF.REQUEST) to TOTAL.TRANSPORTER.DELAY 
257  relinquish 1 unit of WORK.STATION(CURRENT.STATION) 
258 
259  if TASK = L.JB.ROUTING(JOB.TYPE) 
260   let NEXT.STATION = IO.STATION 
261  else 
262   let NEXT.STATION = TK.WORK.STATION(S.JB.ROUTING(TASK)) 
263  always 
264  let TRAVEL.TIME =DISTANCE(CURRENT.STATION,NEXT.STATION)/ 
265   (TP.SPEED(l)* 3600.0) 
266  wait TRAVEL.TIME hours 
267  let TP.LOCATION(l) = NEXT.STATION 
268  relinquish 1 TRANSPORTER(1) 
269 loop 
270 
271 let JB.DELAY.IN.QUEUE(JOB.TYPE) = TOTAL.DELAY.IN.QUEUE 
272 let JB.TRANSPORTER.DELAY(JOB.TYPE) = TOTAL.TRANSPORTER.DELAY 
273 
274 end ''JOB 

Figure 5.6. Listing for Process Routine JOB, Manufacturing Model. 
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Process routine JOB, which describes the entire experience of a job as it moves through the 
manufacturing facility, is given in Figure 5.6. The define statements in lines 217 to 220 associate 
a number of local variables with each realization of process JOB. Two of these variables, 
JOB.TYPE and TASK, are particularly noteworthy, since they are also global variables. (Recall 
that JOB.TYPE and TASK are permanent and temporary entities, respectively.) By defining 
these variables to be local, each job can "remember" its job type and task even though it enters 
process routine JOB numerous times. (If these variables were global, then their values might 
change between successive entries of a job into process routine JOB.) 
 
The statements in lines 222 to 224 correspond to generating the job type of the arriving 
customer, to setting its total delay to 0, and to specifying the time of its first transporter request 
to be the current value of the simulation clock, respectively. 
 
The statements in lines 226 to 237 are used to move the arriving job from the input/output station 
to the first work station on its routing. The job requests one unit of the resource 
TRANSPORTER(l) in line 226. If this resource is available, then the job immediately proceeds 
to line 227. Otherwise, the job must wait for the transporter in the queue Q.TRANSPORTER(1) 
before moving to line 227. In either case, the let statement at that line computes the time required 
for the (available) transporter to travel from its current location (i.e., TP.LOCATION(l)) to the 
input/output station. The factor 3600.0 is used to convert seconds to hours. The wait statement in 
line 229 places the process notice for this job back into the event list with an activation time of 
TIME.V plus TRAVEL.TIME; it corresponds to the passage of time while the transporter is 
moving to the input/output station. When the transporter arrives at the input/output station, 
process routine JOB is reentered at line 230 where the current transporter delay, TIME.V 
-TIME.OF.REQUEST, is added to the previous total transporter delay. 
 
The let statement in line 232 computes the first work station on the above job's routing. In 
particular, JB.ROUTING(JOB.TYPE) is the routing set for this type of job and 
F.JB.ROUTING(JOB.TYPE) is a pointer to the first temporary entity TASK in this set. Suppose 
that LOCATION is the computer location of this TASK. Then 
TK.WORK.STATION(LOCATION) is the first work station (a number between 1 and 
N.WORK.STATION) on the job's routing, as desired. The time required to travel from the 
input/output station to this work station is computed in lines 233 and 234. The wait statement in 
line 235 places the process notice for the job back into the event list and corresponds to the job 
(and transporter) traveling to the work station. The new location of the transporter is specified in 
line 236 and the job relinquishes one unit of the resource TRANSPORTER(l) in line 237. 
 
This same job next proceeds to line 239 of process routine JOB. The do loop in lines 240 to 269 
will be executed for each TASK in the job's routing set (see line 239). For a particular TASK in 
this routing, TK.WORK.STATION(TASK) in line 241 is the current work station on the job's 
routing. The time of arrival of the job to this station is set in line 242. 
 
The job then requests one unit of the resource corresponding to the current work station in line 
244. (Note that the phrase "unit of" is not required in that line.) If a machine is available in that 
station, then the machine is made busy (i.e., U.WORK.STATION(CURRENT.STATION) is 
decremented by 1) and the job experiences a delay in queue of 0 at that station in line 245. (If all 
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machines in the station are busy, then the job is placed last in the queue corresponding to that 
station. The job remains there until it is first in the queue and then a machine in the station 
becomes idle. At that point it executes line 245 where it has a positive delay in queue.) The delay 
in queue of the job is added to its total delay in line 246. (Recall that we are interested in both the 
average total delay in queue for each type of job (line 246) and the average delay in queue for 
each work station (line 245).) In line 247 we add 1 to the number of machines working in the 
station; this quantity is used to compute the proportion of time that machines are working (rather 
than occupied) in the station. The work statement in line 248 places the process notice for the 
job back into the event list with an activation time of TIME.V plus a service time. The service 
time is generated from a 2-Erlang distribution with a mean of 
TK.MEAN.SERVICE.TIME(TASK), using random number stream CURRENT.STATION. 
 
When the job's service time has been completed, process routine JOB is reentered at line 249 
where 1 is subtracted from the number of working machines. The statements in lines 250 to 256 
correspond to the job requesting the transporter (after the job's service time is completed) and, 
eventually, the transporter coming to the job's work station. These statements are almost identical 
to the ones in lines 224 to 230. 
 
When the transporter arrives at the work station, the job relinquishes one unit of the resource 
corresponding to that station in line 257. It is now necessary to determine what station the job 
will move to next. If the current task, TASK, is equal to the last task on the job's routing, 
L.JB.ROUTING(JOB.TYPE), then the next station for the job is the input/output station (see line 
260). Otherwise, the next station for the job is the station next to the job's routing (see line 262). 
In particular, S.JB.ROUTING (TASK) is the task which succeeds the current task, TASK, on the 
job's routing. Thus, the attribute TK.WORK.STATION evaluated at this successor task gives the 
next station on the job's routing. 
 
In either case, the job next arrives at line 264. The statements in lines 264 to 268 are used to 
move the job from its current station to its next station (as determined above), and are very 
similar to the statements in lines 233 to 237. 
 
After the do loop in lines 240 to 269 has been executed for each task on the job's routing, control 
is passed to line 271 where the total delay in queue for the job is "recorded" for the 
corresponding job type. The total delay for the transporter is similarly recorded in line 272. 
Finally, the process notice for this job is destroyed in line 274 and control is returned to the 
timing routine. 
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275 process REPORT 
276 
277  define PROP.BLOCKED, PROP.IDLE, and PROP.WORKING as real variables 
278 
279  print 6 lines thus 

 

SIMULATION RESULTS (ALL TIMES ARE IN HOURS) 
---------------------------------------------------------------------------- 
 

 
286  skip 3 lines 
287 
288  print 10 lines thus 

 

JOB REPORT: 
---------------------- 
  

                    AVERAGE TOTAL AVERAGE TOTAL 
TYPE DELAY IN QUEUE TRANSPORTER DELAY 
--------- ---------------------------- ----------------------------------- 
 

299  for each JOB.TYPE 
300   print 3 lines with JOB.TYPE, MEAN.JB.DELAY.IN.Q(JOB.TYPE), and 
301    MEAN.JB.TRANSPORTER.DELAY(JOB.TYPE) thus 

 
30S  skip 3 lines 
306 
307  print 10 lines thus 

 

STATION REPORT: 
-------------------------- 

 

 
   AVG NUN        AVG DELAY          PROP TIME           PROP TIME          PROP TIME 

STATION      IN QUEUE   IN QUEUE      WORKING             BLOCKED                 IDLE 
--------------  ----------------         --------------------      --------------------       -----------------         ------------------ 

318  for each WORK.STATION 
319  do 
320   let PROP.WORKING = AVG.NUM.MACH.WORKING(WORK.STATION)/ 
321    WS.NUM.MACHINES(WORK.STATION) 
322   LET PROP.IDLE = 1.0 - (AVG.NUM.MACH.OCCUPIED(WORK.STATION)/ 
323    WS.NUM.MACHINES(WORK.STATION)) 
324   LET PROP.BLOCKED = 1.0 - PROP.WORKING - PROP.IDLE 
325 
326   print 3 lines with WORK.STATION, AVG.NUM.IN.STATION.Q(WORK.STATION), 
327    MEAN.WS.DELAY.IN.O(WORK.STATION), PROP.WORKING, PROP.BLOCKED, and 
328    PROP.IDLE thus 

 

     **                    ***.**                 ***.**                *.***                       *.***                  *.*** 

332  loop 
333 
334  skip 3 lines 
33S 
336  print 8 lines with UTIL.TRANSPORTER(1) thus 

 
TRANSPORTER REPORT: 
----------------------------------- 
 

UTILIZATION          *.*** 

 
345 stop 
346 
347 end "REPORT 

Figure 5.7. Listing for Routine REPORT, Manufacturing Model. 
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Process routine REPORT is given in Figure 5.7; most of its statements are similar to ones used 
before. The do loop in lines 319 to 332 is executed one time for each work station. In lines 320 
and 321, the proportion of time that machines are working (in a particular work station) is 
computed by dividing the time-average number of working machines by the number of machines 
in that work station, resulting in a number between 0 and 1. It can easily be shown that this 
number is equal to the average of the individual proportions of time that a machine is working. 
The proportion of time that machines are idle is computed in lines 322 and 323 by subtracting 
the proportion of time that machines are occupied from 1; the proportion of time that machines 
are occupied is calculated by dividing the time-average number of occupied machines by the 
number of machines in the work station. The proportion of time that machines are blocked is 
then computed in line 324 by subtracting the proportion of time that machines are working and 
the proportion of time that machines are idle from 1. 
 
The stop statement in line 345 ends the simulation. If this statement was deleted, then the 
simulation would run until the event list became empty. Control would then be passed to line 64 
of the Main program and the simulation would end. Note that the stop statement was not used in 
Chapters 3 and 4 because it was desired to run the simulation until the event list became empty. 
 
5.3 Simulation Output and Discussion 
 
The input parameters and simulation results for the manufacturing problem are given in Figures 
5.8 and 5.9, respectively. Note in the latter figure that work station 1 appears to be the biggest 
bottleneck for the shop since jobs wait in that station's queue for an average of almost 6 hours. 
Also, the machines in this station are working more than 96 percent of the time. It would seem 
that the facility might benefit from the addition of a machine to work station 1. 
 
Observe also from that output report that the transporter is only busy 28.7 percent of the time. 
Thus, the addition of a second transporter would not appear to be cost effective. 
 
Finally, it might be mentioned that an estimate of the mean total time in system for a particular 
job type can easily be obtained from the results in Figure 5.9. Such an estimate is obtained by 
adding the following quantities: 
 

(a) The observed average total delay in queue for that job type. 
 

(b) The observed average total transporter delay for that job type. 
 
(c) The known mean service time for work station on the job type's routing. 
 
(d) The known transporter travel times along the job type's routing This estimate should 

be better (less variable) than the direct estimate since it uses the true mean service 
times rather than estimates of them. 
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FLEXIBLE MANUFACTURING SYSTEM -- INPUT PARAMETERS 

-------------------------------------------------------------------------------------------- 

 

LENGTH OF SIMULATION 2920.  HOURS 

 

TRANSPORTER SPEED 5. FEET PER SECOND 

 

JOB INTERARRIVAL TIMES ARE EXPONENTIAL WITH MEAN .25 HOURS 

 

JOB TYPE 1 ROUTING: 
----------------------------------------------------------------------------------------------------------------- 

 

  

STATION MEAN SERVICE TIME (IN HOURS) 

                                                                        

-------------------------------------------------                                                              --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

 

 

 

 

 3 .50 

 1 .60 

 2 .85 

 5 .50 

 

 

JOB TYPE 2 ROUTING: 

----------------------------------------------------------------------------------------------------------------- 

 

 

 

STATION MEAN SERVICE TIME (IN HOURS) 

--------------           ---------------------------------------------- 

4                                                                 1.10 

 

1                                                                  .80 

 

3                                                                  .75 

 

Figure 5.8. Input Parameters for the Manufacturing Model. 
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JOB TYPE 3 routing: 

 

------------------------------------------------------------------------------------------------------------------- 

 

 

STATION  MEAN SERVICE TIME (IN HOURS) 

--------------              -------------------------------------------------- 

        

       2                                                                                1.20 

       5                                                                                  .25 

1                                                                            .70 

       4                                                                                 .90  

       3                                                                                1. 

 

DISTRIBUTION FUNCTION OF JOB TYPES: 

---------------------------------------------------------------- 

 

TYPE CUMULATIVE PROBABILITY 

--------           ------------------------------------------- 

 1 .30 

 2 .80 

 3 1. 

 

Figure 5.8. (Continued) 
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MACHINE ALLOCATIONS: 

 

------------------------------------------------------------------------------------------------------------------------------- 

 

 

 STATION NUMBER OF MACHINES 

-----------------           ----------------------------------- 

 1 3 

 2 3 

 3 4 

 4 4 

 5 1 

 

DISTANCE MATRIX (DISTANCES IN FEET, STATION 6 IS THE 1/0 STATION): 

------------------------------------------------------------------------------------------------------------ 

 

STATION 1 2 3 4 5 6 

 1 0. 90. 100. 180. 200. 270. 

 2 90. 0. 100. 200. 180. 270. 

 3 100. 100. 0. 100. 100. 180. 

 4 180. 200. 100. 0. 90. 100. 

 5 200. 180. 100. 90. 0. 100. 

 6 270. 270. 180. 100. 100.  0. 

 

Figure 5.8. (Continued) 
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SIMULATION RESULTS (ALL TIMES ARE IN HOURS) 

----------------------------------------------------------------------- 

 

JOB REPORT: 

------------------------- 

      AVERAGE TOTAL               AVERAGE TOTAL 

TYPE                DELAY IN OUEUE                   TRANSPORTER DELAY 

--------            -----------------------------          ---------------------------------- 

 1 8.12 .05 

 2 6.41 .04 

 3 8.18 .06 

 

STATION REPORT: 

 

----------------------------------------------------------------------------------------- 

 

 

AVG NUN      AVG DELAY         PROP TIME         PROP TIME           PROP TIME 

STATION IN OUEUE        IN OPEUE         WORKING         BLOCKED                 IDLE 

---------------       -----------------          ----------------          ----------------          ----------------            -------------------   

 1 23.56   5.86 .964 .014 .022 

 2 .74   .37 .669 .008 .323 

 3 .83   .21 .728 .008 .263 

 4 1.05   .38 .731 .007 .262 

 5 3.10   1.53 .812 .019 .169 

 

TRANSPORTER REPORT:  

----------------------------------- 

 

 

UTILIZATION   .287 

 

Figure 5.9. Simulation Output for the Manufacturing Model. 

 

122  



Chapter 5 A Model of a Flexible Modeling System 

PROBLEMS 

5.1. For the manufacturing system of Section 5.1, suppose that the transporter is subject to 
randomly occurring failures. In particular, the amount of time that the transporter operates before 
breaking down is uniformly distributed on the interval (480, 960) hours. The amount of time 
required to repair the transporter has a 2-Erlang distribution with a mean of 4 hours. Redefine the 
transporter delay of a job at a particular station to include the time required to move the job to 
the next station, since this travel time is now of random duration. Run the simulation and gather 
statistics on the same quantities as before. Note that the transporter is not busy (utilized) when it 
is broken or idle. 
 
5.2. For the original manufacturing system, suppose that the in-process inventory storage area 
(i.e., the queue) in front of each work station has a capacity of 10 jobs. When the transporter 
finishes with a particular job, it will choose the first job in its queue for which the next work 
station on its routing has an in-process inventory of less than 10 jobs. (Note that a job can always 
be moved to the input/output station.) If there are no suitable jobs in the transporter queue, then 
the transporter remains idle (temporarily) at its current location. Run the simulation and gather 
the same statistics as before. 
 
5.3. For the original manufacturing system, the transporter processed requests by jobs in a FIFO 
manner. Suppose now that when the transporter finishes moving a job, it will choose the job in 
its queue whose location is the least distance from the current location of the transporter. In case 
of ties, the job with the smallest time of transporter request will be chosen first. Run the 
simulation and gather the same statistics as before. 
 
5.4. For the original manufacturing system, the time required to load and unload jobs was not 
explicitly modeled. Suppose now that each work station and also the input/output station has a 
robot which is used for loading and unloading. In particular, a robot performs the following 
functions: 
 

(a) Loads a job from the input/output station onto the transporter, or unloads a job from 
the transporter at the input/output station. 

 
(b) Removes a job from the transporter and loads it onto an idle machine at a work 

station, or alternatively removes a job from the transporter and places it into the 
in-process inventory storage area in front of the work station (when all machines are 
busy). 

 
(c) Removes a job from the in-process inventory storage area in front of a work station 

and loads it onto an idle machine at that station. 
 
 (d) Unloads a job from a machine and places it onto the transporter when 
  the job completes service at that machine. 
 
The time required by a robot to perform each function is uniformly distributed on the interval 
(0.1, 0.2) hours. Run the simulation and gather statistics on the utilization of each robot and on 
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the mean total time each type of job is delayed by a robot (exclusive of robot service times). Also 
gather statistics on the same quantities as before. 
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Chapter 6 A Model of Port Operations 
 
 
We now consider a model of the operations of an oil tanker port. This example has appeared in 
many simulation textbooks during the past ten years; see, for example, Law and Kelton E5, pp. 
112-1131. We also briefly discuss how one can do a statistical analysis of the output data from a 
simulation. 
 
6.1 Statement of the Problem 
 
A port in Africa is used to load tankers with crude oil for over-water shipment, and the port has 
facilities for loading as many as three tankers simultaneously. The tankers, which arrive at the 
port every 11 ± 7 hours, are of three different types. (All times specified as a range in this 
problem are uniformly distributed over the range.) The probability of occurrence of the three 
types and their loading-time requirements are as follows: 
 
Type Probability Loading time (hours) 
 

1 0.25 18 2 
2 0.25 24 3 
3 0.50 36  4 

 
There is one tug at the port. Tankers of all types require the services of the tug to move from the 
harbor into a berth and later to move out of a berth into the harbor. When the tug is available, any 
berthing or deberthing activity takes approximately 1 hour. It takes the tug 0.25 hour to travel 
from the harbor to the berths, or vice versa, when it is not towing a tanker. When a tug finishes a 
berthing activity, it will deberth the first tanker in the deberthing queue if this queue is not 
empty. If the deberthing queue is empty but the harbor queue is not and a berth is available, then 
the tug will travel to the harbor and begin berthing the first tanker in the harbor queue. 
Otherwise, the tug will remain idle at the berths. 
 
When the tug finishes a deberthing activity, it will berth the first tanker in the harbor queue if 
this queue is not empty and a berth is available. Otherwise, the tug will travel to the berths, and if 
the deberthing queue is not empty, will begin deberthing the first tanker in the queue. If the 
deberthing queue is empty, the tug will remain idle at the berths. 
 
The port also experiences frequent storms, which last 4 ± 2 hours. The time between the end of 
one storm and the onset of the next is an exponential random variable with mean 48 hours. The 
tug will not start a new activity when a storm is in progress but will always finish an existing 
activity. If the tug is towing a tanker to the harbor when a storm begins, then the tug completes 
this activity and immediately returns to the berths. If the tug is traveling from the berths to the 
harbor without a tanker when a storm begins, it will turn around and head for the berths. 
However, the loading of a tanker may continue during a storm. 
 
Make 10 independent simulation runs (i.e., different random numbers are used for each run) of 
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length 9480 hours and gather statistics on the following: 
 

(a) The proportion of time the tug is idle, is traveling without a tanker, and is engaged in 
either a berthing or deberthing activity (i.e.. is towing a tanker). 

 
(b) The average proportion of time that the berths are unoccupied, are occupied but not 

loading, and are loading. 
 

 
(c) The time-average number of tankers in the deberthing queue and in the harbor queue. 
 
(d) The mean time in port for each type of tanker The first 720 hours (approximately 1 

month) of each run will not be used for gathering statistics and is considered a 
"warm-up period." A warm-up period is necessary because starting the simulation 
with no tankers present is not representative of the "normal operation" of the port. 
Thus, only data accumulated during the final 8760 hours (1 year) will actually be used 
for computing statistics. 

 
 
6.2 The SIMSCRIPT Program 
 
The program for the port problem is the most complicated one that we have considered; it uses 
seven different processes, two different resources, a permanent entity, and two user-defined sets. 
The names and purposes of the processes are given in Table 6.1. The most important of these 
processes are TANKER and HARBOR.MASTER, with the former being used to describe the 
entire experience of a tanker while in the port and the latter being used to direct the tug at the end 
of each activity (e.g., arrival at the harbor with a tanker). 
 
We use resources called BERTH and TUG to represent the three berths and the tug, respectively. 
The permanent entity TANKER.TYPE is used to store the attributes of the three tanker types, 
which are minimum and maximum loading time and time in port. The set 
DEBERTHING.QUEUE contains those tankers which have completed loading but have not yet 
been deberthed by the tug. On the other hand, the set HARBOR.QUEUE contains those tankers 
waiting at the harbor for the tug which have already been allocated an empty berth. Note that 
when a tanker arrives at the harbor, it waits in the system-defined set Q.BERTH(l) until allocated 
an empty berth; see the discussion of process routine TANKER. The model-specific variables for 
the port problem are given in Table 6.2. 
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Table 6.1. Processes for the Port Problem 

 
Process Purpose 

 
ARRIVAL.GENERATOR Causes tankers to arrive at the appropriate points in time 
END.WARMUP Resets the statistical counters at the end of the warm-up 
period 
HARBOR.MASTER Tells the tug what it should do whenever the state of the system changes 
REPORT Prints out the simulation results at the end of  
 the desired amount of simulated time 
STORM Causes storms to begin and end at the appropriate 
 points in time and describes their effect on the port 
TANKER Describes the entire experience of a tanker while in the port 
TUG.TRANSIT Describes the tug traveling from the berths to 
 the harbor, or vice versa, without a tanker 
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Table 6.2. Model-Specific Variables for the Port Problem 

 
Variables Definition 

 
BUSY                                                                                Indicates that the tug is busy 

IDLE                                                                                  Indicates that the tug is idle 

IN.TRANSIT                                                                     Indicates that the tug is in transit without a tanker                                    

NOT.IN.TRANSIT                                                             Indicates that the tug is not in transit without a  

                                                                                            tanker 

IN.ARRIVAL.Q                                                                Time-average number of tankers waiting at the harbor 

AVG. NUM I N.BERTH.Q                                               Time-average number of tankers waiting at the  

                                                                                            harbor for an empty berth (see 

                                                                                            AVG.NUM.IN.HARBOR.Q)       

AVG. NUM I N.DEBERTHING.Q                                  Time-average number of tankers in the deberthing  

                                                                                           queue 

AVG.NUM.IN.HARBOR.Q.                                            Time-average number of tankers waiting at the 

                                                                                           harbor that have requested and received a berth 

AVG.NUM.LOADING.BERTHS                                    Time-average number of loading berths 

HM.STATE                                                                       Attribute of the process HARBOR.MASTER  

                                                                                           representing the state of the tug after 

                                                                                           completing an activity 

LOADING.TIME                                                             Time required to load a particular tanker  

MAX.INTERARRIVAL.TIME                                        Maximum interarrival time (i.e., 18 hours) 

MAX.LOADING.TIME                                                   Maximum loading time 

MAX.STORM.DURATION                                            Maximum duration of a storm (i.e., 6 hours) 

MEANTIME.BET.STORMS                                            Mean time between the end of one storm and the  

                                                                                          beginning of the next (i.e., 48 hours) 
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Table 6.2. (Continued) 

  Variables  Definition 

 

 MEAN.TIME.IN.PORT Mean time in port of a tanker 

 MIN.INTERARRIVAL.TIME Minimum interarrival time (i.e., 4 hours) 

 MIN.LOADING.TIME Minimum loading time 

 MIN.STORM.DURATION Minimum storm duration (i.e., 2 hours) 

 NUM.BERTHS Number of berths (i.e., 3) 

 NUM.LOADING.BERTHS Number of berths loading at a particular point in 

   time 

 NUM.REPLICATIONS Number of replications of the simulation (i.e., 

   10) 

 PROP.BLOCKED Proportion of time that a berth is blocked (i.e., 

   occupied but not loading) 

 PROP.EMPTY Proportion of time that a berth is empty 

 PROP.LOADING Proportion of time that a berth is loading 

 PROP.TUG.IDLE Proportion of time that the tug is idle 

 PROP.TUG.TOWING Proportion of time that the tug is towing a tanker 

 PROP.TUG.TRANSIT Proportion of time that the tug is in transit 

   without a tanker 

 REP.NUMBER Replication number of the current simulation run 

 SIM.LENGTH Length of the simulation in hours (i.e., 9480 hours) 

 STATE Local variable representing the state of the tug 

   after completing an activity 

 TG.DESTINATION Destination of the tug 
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Table 6.2. (Continued) 

 

 Variables Definition 

 

TG.IDLE Variable which is 1 when the tug is idle and 0 

 otherwise 

TG.TRANSIT Variable which is 1 when the tug is in transit 

 without a tanker and 0 otherwise 

TIME.IN.PORT Time in port of a particular tanker 

TIME.OF.ARRIVAL Time of arrival of a particular tanker 

TOW.TIME Time for the tug to tow a tanker from the berths 

 to the harbor or vice versa (i.e., 1 hour) 

TRANSIT.TIME Time for the tug to travel without a tanker from 

 the berths to the harbor or vice versa (i.e., 

 0.25 hour) 

TYPE Type of a particular tanker (i.e., 1, 2, or 3) 

TYPE.DISTRIBUTION Random step variable corresponding to the 

 distribution of tanker types 

WARMUP.TIME Amount of time in each simulation run before 

 statistics are gathered (i.e., 720 hours) 

WEATHER Indicates whether a storm is currently in 

 progress 

 

130  



Chapter 6 A Model of Port Operations 

 

1 preamble 
 2 
 3 processes include ARRIVAL.GENERATOR, END.WARMUP, REPORT, STORM, 
 4  and TUG.TRANSIT 
 5 
 6  every HARBOR.MASTER has a HM.STATE 
 7  define HM.STATE as a text variable 
 8 
 9  every TANKER may belong to the HARBOR.QUEUE and may belong to 
10   the DEBERTHING.QUEUE 
11 
12 resources include BERTH 
13 
14  every TUG has a TG.DESTINATION, a TG.IDLE, and a TG.TRANSIT 
15  define TG.IDLE and TG.TRANSIT as integer variables 
16  define TG.DESTINATION as a text variable 
17 
18 permanent entities 
19 
20  every TANKER.TYPE has a MIN.LOADING.TIME, a MAX.LOADING.TIME, 
21   and a TIME.IN.PORT 
22  define MAX.LOADING.TIME, MIN.LOADING.TIME, and TIME.IN.PORT 
23   as real variables 
24 
25 define DEBERTHING.QUEUE as a FIFO set 
26 define HARBOR.QUEUE as a FIFO set 
27 the system owns the DEBERTHING.QUEUE and the HARBOR.QUEUE 
28 
29 define MAX.INTERARRIVAL.TIME, MAX.STORM.DURATION, MEAN.TIME.BET.STORMS, 
30  MIN.INTERARRIVAL.TIME, MIN.STORM.DURATION, SIM.LENGTH, TOW.TIME, 
31  TRANSIT.TIME, and WARMUP.TIME as real variables 
32 
33 define NUM.BERTHS, NUM.LOADING.BERTHS, NUM.REPLICATIONS, and 
34  REP.NUMBER as integer variables 
35 
36 define WEATHER as a text variable 
37 
38 define HOURS to mean UNITS 
39 
40 define IDLE to mean 1 
41 define BUSY to mean 0 
42 define IN.TRANSIT to mean 1 
43 define NOT.IN.TRANSIT to mean 0 
44 
45 the system has a TYPE.DISTRIBUTION random step variable 
46 define TYPE.DISTRIBUTION as an integer, stream 2 variable 
47 
48 tally MEAN.TIME.IN.PORT as the mean of TIME.IN.PORT 
49 
50 accumulate PROP.TUG.IDLE as the average of TG.IDLE 
51 
52 accumulate PROP.TUG.TRANSIT as the average of TG.TRANSIT 
53 
54 accumulate AVG.NUM.IN.DEBERTHING.Q as the average of N.DEBERTHING.QUEUE 
55 
56 accumulate AVG.NUM.IN.HARBOR.Q as the average of N.HARBOR.QUEUE 
57 
58 accumulate AVG.NUM.IN.BERTH.Q as the average of N.Q.BERTH 
59 
60 accumulate AVG.NUM.LOADING.BERTHS as the average of NUM.LOADING.BERTHS 

 131 



An Introduction to Simulation Using SIMSCRIPT II.5 

61 
62 end ''PREAMBLE 

Figure 6.1. Listing for the PREAMBLE, Port Model. 
 

The preamble for the port problem, which is long but relatively straightforward, is given in 
Figure 6.1. Note in lines 9 and 10 that a realization of the process TANKER may be a member of 
the sets HARBOR.QUEUE or DEBERTHING.QUEUE. Observe in line 36 that we are using a 
text variable for the first time. In particular, the variable WEATHER can take on the character 
strings "STORMY" and "CALM," corresponding to a storm in progress or calm weather, 
respectively. 
 
The DEFINE TO MEAN statement in line 40 defines the variable IDLE to have a value of 1. 
That is, the value 1 is substituted for IDLE at compilation time. The interpretation of lines 41 to 
43 is similar. 
 
63 main 
64 
65 call READ.DATA 
66 
67 for REP.NUMBER = 1 to NUM.REPLICATIONS 
68 do 
69  call INITIALIZE 
70  start simulation 
71 loop 
72 
73 end ''MAIN 

 

Figure 6.2. Listing for the MAIN Program Port Model. 

The listing for the Main program is given in Figure 6.2. It is similar to its counterparts in 
Chapters 3 and 4; however, for the current problem the purpose of the do loop is to make 
statistically independent replications of the same port configuration. 
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 74 routine READ.DATA 
75 
76 define I as an integer variable 
77 
78 read NUM.BERTHS 
79 create every BERTH(1) 
80 let U.BERTH(1) = NUM.BERTHS 
81 
82 create every TUG(1) 
83 let U.TUG(1) = 1 
84 
85 read TYPE.DISTRIBUTION and N.TANKER.TYPE 
86 create every TANKER.TYPE 
87 for each TANKER.TYPE 
88 do 
89  read MIN.LOADING.TIME(TANKER.TYPE) and MAX.LOADING.TIME(TANKER.TYPE) 
90 loop 
91 read MIN.INTERARRIVAL.TIME and MAX.INTERARRIVAL.TIME 
92 
93 read TOW.TIME, TRANSIT.TIME, MIN.STORM.DURATION, MAX.STORM.DURATION, 
94  MEAN.TIME.BET.STORMS, WARMUP.TIME, SIM.LENGTH, and NUM.REPLICATIONS 
95 
96 print 6 lines thus 

 

AFRICAN PORT PROBLEM -- INPUT PARAMETERS  

----------------------------------------------------------------------- 

103 skip 3 lines 
104 
105 print 19 lines with NUM.BERTHS, NUM.REPLICATIONS, SIM.LENGTH, 
106  TOW.TIME, TRANSIT.TIME, WARMUP.TIME, MEAN.TIME.BET.STORMS, 
107  MIN.STORM.DURATION, MAX.STORM.DURATION, MIN.INTERARRIVAL.TIME, 
108  and MAX.INTERARRIVAL.TIME thus 

NUMBER OF BERTHS 

 

NUMBER OF REPLICATIONS 

 

REPLICATION LENGTH HOURS 

TUG TRAVEL TIME WITH TANKER HOURS 

TUG TRAVEL TIME ALONE HOURS 

WARMUP TIME HOURS 

INTER-STORM TIMES ARE EXPONENTIAL WITH MEAN ***.* HOURS 

STORM DURATIONS ARE UNIFORM ON THE INTERVAL                                        (***.*, ***.*)  HOURS 

 

Figure 6.3. Listing for Routine READ.DATA, Port Model. 
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Routine READ.DATA is given in Figure 6.3. All of its statements are similar to ones used in 
previous chapters. 
        
INTERARRIVAL TIMES ARE UNIFORM ON THE INTERVAL                               (***.*, ***.*)   HOURS 

128  for each RANDOM.E in TYPE.DISTRIBUTION 
129  do 
130   let I = IVALUE.A(RANDOM.E) 
131   print 2 lines with I, MIN.LOADING.TIME(I), and MAX.LOADING.TIME(I) 
132          thus 

TYPE * TANKERS LOADING TIMES ARE UNIFORM ON THE INTERVAL    (***.*, ***.*) HOURS 

     135            loop 
     136 
     137                    skip 3 lines 
     138 
     139                   print 9 lines thus 
 

DISTRIBUTION FUNCTION OF TANKER TYPES: 
------------------------------------------------------------------ 
 

TYPE  CUMULATIVE PROBABILITY 
--------                 ------------------------------------------ 
 
149  for each RANDOM.E in TYPE.DISTRIBUTION 

150         print 3 lines with IVALUE.A(RANDOM.E) and PROB.A(RANDOM.E) thus 

**                                                              *.** 

154                     start new page 

155 

156       print 6 lines thus 

 

SIMULATION RESULTS (ALL TIMES ARE IN HOURS) 
------------------------------------------------------------------------ 
 
163       skip 3 lines 

164 

165                    print 6 lines thus 

 

                          ------- TANKER -------  AVG IN  AVG IN      -- ------TUG-----------    ---------------BERTHS----------- 
                          ---- TIME IN PORT---- DOCK     HARBOR   IDLE    TOW  OTHER   EMPTY    LOAD      OTHER 
RUN TYPE 1 TYPE 2  TYPE 3          QUEUE   QUEUE      TIME   TIME  TIME  TIME  TIME    TIME 
------     ---------  ----------  ---------           ---------    ------------    -------   --------   ------       ---------      --------      ---------- 
 

172 end ''READ.DATA 

Figure 6.3. (Continued) 
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173  routine INITIALIZE 
174 
175 let TG.IDLE(1) = IDLE 
176 let TG.TRANSIT(l) = NOT.IN.TRANSIT 
177 
178 let TIME.V = 0 
179 let NUM.LOADING.BERTHS = 0 
180 let WEATHER = “CALM” 
181 
182 activate an ARRIVAL.GENERATOR now 
183 activate a STORM now 
184 activate an END.WARMUP in WARMUP.TIME hours 
185 activate a REPORT in SIM.LENGTH hours 
186 
187  end ''INITIALIZE 
 

Figure 6.4. Listing for Routine INITIALIZE, Port Model. 

 
The listing for routine INITIALIZE is given in Figure 6.4. The let statements in lines 175 and 
176 specify that the tug is initially idle and not in transit, respectively. 
 
The activate statement in line 183 places a process notice for process STORM in the event list 
with an activation time of "now." This notice is used to schedule the arrival of the first storm; see 
process routine STORM for details. The activate statements in lines 184 and 185 are used, 
respectively, to reset the statistical counters at the end of the warm-up period and to print an 
output report after the desired amount of simulated time has elapsed. Note that resetting the 
statistical counters in process routine END.WARMUP eliminates the need for the same in 
routine INITIALIZE. If, as in previous chapters, there were no routine END.WARMUP, then the 
statistical counters would have to be reset here. 
 
 

188 process ARRIVAL.GENERATOR 
189 
190 while TIME.V < SIM.LENGTH 
191 do 
192  wait uniform.f(MIN.INTERARRIVAL.TIME,MAX.INTERARRIVAL.TIME,l) 
193   hours 
194  activate a TANKER now 
195 loop 
196 
197 end ''ARRIVAL.GENERATOR 
 

Figure 6.5. Listing for Process Routine ARRIVAL.GENERATOR, Port Model. 
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The process routine for process ARRIVAL.GENERATOR is given in Figure 6.5. It is identical 
in structure to the comparable routine in Chapter 2. After SIM.LENGTH hours have elapsed, no 
new tankers are allowed to arrive. Note, however, that the simulation is allowed to run until the 
event list becomes empty. 
 
198 process END.WARMUP 
199 
200 reset totals of TG.IDLE(1), TG.TRANSIT(l), N.DEBERTHING.QUEUE, 
201  N.HARBOR.QUEUE, N.Q.BERTH(l), and NUM.LOADING.BERTHS 
202 for each TANKER.TYPE 
203  reset totals of TIME.IN.PORT(TANKER.TYPE) 
204 
205 end ''END.WARMUP 
 

Figure 6.6. Listing for Process Routine END.WARMUP, Port Model. 
 
 
The process routine for process END.WARMUP is given in Figure 6.6. The reset statements in 
lines 200 to 203 reset the statistical counters after WARMUP.TIME hours have elapsed. The 
state of the simulation at this point in time should he more representative of the "normal 
operation" of the port than the state of simulation for "small" values of time. (Recall that the 
simulation was started with the port empty and idle.) 
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206 process TANKER 
207 
208 define LOADING.TIME and TIME.OF.ARRIVAL as real variables 
209 define TYPE as an integer variable 
210 
211 let TIME.OF.ARRIVAL = TIME.V 
212 let TYPE = TYPE.DISTRIBUTION 
213 let LOADING.TIME = uniform.f(MIN.LOADING.TIME(TYPE), 
214  MAX.LOADING.TIME(TYPE),3) 
215 
216 request 1 BERTH(1) 
217 file this TANKER in the HARBOR.QUEUE 
218 activate a HARBOR.MASTER giving “ARRIVE AT HARBOR" now 
219 suspend 
220 
221 request 1 TUG(1) 
222 work TOW.TIME hours 
223 relinquish 1 TUG(1) 
224 activate a HARBOR.MASTER giving "TUG AT BERTHS" now 
225 
226 add 1 to NUM.LOADING.BERTHS 
227 work LOADING.TIME hours 
228 subtract 1 from NUM.LOADING.BERTHS 
229 file this TANKER in the DEBERTHING.OUEUE 
230 activate a HARBOR.MASTER giving "DEPART THE BERTHS" now 
231 suspend 
232 
233 request 1 TUG(1) 
234 relinquish 1 BERTH(1) 
235 work TOW.TIME hours 
236 relinquish 1 TUG(1) 
237 activate a HARBOR.MASTER giving "TUG AT HARBOR" now 
238 let TIME.IN.PORT(TYPE) = TIME.V - TIME.OF.ARRIVAL 
239 
240 end ''TANKER 
 

Figure 6.7. Listing for Process Routine TANKER, Port Model.
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The listing for process routine TANKER is given in Figure 6.7. it is called each time a process 
notice for a TANKER is removed from the event list. When a tanker first arrives at the harbor, 
the routine is entered at the top and the local variables LOADING.TIME, TIME.OF.ARRIVAL, 
and TYPE are associated with the tanker. The actual values of these variables are specified in 
lines 211 to 214. In particular, note that the value of TYPE is generated by the random step 
variable TYPEDISTRIBUTION. 
 
The newly arriving tanker requests one unit of the resource BERTH(1) at line 216, since a tanker 
cannot be towed to the berths unless a berth is available. If a berth is not available, then the 
tanker is placed in the queue Q.BERTH(l). (It remains there until it reaches the head of this 
queue and a berth is available.) Control is then returned to the timing routine, which determines 
the most imminent process notice (of any kind) in the event list. If a berth is available, this berth 
is made busy and the tanker is filed in the set HARBOR.QUEUE at line 217. Then a 
HARBOR.MASTER process notice with an attribute of "ARRIVE AT HARBOR" is placed in 
the event list (with an activation time of "now") at line 218. Its purpose is to request the tug to 
come to the harbor if it is currently idle; see lines 283 to 291 in Figure 6.8. Finally, the suspend 
statement in line 219 stops the execution of this realization of process TANKER and returns 
control to the timing routine. The next process notice to be removed from the event list will be 
the one for process HARBOR.MASTER mentioned above. 
 
When the tanker, which arrived above, is at the head of the HARBOR.QUEUE and the tug 
arrives at the-harbor, this tanker is reactivated (at line 250 of process routine 
HARBOR.MASTER) and process routine TANKER is reentered at line 221. A request is made 
for one unit of the resource TUG(1) which, by design, must be available. The work statement in 
line 222 places the process notice for this tanker back in the event list with an activation time of 
TIME.V plus TOW.TIME, and corresponds to the tug towing the tanker from the harbor to the 
berths. When the tanker arrives at the berths, the routine is reentered at line 223 and the tanker 
relinquishes the tug. A HARBOR.MASTER process notice with an attribute of "TUG AT 
BERTHS" is now placed in the event list in order to decide what the tug should do next. 
 
The tanker proceeds to line 226 where 1 is added to the number of loading berths. The work 
statement in line 227 places the process notice for this tanker back in the event list and 
corresponds to the passage of the tanker's loading time. After loading has been completed, the 
routine is reentered at line 228 where 1 is subtracted from the number of loading berths. The 
tanker is then filed in the DEBERTHING.QUEUE in line 229. Note, however, that the tanker's 
berth is not relinquished at this point in time. A HARBOR.MASTER process notice with an 
attribute of "DEPART THE BERTHS" is placed in the event list at line 230 in order to request 
the tug if it is currently idle. The suspend statement in line 231 has exactly the same effect as the 
one in line 219. 
 
When the tanker, which completed loading above, is at the head of the DEBERTHING.QUEUE 
and the tug arrives at the berths (or is at the berths), this tanker is reactivated (at line 265 or 299 
of process routine HARBOR.MASTER) and the routine is reentered at line 233. A request is 
made for one unit of the resource TUG(1) (which must be available) and then one unit of the 
resource BERTH(I) is relinquished. The work statement in line 235, which corresponds to 
towing the tanker to the harbor, places the process notice for the tanker back in the event list. 
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When the tanker (and the tug) arrive at the harbor, the resource TUG(1) is relinquished by the 
tanker. Then a HARBOR.MASTER process notice with an attribute of "TUG AT HARBOR" is 
placed in  the event list in order to decide what the tug should do next. Finally, the time in port of 
the tanker is computed at line 238 and the process notice for the tanker is automatically 
destroyed. 

 

 139 



An Introduction to Simulation Using SIMSCRIPT II.5 

 

241 process HARBOR.MASTER given STATE 
242 
243 define STATE as a text variable 
244 
245 if STATE  = “TUG AT HARBOR”  
246 
247  if (N.HARBOR.QUEUE > 0) and (WEATHER = “CALM”) 
248 
249   remove the first TANKER from the HARBOR.QUEUE 
250   reactivate this TANKER now 
251 
252  else 
253 
254   let TG.DESTINATION(l) = “TUG AT BERTHS” 
255   activate a TUG.TRANSIT now 
256 
257  always 
258 
259 else if STATE  = “TUG AT BERTHS” 
260 
261  if (N.DEBERTHING.QUEUE > 0) and (WEATHER = “CALM”) 
262 
263   remove the first TANKER from DEBERTHING.OUEUE 
264   let TG.IDLE(1) = BUSY 
265   reactivate this TANKER now 
266 
267  else 
268 
269   if (N.HARBOR.QUEUE > 0) and (WEATHER = “CALM”) 
270 
271    let TG.IDLE(1) = BUSY 
272    let TG.DESTINATION(l) = "TUG AT HARBOR" 
273    activate a TUG.TRANSIT now 
274 
275   else 
276 
277    let TG.IDLE(1) = IDLE 
278 
279   always 
280 
281  always 
282 
283 else if STATE  = “ARRIVE AT HARBOR” 
284 
285  if (TG.IDLE(l) = IDLE) and (WEATHER = “CALM”) 
286 
287   let TG.IDLE(1) = BUSY 
288   let TG.DESTINATION(l) = “TUG AT HARBOR” 
289   activate a TUG.TRANSIT now 
290 
291  always 
292 
293 else if STATE = "DEPART THE BERTHS” 
294 
295  if (TG.IDLE(l) = IDLE) and (WEATHER = “CALM”) 
296 
297   remove the first TANKER from DEBERTHING.QUEUE 
298   let TG.IDLE(1) = BUSY 
299   reactivate this TANKER now 
300 
301  always 
302 
303 always 
304 always 
305 always 
306 always 
307 
308 end "HARBOR.KASTER 
 

Figure 6.8. Listing for Process Routine HARBOR.MASTER, Port Model. 
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Process routine HARBOR.MASTER is given in Figure 6.8. It is by far the most complicated 
routine in this book, consisting of many imbedded if statements. However, we have arranged the 
routine into four major cases or blocks in order to make it easier to read. These four blocks 
consist of lines 245 to 257, lines 259 to 281, lines 283 to 291, and lines 293 to 301, respectively. 
A particular block will be exclusively executed if the condition in its first line is satisfied. After a 
block has been executed, control is passed to the last line of the routine where the process notice 
is destroyed. The reader should verify the correctness of the statements in this paragraph by 
carefully examining the routine's flow of control. We now examine the four cases in turn. 
 
The text variable STATE was previously specified in process routine TANKER, 
TUG.TRANSIT, or STORM. Suppose that STATE is equal to the character string "TUG AT 
HARBOR," so that block one will be executed. (This case corresponds to the tug arriving at the 
harbor.) If there is at least one tanker in the harbor queue (i.e., if N.HARBOR.QUEUE > 0) and 
if the weather is calm (i.e., if WEATHER = "CALM") in line 247, then the first tanker in this 
queue is removed at line 249 and this tanker is reactivated at line 250. (The latter statement 
places the process notice for this tanker back in the event list. When process routine TANKER is 
reentered as a result of this process notice, it will be at line 221.) Control is then passed to the 
last line of routine HARBOR.MASTER. 
 
If both conditions in line 247 are not satisfied, then lines 254 and 255 are executed. The let 
statement in line 254 specifies that the destination of the tug is the berths and the activate 
statement in line 255 places a TUG.TRANSIT process notice in the event list in order to send the 
tug to the berths without a tanker; see Figure 6.9. Control is now passed to the last line of the 
routine. 
 
Suppose that STATE is equal to the character string "TUG AT BERTHS," so that block two will 
be executed. (This case corresponds to the tug arriving at the berths.) Therefore, the if construct 
in lines 261 to 281 will be executed. If, in line 261, there is at least one tanker in the deberthing 
queue and the weather is calm, then lines 263 to 265 are executed. The first tanker is removed 
from this queue in line 263. The variable TUG.IDLE(I) is set to BUSY (or 0) in line 264 to 
indicate that the tug is now busy; this variable is used to compute the proportion of time that the 
tug is idle. (Note that line 264 is necessary because the tug could be idle at the berths due to a 
storm; see Figure 6.10.) Then the process notice for the tanker is placed in the event list by the 
reactivate statement in line 265. Process routine TANKER will be reentered at line 233 when 
this process notice is removed from the event list. 
 
If both conditions in line 261 are not satisfied, then the if construct in lines 269 to 279 will be 
executed. If there is at least one tanker in the harbor queue and the weather is calm in line 269, 
then lines 271 to 273 will be executed. These three lines, which are similar to ones that we have 
discussed before, are used to send the tug from the berths to the harbor without a tanker. If both 
conditions in line 269 are not satisfied, then the tug is made idle (at the berths) in line 277. 
 
Suppose that STATE is equal to "ARRIVE AT HARBOR," so that block three is executed. (This 
case corresponds to a tanker at the harbor, which is ready to be towed to the berths.) If, in line 
285, the tug is idle at the berths and the weather is calm, then lines 287 to 289 are used to send 
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the tug from the berths to the harbor (without a tanker). These three lines are identical to lines 
271 to 273, which were previously discussed. If both conditions in line 285 are not satisfied, then 
the state of the tug is unchanged and control is passed to the last line of the routine. 
 
Suppose that STATE is equal to "DEPART THE BERTHS," so that block four is executed. (This 
case corresponds to a tanker at the berths which is ready to be towed to the harbor.) If the tug is 
idle and the weather is calm in line 295, then lines 297 to 299 are executed. These three lines are 
identical to lines 263 to 265. On the other hand, if both conditions are not satisfied in line 295, 
then control is passed to the last line of the routine. 
 
 

309 process TUG.TRANSIT 
310 
311 let TG.TRANSIT(1) = IN.TRANSIT 
312 work TRANSIT.TIME hours 
313 let TG.TRANSIT(1) = NOT.IN.TRANSIT 
314 activate a HARBOR.MASTER giving TG.DESTINATION(1) now 
315 
316 end ''TUG.TRANSIT 
 

Figure 6.9. Listing for Process Routine TUG.TRANSIT, Port Model. 

 
Process routine TUG.TRANSIT, which is called when a corresponding process notice is 
removed from the event list, is given in Figure 6.9. Recall that a TUG.TRANSIT process notice 
is placed in the event list in process routine HARBOR.MASTER when it is desired to move the 
tug without a tanker. 
 
In line 311 the variable TG.TRANSIT(l) is set to IN.TRANSIT (or 1) to indicate that the tug is 
now in transit. This variable is used to compute the proportion of time that the tug is in transit; 
see line 52 of the preamble. The work statement in line 312, which corresponds to the tug 
traveling without a tanker, places the TUG.TRANSIT process notice back in the event list with 
an activation time of TIME.V plus TRANSIT.TIME. When this process notice is again removed 
from the event list, the routine is reentered at line 313 where the variable TG.TRANSIT(1) is 
now set to NOT.IN.TRANSIT (or 0). The activate statement in line 314 places a 
HARBOR.MASTER process notice in the event list in order to decide what the tug should do 
upon arriving at its destination. The attribute of this process notice, TG.DESTINATION(l), 
specifies the destination of the tug and is set in process routine HARBOR.MASTER. 
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317 process STORM 
318 
319 while TIME.V < SIM.LENGTH 
320 do 
321  wait exponential.f(MEAN.TIME.BET.STORMS,4)  hours 
322 
323  let WEATHER = “STORMY” 
324  if (TG.TRANSIT(l) = IN.TRANSIT) and 
325   (TG.DESTINATION(l) = “TUG AT HARBOR”) 
326   interrupt TUG.TRANSIT 
327   let TG.DESTINATION(1) = “TUG AT BERTHS” 
328  let time.a(TUG.TRANSIT) = TRANSIT.TIME - time.a(TUG.TRANSIT) 
329  resume TUG.TRANSIT 
330 always 
331  work uniform.f(MIN.STORM.DURATION,MAX.STORM.DURATION,5) hours 
332 
333  let WEATHER = “CALM” 
334  if TG.IDLE(1) = IDLE 
335   activate a HARBOR.MASTER giving "TUG AT BERTHS" now 
336  always 
337 loop 
338 
339 end ''STORM 
 

Figure 6.10. Listing for Process Routine STORM, Port Model. 
 
 
The listing for process routine STORM is given in Figure 6.10. The do loop in lines 320 to 337 
will be entered as long as the value of simulated time, TIME.V, is less than the desired 
simulation length, SIM.LENGTH. (If this condition is not satisfied, then control is immediately 
passed to the end of the routine.) The wait statement in line 321 places the STORM process 
notice hack into the event list for an exponential amount of time; it corresponds to- the passage 
of time between the end of one storm and the beginning of the next. 
 
When the STORM process notice is again removed from the event list, process routine STORM 
is reentered at line 323, where the variable WEATHER is set to "STORMY." Then a check is 
made in lines 324 and 325 to determine if the tug is traveling without a tanker from the berths to 
the harbor. If this is the case, then the tug must be turned around and sent back to the berths. The 
interrupt statement in line 326 removes the TUG.TRANSIT process notice from the event list. 
(The computer location of this notice is given by the global integer variable TUG.TRANSIT.) 
Furthermore, the attribute time.a of this notice is set to the remaining time it would have been in 
the event list had it not been interrupted. The new destination for the tug is specified to be the 
berths in line 327. Then, in line 328, the time.a attribute of the process notice TUG.TRANSIT is 
set to the time required for the tug to return to the berths from its current location. The resume 

 143 



An Introduction to Simulation Using SIMSCRIPT II.5 

statement in line 329 places the TUG.TRANSIT process notice back into the event list with an 
activation time of TIME.V plus time.a(TUG.TRANSIT). The work statement in line 331 places 
the STORM process notice back into the event list; it corresponds to the passage of time during a 
storm. Note that if the conditions in lines 324 and 325 are not satisfied, then control is passed 
immediately to line 331. 
 
When the STORM process notice is next removed from the event list, process routine STORM is 
reentered at line 333, where the variable WEATHER is set to “CALM.” Then a check is made in 
line 334 to see if the tug is currently idle. If so, a HARBOR.MASTER process notice is placed in 
the event list in line 335 to determine if the tug can begin an activity. (Strictly speaking, the if 
statement in line 334 is not necessary, since the tug must now be idle for our choice of input 
parameters. However, in general, we believe that program logic should not depend on the 
particular values of parameters.) 
 
After the if construct in lines 334 to 336 has been executed, control is passed to line 337 and then 
to line 319. 
 
                                                                        
 
340 process REPORT 
341 
342             define AVG.NUM.IN.ARRIVAL.Q, PROP.BLOCKED, PROP.EMPTY, PROP.LOADING, 
343  and PROP.TUG.TOWING as real variables 
344 
345             let AVG.NUM.IN.ARRIVAL.Q = AVG.NUM.IN.HARBOR.Q + AVG.NUM.IN.BERTH.Q(1) 
346 
347             let PROP.TUG.TOWING = 1.0 - PROP.TUG.IDLE(1) - PROP.TUG.TRANSIT(1) 
348 
349             let PROP.BLOCKED = AVG.NUM.IN.DEBERTHING.Q/NUM.BERTHS 
350 
351             let PROP.LOADING = AVG.NUM.LOADING.BERTHS/NUM.BERTHS 
352 
353             let PROP.EMPTY = 1.0 - PROP.BLOCKED - PROP.LOADING 
354 
355             print 2 lines with REP.NUMBER, MEAN.TIME.IN.PORT(l), MEAN.TIME.IN.PORT(2), 
356  MEAN.TIME.IN.PORT(3), AVG.NUM.IN.DEBERTHING.Q, AVG.NUM.IN.ARRIVAL.Q, 
357  PROP.TUG.IDLE(l), PROP.TUG.TOWING, PROP.TUG.TRANSIT(l), PROP.EMPTY, 
358  PROP.LOADING, and PROP.BLOCKED thus 
**   ****.*    ****.*  ****.*             ***.**         ***.**   *.***  *.***     *.***   *.***  *.***   *.*** 
 
361 end ''REPORT 
 

Figure 6.11. Listing for Process Routine REPORT, Port Model. 

 
Process routine REPORT is given in Figure 6.11. The time-average number of tankers waiting at 
the harbor, AVG.NUM.IN.ARRIVAL.Q, is computed in line 345 as the sum of the variables 
AVG.NUM.IN.HARBOR.Q and AVG.NUM.IN.BERTH.Q(1); see Table 6.2 for definitions of 
the latter two variables. The proportion of time that the tug is towing is computed in line 347 by 
subtracting the proportion of time that the tug is idle and the proportion of time that the tug is in 
transit (without a tanker) from 1, since the tug must be in one of these three states at any point in 
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time. In line 349, the proportion of time that a berth is blocked is computed by dividing the 
time-average number of blocked berths (a number between 0 and 3) by the number of berths 
(i.e., 3), resulting in a number between 0 and 1. It can be easily shown that this number is equal 
to the average of the three individual proportions of time that a berth is blocked. The calculation 
of the proportion of time that a berth is loading in line 351 is similar. Finally, the calculation of 
the proportion of time that a berth is empty in line 353 is similar to what was done in line 347. 
 
6.3 Simulation Output and Discussion 
 
The input parameters and simulation results for ten independent runs of the port problem are 
given in Figures 6.12 and 6.13, respectively. Note that the results can differ greatly from run to 
run. (Recall that different random numbers were used for each run.) In particular, observe that 
the average time in port for type 1 tankers varies from 27.7 in run 5 to 42.6 in run 4. Thus, we 
can see that one run of a stochastic simulation model does not produce "the answer." In the 
present context, we want to estimate the long-run (i.e., after the model is "warmed up") expected 
time in port of a type 1 tanker (as well as a number of other quantities). The number resulting 
from a single run (e.g., 27.7) is an estimate of this expected value based on a sample of size one. 
Using the number from only one run as an estimate is, in general, no different than attempting to 
estimate the mean of a population in classical statistics from one data point. 
 
We now discuss how to use the results from the ten runs to obtain a better estimate of the 
long-run expected time in port of a type 1 tanker, which we denote by p. (However, the same 
approach can be used for the other quantities of interest.) Let xj be the average time in port of a 
type 1 tanker observed on run j for j = 1, 2, ..., 10 (e.g., x, = 31.4). Then a point estimate for 1, is 
given by 

 

∑
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10

1
56.3410/)10(
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The sample mean X(10) will, in general, be a much better estimate of µ then the number 
resulting from a single run, say, x1. However, the difficulty with using X(10) as an estimate of v 
without any additional information is that we have no way of assessing how close X(10) is to µ. 
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AFRICAN PORT PROBLEM -- INPUT PARAMETERS  
---------------------------------------------------------------------- 
 
NUMBER OF BERTHS  3 

NUMBER OF REPLICATIONS  10 

REPLICATION LENGTH 9480. HOURS 

TUG TRAVEL TIME WITH TANKER 1. HOURS 

TUG TRAVEL TIME ALONE  .25 HOURS 

WARMUP TIME 720.  HOURS 

INTER-STORM TIMES ARE EXPONENTIAL WITH MEAN 48. HOURS 

 

STORM DURATIONS ARE UNIFORM ON THE INTERVAL (2.    , 6.)  HOURS 

 

INTERARRIVAL TIMES ARE UNIFORM ON THE INTERVAL (4.    , 18.)  HOURS 

 

TYPE 1 TANKERS LOADING TIMES ARE UNIFORM ON THE INTERVAL   (16.   , 20.)  HOURS 

 

TYPE 2 TANKERS LOADING TIMES ARE UNIFORM ON THE INTERVAL   (21.   , 27. ) HOURS 

 

TYPE 3 TANKERS LOADING TIMES ARE UNIFORM ON THE INTERVAL   (32.   , 40.)  HOURS 

 

DISTRIBUTION FUNCTION OF TANKER TYPES: 
----------------------------------------------------------------- 
 

  

 

TYPE CUMULATIVE PROBABILITY 
--------              ----------------------------------------- 
 1 .25 

 2 .50 

 3 1. 

 

Figure 6.12. Input Parameters for the Port Model. 
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SIMULATION RESULTS (ALL TIMES ARE IN HOURS) 

 

 

 ------- TANKER ------------ AVG IN AVG IN ------- TUG ------- ------ BERTHS ---- 

 ---- TIME IN PORT ------ DOCK HARBOR IDLE TOW OTHER EMPTY LOAD OTHER 

RUN TYPE 1  TYPE 2     TYPE 3 QUEUE QUEUE TIME TIME TIME TIME     TIME    TIME 

------ --------     ------------   ---------- ----------- ----------- -------- --------- --------- ---------  ---------  ------------- 

 

 1 31.4 37.6 49.5 .03 1.02 .805 .183 .012 .123 .866 .011 

 2 34.9 41.4 54.1 .03 1.41 .807 .183 .010 .121 .870 .009 

 3 35.1 42.1 52.8 .03 1.39 .804 .187 .009 .107 .882 .011 

 4 42.6 48.7 61.2 .03 2.09 .806 .185 .009 .110 .880 .010 

 5 27.7 35.3 46.9 .03 .76 .802 .180 .017 .154 .837 .008 

 6 34.4 41.0 52.0 .03 1.28 .808 .183 .009 .111 .878 .010 

 7 32.2 39.7 49.8 .03 1.10 .806 .182 .012 .125 .865 .010 

 8 35.2 41.3 53.5 .03 1.37 .806 .182 .012 .123 .867 .010 

 9 30.7 37.2 48.2 .03 .91 .805 .180 .015 .146 .844 .010 

 10 41.4 46.9 59.8 .03 2.01 .804 .189 .006 .094 .895 .011 

 

Figure 6.13. Simulation Output for the Port Model. 

 
The usual way to assess the accuracy of X(10) is to construct a confidence 
interval for µ .  Let the sample variance s2(10) be defined by 
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Then a 100(l - α)% confidence interval (0 < α < 1) for u is given by 
 

,10/)10()10( 2
2/1,9 stx α−±  
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where  is the upper 1  critical value for a t distribution with 9 degrees of freedom 
(see Law and Kelton [5, pp. 386-387] for a table of these values). Thus, for example, a 90% 
confidence interval is given by 

2/1,9 α−t 2/α−

 
. 66.256.3410/09.21833.156.34 ±=±

 
In other words, we are 90% confident that µ  is between 31.90 and 37.22. Of course, the above 
analysis directly generalizes from 10 runs to the case of n runs (n ≥ 2); see Law [4, pp. 997-998]. 
  
In the above discussion, we were interested in the long-run behavior of the port. This means the 
behavior of the port after the simulation has been warmed up long enough so that the choice of 
initial conditions (e.g., how many tankers are present at time 0) is no longer having any effect on 
the simulation results. We used a warm-up period of 720 hours, which was determined by 
applying a graphical technique due to Welch [8] to output data from the port problem. Each 
simulation model will require a different warm-up period and, in general, the determination of a 
warm-up period is quite a difficult problem. 
 
In summary, one should never make only one run of a stochastic simulation model, since, in 
general, there is no reliable way of determining the accuracy of the results. Additional references 
on output data analysis are Law [3, 4] and Law and Kelton [5, Chapters 4 and 8]. 
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PROBLEMS 
 
6.1. Suppose that the tug has a two-way radio which enables it to know the position and status of 
each tanker in the port. As a result, the tug uses the following operating policies: 
 

(a) If the tug is traveling from the harbor to the berths without a tanker and is less than 
halfway there when a new tanker arrives, then the tug will turn around and go pick 
up the new tanker. 

 
 (b) If the tug is traveling from the berths to the harbor without a 
  tanker and is less than halfway there when a tanker completes 
  loading, then the tug will turn around and go pick up the tanker. 
 
Run the simulation using the same input parameters as before. 
 
6.2. Repeat Problem 6.1 if the tug also follows the following operating policy: 
 

(a) If the tug is traveling from the harbor to the berths without a tanker and the deberthing 
queue is empty when a new tanker arrives, then the tug will turn around and go pick up 
the new tanker, regardless of its position. 

 
6.3. For the port of Section 6.1, suppose that each berth receives routine maintenance after each 
4000 hours of use; a berth is considered in use if it is either loading or blocked. (If a berth is 
occupied after 4000 hours of use, then maintenance does not begin until the berth is empty.) 
Assume that a berth cannot be used during maintenance and that maintenance times are 
uniformly distributed on the interval (64, 80) hours. A berth is considered idle during 
maintenance for statistical purposes. Furthermore, a berth is not considered in use during the 
warm-up period. Run the simulation using the same input parameters as before. (Hint: Use three 
types of the resource BERTH; i.e., let N.BERTH = 3.) 
 
6.4. For the port of Section 6.1, suppose that each berth breaks down after an amount of time 
which is uniformly distributed on the interval (5000, 7000) hours. (The three berths break down 
independently of each other.) When a berth breaks down, it must be repaired and repair times are 
2-Erlang random variables with a mean of 168 hours. If a berth is idle when it breaks down, then 
its repair begins immediately. If a berth is occupied but not loading when it breaks down, then 
the tug must remove the tanker from the berth before repair can begin. If a berth is loading when 
it fails, then loading stops immediately. Furthermore, since a berth cannot be repaired when it is 
occupied, the tug must move the "stranded" tanker to an empty berth to finish being loading. 
(When loading resumes at another berth, the total time required is equal to a setup time of 2 
hours plus the remaining loading time.) The tug will move the stranded tanker at the first time 
that the tug is at the berths, a berth is empty, and the weather is calm. The total time required for 
the tug to pick up the tanker and move it to an empty berth is 0.50 hour. Run the simulation and 
gather statistics on the proportion of time that each berth is broken, loading, occupied but not 
loading, and idle. Assume that all berths are "new" at the end of the warm-up period. (Hint: Use 
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three types of the resource BERTH.) 
 

6.5. Consider the port of Section 6.1. Suppose that the arrival rate of tankers is expected to 
increase substantially in the next few years; in particular, inter-arrival times are expected to be 
uniformly distributed on the interval (3, 11) hours. As a result, the port commission is 
considering adding both a fourth berth and a second tug. Develop a set of logical operating 
policies for the interactions of the two tugs and simulate the proposed port using the same input 
parameters as before. (Assume that the tugs have two-way radios and know the position and 
status of each tanker or tug in the port.) Separate statistics should be gathered for each tug. 
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