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Preface

This document describes how to build simulation models using the CACI Product
Company’s SIMSCRIPT 11.5 programming system.

SIMSCRIPT I1.5 is an integrated, interactive development environment controlled by
SimLab. SimLab includesthe complete SIMSCRIPT 11.5 programming language, utilities
for editing and managing SIMSCRIPT I1.5 programs, the SIMGRAPHICS | and II
graphical interface and utilities, and comprehensive online-help.

This document is an updated version of the book written by Edward C. Russell. It stresses
the use of SIMSCRIPT I1.5 for conceptualizing models and implementing them in
computer-readable form. It presents the use of SIMSCRIPT 11.5 for discrete-event
simulation through a sequence of case studies. These range from avery ssmple model of a
single-queue-single-server to a complete, complex network model. The examples have
been throughly tested and used in a short course regularly offered by CACI. Although the
examplesillustrate all the features of SIMSCRIPT 11.5, the emphasisis on model building.
Consequently, programming concepts are introduced only as they are required. Appendix
A describes the syntax of the entire SIMSCRIPT 11.5 language in convenient form.

This manual is oriented toward real applications. Small examples are used for practical
reasons, but the techniques apply to large models as well. The intent is to stress good
techniques of model building, program planning, programming, and verification.

For information on how to build Graphical User Interfaces (GUI) and how to add animation
and presentation graphics to simulation models, refer to the SIMGRAPHICS User’s
Manual for SMSCRIPT I1.5.

The following documents also pertain to SIMSCRIPT I1.5:

e SMSCRIPT I1.5 Programming Language — A description of the programming
techniques used in SIMSCRIPT [1.5.

e SMSCRIPT I1.5 Reference Handbook — A complete description of the
SIMSCRIPT 11.5 programming language.

« SMGRAPHICS Il User's Manual for SMSCRIPT 11.5 — Information about
SIMGRAPHICS I, the integrated graphics development and animation
environment for SIMSCRIPT I1.5.

» SMGRAPHICS| User’s Guide and Casebook — Supplementary information on
SIMGRAPHICS, and user’ s guide for SMGRPAHICS .

e S MSCRIPT II.5 Windows User’s Manual — An instruction manual for Windows
and Windows NT users of SIMSCRIPT I1.5.

e SMSCRIPT II.5 UNIX User’'s Manual — An instruction manual for UNIX users
of SIMSCRIPT I1.5.
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The SIMSCRIPT I1.5 language and its implementations are proprietary program products
of the CACI Products Company. Distribution, maintenance, and doc¢atimenof the
SIMSCRIPT I1.5 language and compilers are available exclusively from CACI.

Free Trial Offer

SIMSCRIPT IL.5 is available on a free trial basis. We provide everything needed for a com-
plete evaluation on your computéerhere is no risk to you

Training Courses

Training courses in SIMSCRIPT 1.5 are scheduled on a recurring basis in the following
locations:

La Jolla, California
Washington, D.C.
London, United Kingdom

On-site instruction is available. Contact CACI for details.

For information on free trials or training, please contact the following:

CACI Products Company
3333 N. Torrey Pines Court
La Jolla, CA 92037

(619) 824.5200

Fax: (619) 457.1184

Web Site
For the most up-to-date SIMSCRIPT II.5 information, visit our WEB site at:

www.caciasl.com



1. Introduction

This chapter defines discrete-event simulation, broadly outlines the steps taken in
simulation and model building, defines some common tools used in building simulation
models and analyzes why simulations sometimes fail.

1.1 What is Simulation?

Simulation is an effective way to pretest proposed systems, plans, or policies before
developing expensive prototypes, field tests, or actual implementations. Using computer-
based simulation, it is possible to trace out in detail the consequences and implications of
a proposed course of action.

Simulation can be defined as:

* The operation of a model that is a representation of the system under study.

* Being amenable to manipulation that would be impossible, too expensive, or too
impractical to perform on the system it portrays.

* Operation of the model being amenable to study. From the study, properties
concerning the behavior of the actual system can be inferred.

This definition is broad enough to encompass methods other than the SIMSCRIPT I11.5
approach discussed in this manual, butilt serve as a wrking defintion that will be
refined later.

Simulation is often used as an alternative to more traditimnals of analysis such as
analytical solutions (e.g. closed-form solutions to steady-state queueing models),
numerical solutions (e.g., to differential equations), or even to scale-model building (e.g.
for harbors or waterway systems).

Over the past 20 years, simulation has proved again and again that it can be a powerful
analytic tool. In small-scale applications, it has recorded countless modest successes; in
large-scale applications, it has oeded some sp#acular, widely publicized successes.

The wonder is that a tool of such power has not gained even wider adoption.

In her articleSimulation as an Alternative to Linear Programmjhg], Professor Susan L.
Solomon comments wryly on the lingering distrust of simulation even as its use is
becoming more widespread than ever:

It is commonly accepted that general classes ofl@nob are best solved
using particular techniques. For example, critical path scheduling problems
can often be formulated for solution by linear programming, but this
approach would not recommend itself for cost reasons to the vast majority
of those having access to a PERT or CPM packagé&imulation might

offer a reasonable alternative solution vehicle in many circumstances like
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these, yet some operations research analysts tend to consider its use only
“when all else fails.” That is, simulation is the technique of last resort.

An examination of the simulation literature, including conference
proceedings, in the past decade—by weight, by volume, by complexity and
sophistication, or by breadth of application areas—would incline one to
believe that either all else fails quite a bit of the time, or perhaps that
simulation is a cost-effective alternative to the more structured deterministic
methods of problem solving.

Perhaps some analysts regard simulation as too difficult or merely too strange, and feel
themselves on safer ground solving fianj purely mathematical models. More likely,

they are scared off by some of simulation’s spectacular—and costly failures. In paragraph
1.2 ten reasons are given for why simulations fail. The rest of this manual tells you how to
succeed.

Within the discipline of computer-based simulation, there is a rather clear-cut dichotomy
between so-called “continuous simulation” and “discrete-event simulation.” Continuous
simulation describes systems by sets of equations to be solved numerically. These may be
algebraic or differential equations, usually with time as the independent variable.
Examples of problems in this area are fluid-flow and hydraulics problems, heat-flow
problems such as the representation of a blast furnace in a steel mill, and orbital calculations
for a communications satellite.

Discrete-event simulation describes a system in terms of logical relationships that cause
changes of state at discrete points in time rather than continuously over time. Examples of
prodems in this area are most queueing situations: Objects (customers in a gas station,
aircraft on a runway, jobs in a computer) arrive and change the state of the system
instantaneously. State variables are such things as the number of objects waiting for service
and the number being served. One could argue, of course, that these changes also appear
to occur continuously.

For example, when exactly does an airplane join a queue at a runway? The important point
is that is is satisfactory for the purposes of the study to represent certain phenomena as if
they occur at discrete points in time.

Not all discrete simulation involves queueing. For example, many war gaming situations
are modeled in which no queues are formed. Many communications systems are
“memoryless” and hence have no queueing, yet many interesting insights into these
systems can be derived from their simulation.

In the final analysis, all real systems are continuous and all digital simulation is discrete. It
is merely our perception of the problems and their solutions that varies. Aaugi
simulation is ultimately implemented bypsogram that solves equations numerically in
discrete (albeit very small) time increments, whereas a discrete-event simulation assumes
the lack of importance of things that might occur between the modeled events or as a
consequence of those events actually consuming some time.
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The important question, however, is not whether a real system is discrete or continuous, but
which perception of the system is most useful for the analysis.

As more complex models are built, analysts recognize that some systems are most naturally
represented as a combination of discrete and continuous methodology. Considerable effort
has been expended in this area [6, 14, 16].

1.2 What is Wrong With Simulation?

Before exploring good simulation procedures, we will review the reasons simulation
analysis studies often fail. The reasons for failure are frequently the same. All of the
pitfalls can be avoided.

A report to the United States Congress prepared by the General Accounting Office (GAO
Report LCD-75-11) said in part:

The Government Accounting Office identified 519 federally funded models
developed or used in the Pacific Northwest area of the United States.
Development of these models cost about $39 million. Fifty-seven of these
models were selected for detailed review, each costing$h@¥,000 to
develop. They represent 55 % of the $39 million of the development costs
in the models.

Although successfully developed models can be of assistance in the
management of federal programs, GAO found that many model
development efforts experienced large cost overruns, prolonged delays in
completion, and total user dissatisfaction with the information obtained
from the model.

Most models now under development will fail in the same ways these did and for exactly
the same reasons!

1.3 How to Avoid the Ten Big Mistakes

1.3.1 Failure to Define an Achievable Goal

The goal of a simulation project should never be “To model the . . .” Modeling itself is not

a goal; it is a means to achieving a goal. A successful simulation demands, first of all, a
clearly articulated and agreed-upon set of realizable objectives. These depend on the
answers to questions like: What is to be learned about the systan study? What
decisions will be based on the simulation results?

The objectives cannot be correctly defined without the active participation of the end user,
and they must, of course, be realizable. Setting the goals is the first step in any simulation
project and perhaps the one most commonly bypassed.
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1.3.2 Incomplete Mix of Essential Skills

A successful simulation project calls for a combination of at least four areas of knowledge
and experience:

Project Leadership. Someone must have the ability to motivate, lead, and manage the
simulation team.

Modeling. There must be the expertise to design a conceptual model that imitates the
system under study at the required level of detail.

Programming. There must be the ability to transform the conceptual model into a
readable, modifiable, and working computer program.

Knowledge of the Modeled System.There must be sufficient understanding of the
system to guide the modeling and to judge the validity of the simulation results.

Teams have typically lacked specialists whose expertis@rariessional interests lie in
modeling and simulation over and above programming. In addition, people knowledgeable
about the system, together with those who will use the results of the simulation study, have
typically not tracked the development in sufficient detail to assure that thpredalct
satisfies their needs.

1.3.3 Inadequate Level of User Participation

All too often, model developers simply go off by themselves for a year and then proudly
drop the “completed,” never-to-be-used model on the sponsor’s desk.

The model building team must work with the user organization from start to finish in order
for both to have the confidence and understanding necessary to use the completed work
effectively. There must be regularly scheduled briefings, progress reports, and technical
discussions with prospective users of the model.

The end user is also the only one who can inform the team about realistic considerations
such as politics, bureaucracy, unions, budgets, and changes in the sponsoring organization.
These will determine the success of the project as much as will the quality of the technical
work.

1.3.4 Inappropriate Level of Detall

A model is a simplified representation of a system, anddulsl incorporate only those
features of the system that are important for the user’s purposes.

In modeling a complex system, difficult questions must be addressedfamftiwe first

time. There is a tendency to spend a great deal of effort modeling, in unnecessary detalil,
those portions of the system that are well understood while glossing over poorly defined
portions that may be more important. This approach creates the illusion that great progress
is being made, until the time comes to produce valid, usable results.
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The goals of the project determine the appropriate level of detail which must be consistent
with the availability of data and other resources.

1.3.5 Poor Communication

It has been said that if you can clearly define what the problem is, you are already halfway
toward its solution. To gain understanding of a problem, everyone who can contribute to
its definition should be able to do so in a disciplined but natural way.

A conceptual framework and language for communication between the team members is
essential. The framework, or world vievhosild relate closely to the language of the
programmed model.

Simulation languages that areoplem-oriented and readable can dramatically simplify
model design and progmmng. They provide a vocabulary andated concepts with
which system elements and their interactions can be conveniently described and discussed.

1.3.6 Using the Wrong Computer Language

Opinions differ regarding programming languages for simulation. Some believe that
computer languages should be English-like and problem-oriented, while others feel that
any language extended with simulation-related routines is adequate. Our view is that the
programming language should be English-like, self-documenting, and readable by the user,
who is primarily interested in the system under study, not computer programming.

High-level simulation languages have been shown to substantially reduce both
programming and project time. By design, they offer language, program, and data
structures that make models much easier to develop and modify.

1.3.7 Obsolete or Nonexistent Documentation

Over the years, we have observed numerous unsuccessful simulation projects that had no
documentation except a programming listing. Many of these listings contained few
explanatory comments.

Even thoroughly commented FORTRAN or C++ listings are difficult to decipher for
anyone other than the person who wrote it. Often, even the original programmer has
difficulty understanding it after a short time.

This waste is a consequence of the realities of model development. Most models evolve
over a long period ofime because of new and increased understanding of the system,
changing goals, and availability of new data.

Because of the evolutionary changes, flowcharts, prose documentation, detailed
descriptions of routines, and variables, program comments often become obsolete,
incomplete, or incorrect shortly after they are written. The longer the model is around—
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and many models in use today were developed five or more years ago—the more this type
of documentation deteriorates.

For the purposes of computer program development, modification, and enhancements, the
only dependable documentation in a changing environment is the source program listing.
The quality and usefulness of this documentation is determined by the model design and
the simulation language.

1.3.8 Using an Unverified Model

Verification involves comparing the pgrammed computer model with the conceptual
model to determine if the program implements the model as designed.

The most effective verification technique is a walkthrough, with the programmer
explaining the code to someone who is familiar with the system under study. This
technique frequently turns up design and coding errors that can be corrected at a fraction of
the cost and time that would be required after the model is implemented on a computer.

To use the powerful walkthrough technique, the program must be readable. SIMSCRIPT
I1.5 has this advantage.

1.3.9 Failure to Use Modern Tools and Techniques to Manage the Development
Most large computer development programs are late. The three major reasons are:

* Premature Coding. There is usually an urge to begin coding before the program
is designed.

» Optimistic Scheduling. The time required for known tasks is underestimated and
there is no time allocated for the inevitable, unanticipated problems.

» Confusing Effort with Progress. On some days progress will consist of locating
and correcting a single error.

There are tools and technigues that can help in overcoming these problems. Computer-
based design tools, such as JPL’s Software Design and Documentation Language [10],
guide the top-down development of models through statements of objectives, functional
requirements, procedures, and data structures.

These tools also provide a means for capturing project management information such as
progress estimates, responsibility assignments, problem areas, and design revisions.

Software engineering tools and related principles, such as structured and modular
programming, make programs orderly and manageable. Lack of complete understanding
of these methods andifure to use them virtually dooms anyaet to develop a large,
complex model.
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1.3.10 Using Mysterious Results

The results from simulation studies should be presented in a way that the user can easily
relate to the system under study. Otherwise, the user cannot effectively judge the validity
of the model and will not have confidence in it.

A model that gives unexpected or illogical results may do so because certain parameters
turn out to be far more significant or insignificant than expected, or because unanticipated
interactions between system elements greatly affect systdormpance. Insight into
hidden problems of this sort are typically gained from simulation.

However, unexpected amusual simlation results that ¢aot be exfained are usually
caused by errors, invalid assumptions, or lackraferstanding of theeal system. The
model will be useless until these faults are found and corrected.

New simulation and programming tools and techniques can help bring order to model
design, implementation, evolution, and analysis. It is now easier than ever before to define
and design models, to generate correct computer programs, and to produce readable, more
meaningful reports. One key to the successful use of simulation analysis lies in
understanding and applying these new methodologies.

1.4 A First Look at the Simulation Task
SIMSCRIPT I1.5 helps you avoid the problems listed in paragraph 1.3 by:

* Articulating simulation goals.

* Analyzing the system to determine an appropriate level of detail for the
model.

* Synthesizing the system (realizing the model).
» Collecting and preparing the data.
* Verifying model correctness.
» Validating model results.
* Preparing for system experiments.
* Analyzing experimental results.
Although these points are enumerated as if they might be accomplished sequentially, it is

more realistic to envision a test during or after the performance of each step that might send
you back to redo one or more of the preceding tasks.

1.4.1 Articulate Simulation Goals

Defining the problem often is the problem. Setting goals does not necessarily mean
determining the outputs to be produced. Rather, it means describing relationships that need
to be studied and quantifying the information to be obtained.
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1.4.2 Analyze the System to Determine the Appropriate Level of Detail for
the Model

There is always more information available about a system than can be incorporated in a
simulation model. The real art of model building is the ability to capture the essence of a
system without building extraneous information into the model and yet omitting nothing of
importance. A modeling approach that uses good design techniques such as top-down,
structured design with clearly defined modularity, will enhance the quality of the product.

1.4.3 Synthesize the System (Realize the Model)

An aspect of simulation languages that is often overlooked when comparison is made to
modeling with a general-purpose programming language is the “world-view” of the
language. With a general-purpose language, this amounts to looking at the data structures
of the language; but with a simulation programming language, it involves much more.

The world-view of a simulation language, in a sense, defines the classbdéms for

which the language is suitable. Another way of characterizing the world-view of the
language is quite literal: how one views the world with thegleage. For example, in
SIMSCRIPT I11.5, one begins to describe the modeled system in teremgittés These
entities are characterized by thaitributes If there are logical associations or groupings

of entities, they are describedsets The actions in the modeled system are described as
eventsor processes The world-view of the language, together with the support of the
constructs by the compiler, is one of the most important reasons for using a simulation
language. Logical consistency tests are performed, some during compilation of the model
and some during execution of the model, which are related to the correct application of the
world-view, not just to programming details.

1.4.4 Collect and Prepare Input Data

A simulation study of any magnitude entails gathering massive amounts of data and
reducing them to usable form. Tools are available to aid in this data reduction task.
SIMSCRIPT II.5 has techniques for the representation of data. They are:

» Direct input of observed phenomena from external events

* Reduction of data to an arbitrary distribution function that is represented
numerically

» Use of various built-in random deviate generators to approximate the observed
phenomena analytically.

1.4.5 Verify the Model

This is the traditional “debugging” phase. Debugging a simulation model involves assuring
that the implemented code faithfully represents the model as abstracted from the real system.
If it does not, there are latent errors in the code, or the model is not a correct abstraction.
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1.4.6 Validate the Model

A model can run correctly and yet be worthless! This is because the model may not
correctly represent the system.  With a well-defined program such as a payroll program,
exhaustive testing and hand calculations can show program correctness. With a program
that is not well defined, reduce the program to a simple case with all randomness
eliminated, or compare the program to a real-world system in operation. This comparison
to a real-world system is termed “face-validity.” Face validity does not guarantee that the
model and the real-world system will ppgd in the same manner whengraeters are
varied.

1.4.7 Conduct Experiments

Once a model has been validated, itis ready for experimental use. The experiments should
have been designed at the articulated stage (paragraph 1.4.1). From the experiments the
model will usually have to be modified. Use existing techniques, as necessary, to control
the experiments, replicate the runs, reset the random sequences for comparisons under
identical situations, and to isolate random processes to reduce correlation.

1.4.8 Analyze the Results

During the planning stage decide which performance measures best describe the
phenomena under study and the best ways for presenting the results. SIMSCRIPT Il.5
includes features for automating the collection of performance information and for
displaying it in a natural manner.

1.5 Manual Contents

This manual teaches simulation and modeling principles in the context of SIMSCRIPT II.5.
Chapter 2 presents a simple modeling task. The concepts of processes and resources are
presented and applied to a model. There is a step-by-step walkthrough of the model’s
execution. Subsequent chapters present more and more complex models.

There are many common modeling situations which at first glance seem formidable or
beyond the capability of the language, but are really quite simple to handle. The approach
to handle these situations will be presented in the examples.

One of the unique features of SIMSCRIPT II.5 is that it gives you the ability to change the
basic constructs of the language. Early examples use the default constructs, but later
examples show you how you have the freedom to increase the usefulness of the language.
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2. Elementary Modeling Concepts

2.1 Model Structure

Simulation models exhibit many common properties. Every model has the following three
ingredients:

* A mechanism for representing arrivals of new objects
» Arepresentation of what happens to the objects within the modeling system
* A mechanism for terminating the simulation.

The arrival of new objects into the system from the external world is usually independent
of what happens within the system. This process can be characterized by describing the
number of objects that arrive simultaneously and specifying the time between arrivals.
Two common methods for modeling this situation are:

1. Data is supplied as an explicit sequence of arrivals.

2. Sampling is from a stochastic process each time an arrival “occurs” in order to
determine the time delay between that arrival and the next.

This latter method can use arbitrary distribution functions for the representation of time
delays. These may range from a constant delay to uniform delays to exponentially
distributed delays with a specified mean. Refer to chdg@rmore details. Many arrival
processes may be superimposed on a system model.

The primary focus of the modeling effort is the representation of what happens to the
objects within the modeled system. It is natural to focus on one object at a time and to
describe its interaction with other objects. For example, objects may compete for scarce
commodities, leading to queueing or preemption or balking (i.e. “giving up” without
receiving whatever service was expected).

Finally, a model must be provided with a means of termination. There are two primary
methods of model termination. The first is the planned-termination-time method, in which
the termination is scheduled for a definite simulated time regardless of what else might be
happening in the model. The second method allows everything in the model to come to
rest. Either method can be used effectively. Models of the same system might use one
method or the other, depending on the goal of the simulation.

As an example of the difference between the two methods, consider a model of a
commercial system such as a bank or gas station. In the first method of termination, you
would stop the simulation at the predetermined time and report the results. In the second
method, you would stop the arrival mechanism at a predetermined time but allow the model
to complete all started or pending activities. For example, in the bank, a guard closes the
door to new arrivals at closing time, but people already inside are permitted to finish their

transactions before the tellers close their windows.

11
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2.2 Process Concept

In SIMSCRIPT I1.5 the notion of a process is used as timgmy dynamic object. A
process represents an object and the sequence of actions it experiences throughout its life
in the model. There may be many instances (or copies) of a process in a simulation. There
may also be many different processes in a model.

A process object enters a model at an explicit simulated time, its “creation time.” It
becomes active either immediately or at a prescribed “activation time.” From then on, the
description of its activity is contained in the process routingaro&ess routine may be
thought of as a sequence of interrelated events separated by lapses of time, either
predetermined or indefinite.

Predetermined lapses of time are used to model such phenomena as the service time
(deterministic or stochastic), whereas indefinite delays arise because of competition
between processes for limited resources. In this latter case processes will automatically be
delayed until the resource is made available to them.

At each (re)activation of the process routine, it may execute statements representing
changes to the system state. The process routine may test for system conditions and take
alternative courses of action.

Processes interact either implicitly (for example, through resource competition) or
explicitly (through executing statementsdctivate , interrupt , orresume one
another).

2.3 Resource Concept

Resources are the passive elements of a model. A resource is used to model an object which
is required by the process objects. If theouese is not available when required, the
process object is placed in a queue or waiting line and made to wait until tlecees
becomes available.

A resource becomes available when the process holding it “relinquishes” it. The first
process object in the queue is then given theureg and reactivated. If a megce is
relinquished when no process object is waitiogit, it is merely made ailable to be
allocated when requested.

The simplest form of a resource consists of a single “unit” of a single type. For example,
a one-teller bank or a single-runway airport might be modeled in this manner. To expand
to multiple resources in the model, there are three alternatives:

1. Add more identical units of the resource. They are identical in the sense that they
are indistinguishable and they serve processes from a single queue.

2. Add more separate units of the resource. These are isolated from the other units in
that they have separate queues of processes waiting for them and are reallocated
only to those processes that have specifically requested them.

12
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3. Name different resources. Both alternatives 1 and 2 will apply equally well to both
of these new resources.

Other capabilities of resources will be illustrated in subsequent examples. For instance, it
IS not necessary to request single units of a resource. Multiple units may be requested and
relinquished collectively or individually. Further, the queueing for resources by default is
first-come-first-served, but can be prioritized by various criteria.

2.4 Program Structure
A SIMSCRIPT I1.5 program consists of three primary elements:

* A preamble giving a static description of each modeling element
* A main program where execution begins
» A process routine for each process declared iprissmble .

2.4.1 Preamble

The first section of any SIMSCRIPT I1.5 program ispheamble . It is purely declarative
and includes no executable statements. All the modeling elements (processes and
resources) must be named in theamble .

Drawing an analogy between constructing a SIMSCRIPT II.5 model and writing a play, the
preamble would be like the cast of characters, which describes their static features and
lists all the props they might use, but does not describe how or why they might interact.

Other declarations can be made in preamble . These include changing background
conditions, specifying data structures other than processes and resources, and listing
performance measurements.

2.4.2 Main

Execution of a SIMSCIPT 1.5 program begins with the first statement imtie
program. Several steps in timain program are necessary for a simulation.

Resources must be created and initialized before they can be used by processes. This is
usually accomplished imain .

SIMSCRIPT IL.5 requires that something be awaiting execution before a simulation
commences. This is done by activatinigiah processes imain .

A simulation begins when control passes to a system-supplied timing routine. This is done
by executing thatart simulation statement.

Any statements following th&art simulation  statement will not be executed until the
simulation has terminated (by running out of things to do, i.e., coming to rest). At this point
final reports can be produced and a new simulation can be run.

13
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2.4.3 The Timing Routine

The timing routine is at the heart of discrete-event simulation. From a programming
perspective, this is theutine that ties the entire collection of processes together. The
timing routine is transparent to the model builder. Let us define an “event” as a pending
(re)activation of a process. Then the timing routine is as shown in figure 2-1.

START SIMULATION

ANY
PROCESSES
ON PENDING |
LIST? NO

Yes
v

SELECT PROCESS

WITH EARLIEST

(RE)ACTIVATION RETURN
TIME

!

UPDATE CLOCK TO
TIME OF EVENT

l

DETERMINE TYPE
OF PROCESS

l

REMOVE PROCESS
FROM PENDING LIST

L

EXECUTE PROCESS
ROUTINE

Figure 2-1. Basic SIMSCRIPT II.5 Timing Routine

As can be seen from the figure, processes must be on the pending list prior to entry into this
routine or the simulation will terminate immediately. It is natural to assume that the
execution of one process will (or may) activate other processes and thus perpetuate this
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sequence for some time. Termination will occur either for the algorithmic reason shown in
the figure or because some process executep astatement.

2.4.4 Process Routines

Each process declared in the progmraeamble must be further described by a process
routine. The names of the process object and process routine are identical. Continuing our
analogy with play writing, a process routine is like the script for a single character. Or, if
several characters do very similar things, we might think of the process description as a
prototype description into which we plug different parameters.

From a programming point of view, the process routine embodies the logic description of
a process, telling what the process object does under all circumstances. Information
pertinent to each process-instance is stored with the process notice telling, for example, the
values of local variables in the routine, the time at which the prooesise will next
reactivate, the resources the process currently holds, and the reactivation point for the
process-instance (a line number in the source code).

2.5 Example 1. A Simple Gas Station

To solidify these concepts, let us construct a simple model and implement it in SIMSCRIPT
I1.5.

Consider a small, full service gas station where customers arrive randomly, queue up for
service, receive service, and leave. Our goal might be to determine the effects of adding or
deleting gas pumps or attendants from the system. For the moment, however, our real goal
is merely to construct and execute a very simple SIMSCRIPT I1.5 model.

To introduce randomness, assume that we have a source of uniformly distributed random
numbers for which we can establish bounds. In SIMSCRIPT II.5 this is referenced as
uniform.f . This function has three parameters: the lower bound, the upper bound, and a
random number stream. Each time the function is executed, a new sample from the interval
is computed. Refer to chaptéfor the details on representing random phenomena.

The customers are modeled@ecesses. Customers arrive, request service, wait if no
server is available, occupy the server for awhile, and then depart. For this model, it is
sufficient to model the attendant (server) as a resource.

This program will be discussed in two phrases: first, a walk-through of the SIMSCIPT I1.5
code presented in figure 2-2; and second, a walk-through of the sample execution is
presented in Example 1.
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" EXAMPLE 1 A SIMPLE GAS STATION MODEL

preamble
processes include GENERATOR and CUSTOMER
resources include ATTENDANT

end

OO WNPE

main
create every ATTENDANT(1)
let UATTENDANT(1) =2
activate a GENERATOR now
start simulation

end

O WNPE

process GENERATOR
for 1 =1 to 1000,
do
activate a CUSTOMER now
wait uniform.f(2.0, 8.0, 1) minutes
loop
end

~No b wN R

process CUSTOMER
request 1 ATTENDANT(1)
work uniform.f(5.0, 15.0, 2) minutes
relinquish 1 ATTENDANT(1)

end

g~ ownN -

Example 1. A Simple Gas Station Model

Each segment of a SIMSCRIPT program begins with a keyword and ends weitidl an
statement.

In the preamble , two processes are declaredz; BNERATOROf new customers) and the
CUSTOMER The ATTENDANTS) are modeled as a resource since a resource can be
described passively.

In themain program the initialization of resirceATTENDANTis accomplished by the
create every statement, in which the number of “kinds” (or subgroups) of attendants is
specified as one, and by the assignment statefaent,. in which an automatically
defined variable&J ATTENDANTIs initialized to specify two units of attendant resources.
That is, there are now two identical attendants who draw customers from a single queue.
Theactivate  statement creates a process object c8IENERATORNd places it on the
pending list with an immediate time of activatioro). Start simulation  passes
control to the timing routine. Note that without this statement, no processes would ever be
executed! Finally, in this model, when control returns from the timing routine (because all
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processes are complete), control will pass immediately out of the program and back to the
operating system. No outputpsoduced from this model. An output will be added in
paragraph 2-6.

Eachprocess is described as a separate routine which begins witbcass statement
naming the process. This name must cpoad to one of the processes named in the
preamble .

The processSENERATORoONtains a sequence of two statements, which are executed
repetitively under the control of a simple iteration phrase | = 1 to 1000. The
statementgo andloop delimit the scope of thier phrase. That is, statements between

a pair will be executed 1000 times before the loop control logic is satisfied. Within the
loop, the two statements create a new customer process object and place it on the pending
list with an immediate time of activation. Then thait statement puts theENERATOR
process object back on the pending list with a new reactivation time. The new time is
determined by first drawing a sample from the population of real numbers between 2: and
8; (uniformly distributed), and then adding that value to the current “clock” time.

The proces€USTOMEHescribes everything that happens to a customer from the time of
arrival to the time of departure. This is very simple in this example. The customer requests
an ATTENDANT If neitherATTENDANTIis available, theCUSTOMERrocess object is
automatically placed on a list of objects waiting for the attendants. By default this list is
ordered as “first-come-first-served.” The process is then suspended until this “blocking”
condition (no availablATTENDANT is alleviated.

When anATTENDANTis available, one is assigned to tGidSTOMERNd theCUSTOMER
executes thevork statement, which operates identically towlaé& in GENERATOBXcept

for the difference in distribution parameters. Finally, when the customeaicis/ate  d
after a period representing his service, AT@ENDANTIs relinquish  ed, either to be
made available (if n€USTOMERare waiting) or to be allocated to the fitstSTOMER

the queue. This allocation automaticatyactivate s the otheiCUSTOMER~ho will
then execute hiwork statement. The preseDtf STOMERS finished, so his process object
is automaticallydestroy ed and no trace remains of his ever having been in the system.

In Example 1, the detailed execution is traced using the following notation:

[Pi,nt ] represents the " instance of procesB ready to
resume execution at limeat timet . CUSTOMERIN
gueue have a time designated to indicate that the
time is unknown.

The progress of the program may be read from Example 1 in the following way. The
current process is executed at its reactivation time and line. It continues executing, line by
line, until it either encounters a delay (unavailalsl@ ENDANTr work/wait  statement)

or successfully completes execution. The system status recorded on the remainder of the
line is after the process has progressed as far as possible without a time advance.
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AFTER Current Process Executes

Time Current Available Customersin Pending Processes
Process Attendants Queue 9
0.0 [AT START 2 none [G 41.1,0.0]
SIMULATION]
0.0 [G ,,1,0.0] 2 none [C 1,1,0.0]
[G1.,6,7.547]
0.0 [C ,,1,0.0] 1 none [C 1,4,6.847]
[G1,6,7.547]
6.847 [C ,,4,6.847] 2 none [G 1,6,7.547]
7.547 [G 1,6,7.547] 2 none [C 2,1,7.547]
[G1,6,10.617]
7.547 [C ,,1,7.547] 1 none [G1,6,10.617]
[C2,4,14.400]
10.617 [G 1,6,10.617] 1 none [C 3,1,10.617]
[G1,6,14.073]
[C,,4,14,400]
10.617 [C 5,1,10.617] 0 none [G 1,6,14.073]
[C,,4,14.400]
[C3,4,24.367]
14.073 [G ,1,6,14.073] 0 none [C 4,1,14.073]
[C,,4,14.400]
[G1,6,21.932]
[C3.,4,24.367]
14.073 [C 4,1,14.073] 0 [C 43* [C ,4,14.400]
[G1,6,21.932]
[C3,4,24.367]
14.400 [C ,,4,14.400] 0 none [C 4,3,14.400]
[G4,6,21.932]
[C3,4,24.367]
14.400 [C 4,3,14.400] 0 none [C 4,4,20.143]
[G,,6,21.932]
[C3,4,24.367]
20.143 [C ,4,4,20.143] 1 none [G 1,6,21.932]

[C 5.,4,24.367]

Example 1. Detailed Trace of Execution
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For example, the one instance of the generator pra8gss, the first current procesg,

1, 0.0]. After it has executed lines 1-5 of its process source code, the available
ATTENDANS andCUSTOMERIN queue are unchanged but two processes are now pending,
the first CUSTOMER enter the system (at time zero) and@EERATORself which has
drawn a first interarrival time delay of 7.547 minutes. It is important to observe the
sequence in which these actions occur. In particular, let us clarify the meanow aif

the time of activation. TheUSTOMERrocess activategbw in the GENERATO#® placed

on the pending list and theéENERATORrocess continues to execute until it, itself, is
delayed (i.e., placed on the pending list) due to the executionwéihestatement. Thus,

now means “as soon as control returns to the timing routine for next event selection.”

Observe what happens when a process requests a resource of which no units are available.
In Example 1 this occurs at time 14.073 wl@nis the current process. The process is

placed on the “CUSTOMERS IN QUEUE” list. At this time it is not known when the
resource will become available. This is represented by an asterisk in the time position.

When the resource becomes available, in the exampl€,a4,[14.400 ], itis
immediately reallocated and the waiting procesg) (s moved from the queue to the
pending process list. Notice thatdf were to now re-request &TTENDANTC, would

be put on the CUSTOMERS IN QUEUE list, because the resource is no longer available.

2.6 Adding Performance Measurements

Two measures that are commonly desired for this type of model are statistics on the queue
(average, variance, maximum, etc.) and the utilization of the resources. These can be easily
obtained in SIMSCRIPT I1.5 by using tlaecumulate statement. Thaccumulate

statement provides you with a simple means of specifying which measurements are desired
without requiring detailed specification of the method of measuremenacomulate

statement is placed in tpeesamble . As the variable of interest changes during the course

of the simulation, the system automatically captures the pertinent information.

For example, consider the variable plotted in figure 2-3. This might represent queue length
in our example.
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VARIABLE

i

Figure 2-2. Time-Dependent Statistics

TIME

Measurements of interest on this variable are time-dependent. The average value of the
variable, for example, depends on how long the variable remains at a certain value.

Two more automatically defined variables are available for use in our measurement task.
Associated with each rearce are counters indicating how many requests are currently
being enqueued. As with the number of units variable, the names of these variables are
derived from the name of the resource. TheyNaxeresource  andN.Q.resource
respectively.

To display the results theint  statementis introduced. Thent statement consists of
three parts: the keywomtint and a specification of the number of lines of output to be
produced from a single execution of thatement, a list of variable to be printed, and
finally, a format or “picture” of output to be produced. This picture consists of text material
to be printed verbatim, together with formats for the numerical data. There must be a one-
to-one correspondence between elements in the list of variables and the formats. A
numericalformat is composed of a sequence of asterigkls at most, one period. The
number of asterisks after the decimal point governs the number of significant digits to be
printed, with automatic rounding in the last position. The number of asterisks before the
decimal point determines the maximum value that can be printed. However, automatic
provision is made for blanks immediately preceding such a format to be treated as asterisks.
Provision is also made for automatically detecting any overflow condition.

Example 1A contains the completed program, including provision for measuring queue
length andATTENDANTUtilization and for reporting these results. It should be observed
that the only changes to the model from figure 2-2 are the addition afctwenulate
statements in thpreamble and theprint statement imain. The value printed as
utilization of theATTENDANS is the average value NfX.ATTENDANT(1) divided by

two, since the number of bugé TENDANS ranges from zero to two and it is desired to
report their utilization as a percentage of possible utilization.

20



Chapter 2. Elementary Modeling Concepts

The placement of thegrint  statement after thstart simulation in main causes the

output to be produced only after all processes activated in the model have terminated.
statement after thiwop statement in the
GENERATORrocess. This would have the effect of not including the wrap-up operation
(i.e., serving customers after the door has been closed to new customers.)

Another possibility is to place theint

The results produced by executing the program in Example 1A are illustrated in Example

1A Output.
1 " Example 1 A Example 1 with Performance Measurements Added
2
3 preamble
4 processes include GENERATOR and CUSTOMER
5 resources include ATTENDANT
6 accumulate AVG.QUEUE.LENGTH as the average
7 and MAX.QUEUE.LENGTH as the maximum
8 of N.Q.ATTENDANT
9 accumulate UTILIZATION as the average of N.X.ATTENDANT
10 end
1 main
2 create every ATTENDANT(1)
3 let U ATTENDANT(1) = 2
4 activate a GENERATOR now
5 start simulation
6 print 4 lines with AVG.QUEUE.LENGTH(1), MAX.QUEUE.LENGTH(1),
7 and UTILIZATION(1) * 100. / 2 thus
SIMPLE GAS STATION MODEL WITH 2 ATTENDANTS

~NOoO b~ WNBRE

O~ WNPEF

AVERAGE CUSTOMER QUEUE LENGTH IS * ***

MAXIMUM CUSTOMER QUEUE LENGTH IS *

THE ATTENDANTS WERE BUSY **.** PER CENT OF THE TIME.
end

process GENERATOR
for 1 =1to 1000
do
activate a CUSTOMER now
wait uniform.f(2.0,8.0,1) minutes
loop
end

process GENERATOR
request 1 ATTENDANT(1)
work uniform.f(5.0,15.0,2) minutes
relinquish 1 ATTENDANT(1)

end

Example 1 with Performance Measurements Added
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SIMPLE GAS STATION MODEL WITH 2 ATTENDANTS
AVERAGE CUSTOMER QUEUE LENGTH IS 7.809
MAXIMUM CUSTOMER QUEUE LENGTH IS 21
THE ATTENDANTS WERE BUSY 98.64 PER CENT OF THE TIME.

Example 1A Output

2.7 A Slightly More Complicated Example

One of the goals in modeling is to explore alternatives in design. This may entail including
more (or less) detail than originally anticipated, changing numerical data in the model, or
including more measurement requirements. To illustrate the ease of doing this in
SIMSCRIPT I1.5, the model will be modified as follows:

a. Customers choose whether they require premium or regular gas. They must wait
for the proper pump to become available. Let us arbitrarily assume that 70% require
premium and 30% require regular. Initially, we will arbitrarily have one regular
pump and three premium pumps.

b. An attendant is not required until the pump is available. The attendant starts the
pump and then is free until the pump stops. He is then required in order to complete
the service.

c. The queues and utilization for the attendants and two types of pumps will be mea-
sured.

Example 2 shows the program modified to incorporate these features. The program shows
three features of SIMSCRIPT I1.5 not used previously:

* define to mean
* |ocal variables
» simple decision logic

2.7.1 Define to Mean

In the interest of improved readability of programs, SIMSCRIPT 11.5 allows you to
substitute a character string for a single word, and thus to develop your own vocabulary or
shorthand notation. The general form of the statement is:

define  WORM mean STRING
A constraint is thaSTRINGmMust be confined to a single input record.

In the example this feature allows mnemonic values for our pump resource subscripts
(.REGULARoOr .PREMIUM). Itis purely a style convention in this example to have every
define to mean symbol begin with a period.
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"EXAMPLE 2 A MORE ELABORATE GAS STATION MODEL

1
2
3 preamble

4 processes include GENERATOR and CUSTOMER

5 resources include ATTENDANT and PUMP

6 accumulate AVG.ATTENDANT.QUEUE.LENGTH as the average
7 and MAX.ATTENDANT.QUEUE.LENGTH as the maximum

8 of N.Q.ATTENDANT

9 accumulate UTILIZATION as the average of N.X.ATTENDANT
10 accumulate AVG.PUMP.QUEUE.LENGTH as the average

11 and MAX.PUMP.QUEUE.LENGTH as the maximum

12 of N.Q.PUMP

13 accumulate PUMP.UTILIZATION as the average of N.X.PUMP
14 define .REGULAR to mean 1

15 define .PREMIUM to mean 2

16 end

main
create every ATTENDANT(1)
let UATTENDANT(1) =2
create every PUMP(2)
let U.PUMP(.REGULAR) =1
let U.PUMP(.PREMIUM) = 3
activate a GENERATOR now
start simulation
print 10 lines with AVG.ATTENDANT.QUEUE.LENGTH(2),

O©CO~NOOTA~WNPE

10 MAX.ATTENDANT.QUEUE.LENGTH(1),

11 UTILIZATION(1) * 100. / U.ATTENDANT(1),

12 AVG.PUMP.QUEUE.LENGTH(REGULAR), MAX PUMP.QUEUE.LENGTH(REGULAR),
13 PUMP.UTILIZATION(.REGULAR) * 100. / U.PUMP(.REGULAR),

14 AVG.PUMP.QUEUE.LENGTH(.PREMIUM), MAX.PUMP.QUEUE.LENGTH(PREMIUM),
15 PUMP.UTILIZATION(.PREMIUM) * 100. / U.PUMP(.PREMIUM) thus

SIMPLE GAS STATION WITH TWO ATTENDANTS
AND TWO GRADES OF GASOLINE
AVERAGE QUEUE WAITING FOR ATTENDANTS IS *.*** CUSTOMERS
MAXIMUM * “ “ “ *
THE ATTENDANTS WERE BUSY *** PER CENT OF THE TIME.

THE QUEUES FOR THE PUMPS WERE AS FOLLOWS:

GRADE AVERAGE MAXIMUM UTILIZATION
REGULAR * Kk * * ** PERCENT
PREMIUM * Kk * * ** PERCENT
16 end

Example 2. A More Elaborate Gas Station Model
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process GENERATOR
for 1 =1 to 1000
do
activate a CUSTOMER now
wait uniform.f(2.0,8.0,1) minutes
loop
end

~No b wN R

process CUSTOMER
define GRADE as an integer variable
if random.f(3) > 0.70,
let GRADE = .REGULAR
else
let GRADE = .PREMIUM
always
request 1 PUMP(GRADE)
request 1 ATTENDANT(1)
10 work uniform.f(2.0,4.0,2) minutes
11 relinquish 1 ATTENDANT(1)
12 work uniform.f(5.0,9.0,2) minutes
13 request 1 ATTENDANT(1)
14 work uniform.f(3.0,5.0,2) minutes
15 relinquish 1 ATTENDANT(1)
16 relinquish 1 PUMP(GRADE)

O©CoOoO~NOULD WNPE

Example 2. A More Elaborate Gas Station Model - Continued

SIMPLE GAS STATION WITH TWO ATTENDANTS
AND TWO GRADES OF GASOLINE
AVERAGE QUEUE WAITING FOR ATTENDANTS IS .138 CUSTOMERS
MAXIMUM “ “ “ 2
THE ATTENDANTS WERE BUSY 69.93 PER CENT OF THE TIME.

THE QUEUES FOR THE PUMPS WERE AS FOLLOWS:

GRADE AVERAGE MAXIMUM UTILIZATION
REGULAR: 1.237 8 79.94 PERCENT
PREMIUM: .084 3 70.74 PERCENT

Example 2. Output

24



Chapter 2. Elementary Modeling Concepts

2.7.2 Local Variables

The variables used so far have been global in scope. That is, the same variable can be
referenced from anywhere in the program. For example, the valdai#ENDANTwas
initialized in main and modified in the execution of thequest andrelinquish

statements in the proceS8STOMER

It is sometimes necessary to define variables which are private to a particular process, or
even more specifically, to an individual instance of a process. This is accomplished by

defining local variables in the body of a process. For example, in the model, it is necessary
that each customer “remember” which grade of gasoline they want, so that when they have
been served they can relinquish the proper pump. This is accomplished by defining the
variableGRADEwithin the procesSUSTOMER

2.7.3 Simple Decision Logic

The final new concept introduced in this model is thiéitalio alter the flow of control
explicitly in the program logic. The statementis used to describe two alternative courses
of action. The form of the statement is:

if logical test

group of statements 1
else
group of statements 2
always
and it is executed in this manner. Tbeical test Is evaluated. It will be either true

or false. If it is truegroup of statements ; will be executed androup of
statements ,will not. If thelogical test is false, onlygroup of statements , will
be executed. In either case the statements which follow theavays are executed.

In this example, this construct is used to randomly select the grade of gasoline for each

customer.Random.f(i)  is a function that uses thé random number stream to return a
value sampled from the popmtion unformly distributed between 0 and 1. This value
should be less than 0.70 seventy percent of the time, corresponding to our estimates of the
number of customers who use premium grade.

The results from executing this model are displayed in Example 2 Output. This more
realistic model shows the breakdown of congestion between pump demands and attendant
demands. However, the data are purely fictitious and no significant conclusions should be
drawn without more analysis of the situation.

2.7.4 Concluding Remarks

This chapter has introduced many of the modeling concepts supported by the SIMSCRIPT
II.5 language. Many problem areas can be addressed by analogy to the models presented.
About 25% of the statements of the language have been illustrated. But, almost without
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exception, each of the statements has more complex forms or alternative applications.
Succeeding chapters go into much more detail. The chapters will show how these
constructs may be elaborated upon in some instances and dissected in others, for purposes
of greater understanding or for use in nonstandard applications.

For those readers who desire a more formal treatment of the language than this tutorial
permits, AppendiXA contains a formal syntax of all the statements of the SIMSCRIPT 1.5
language. Appendi® summarizes the coding and style conventions used in the examples.
AppendicesC andD give all the particulars about system-defined variables, functions, and
routines.
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3. Modeling Individual Objects

3.1 Attribute Concept

In Chapter 2 the system was modeledhaiit the need to identify individual copies of
objects explicitly. Objects often must be described in more detail. Processes and resources
can be given attributes. In fact, some attributes of resources were used in Chapter 2.
However, these attributes were definedHay system . The number of units of a resource,

the number of outstanding requests, and the number of currently satisfied requests are all
contained in attributes of a resource. You may add as many attributes as you choose to
characterize the resources adequately.

For example, instead of remembering that the FitgtIPsubgroup is for regular gas and the
second is for premium, you may choose to have a tyg&aDEttribute. In addition, you
might wish to keep track of the remaining reserve of &RADE To add these features
write:

resources
every PUMP has a GRADE

When space is allocated for this resource, the data structure can be represented as shown in
figure 3-1.

create every PUMP (3)

U.PUMP

N.X.PUMP

N.Q.PUMP

GRADE

Figure 3-1. Pump Resource Data Structure

Each column in the figure represents the storage for the attributes of a different pump
group.

Two more variables are automatically associated with each resource. One is a variable with
the same name as theaasce; the other is a variable whose name is deifinged the
resource name by prefixingl*”. N.resource is used as a reference to a particular object

(or column in figure 3-1). Thus, in the exampl®UMPhas a value of 3, taken from the
create statement. The initial value of all SIMSCRIPT variables is zero. Therefore,
before using the variabRUMRve must initialize it to a valid value—in this case 1, 2, or 3.
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We use the entity name like a subscript and refer to specific attribueEsAdsE(PUMP)r
“grade of pump.”

3.2 Variables

Several SIMSCRIPT 1.5 variables have been used in previous examples without a precise
definition of their characteristics. These variables will now be given definitions of their
characteristics.

SIMSCRIPT IL.5 variables are of numerous types. Attributes, reference variables, and
simple variables are only a few of the types available, but they will suffice to introduce the
concepts.

Variables are either global or local in scope. A global variable must be defined in the
programpreamble . If a variable is not explicitly defined anywhere, it becomes a local
variable by default, provided that it is used in proper context.

All variables have a mode which may inéeger, double ,real, alpha , ortext .
Double is the background or default mode. That is, if a variable is defined implicitly or
even explicitly without specifying a mode, it assumes the background mode. The
background mode may be changed by use of the statement:

normally, mode is mode

If this statement appears in theamble , it has the effect of changing the background for
the remainder of thereamble and all programs compiled with thesamble . It may, of
course, be superseded by subsequemhally statements. If aormally statement
appears in an individual routine, it applies only to variables in that routins.better
programming practice to define every variable explicéhd not to ely on the system
defaults.

3.2.1 Global/Local Conflicts

A variable which is defined in th@eamble (and is thus global) may also be defined
explicitly in an individualroutine. When this is done, the global variable is effectively
excluded from use in that routine. This is particularly useful ilaisg or eliminating
“side effects” of the execution of routines. This will be illustrated in figure 3-4.

A variable is initialized to zero automatically when the storage for the variable is allocated.
For a global variable, this occurs at the beginning of the execution of the program. For a
local variable in a routine or process, the local variable is allocgied entry into the

routine. Local variable storage remains allocated until the routine “ends.” For a routine
this means at the execution ofedurn statement. The execution pfocess delaying
statements does not cause local storage to be deallocated. The local storage for a process
remains allocated until the process is finally completed. Note that this method of storage
allocation providegach copy of grocess with its own local storage and also permits
recursive calls of routines.
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3.2.2 Naming of Variables

You have great freedom in naming variables. The only restriction on name length is that it
must be contained within a single record of input to the compiler. A single record is
typically 80 characters. The SIMSCRIPT I1.5 keywords are not reserved words and thus
may be used as variable names. However, this feature should not be used, because it creates
unreadable programs. A variable name is any sequence of letters, digits, and periods that
does not form a number. ABC, NO.OF.CUSTOMERS, 4F, 5.12.38, 1E6 and ABC... are

all valid names. 1., 567, 2+2 and 5.12 are not valid names. They are numbers or
expressions. The compiler drops terminal periods in names. Thus, ABC and ABC... are
representations of the same variable name.

SIMSCRIPT II.5 contains many predefined variables and constants, as well as
automatically generated variables. They are named as shown in table 3-1.

Table 3-1. Naming Conventions for Variables

Category Form Examples Meaning
Constants name.c pi.c T
Variables NAME.V TIME.V simulation clock
HOURS.V number of hours/day
Functions name.f sqrt.f square root
uniform.f uniform random deviate genera-
tor
Generated letter.name  u.pump units attribute of a resource
Attributes n.g.pump number in queue for a resource

By SIMSCRIPT II.5 language rules, system names (of the feANE.LETTER and
generated names (of the folrBTTER.NAME are usednly for purposes defined by the
language implementation. Appendixdescribes the system names.

3.3 Arithmetic

SIMSCRIPT I11.5 uses the usual operators and precedence rules. Parentheses are used to
change the order of evaluation, forcing evaluation of expressions within parentheses before
using the result in outer expressions. There is no limit to the length of an expression or the
depth of nesting of parentheses. For example,

let A = B+D/(C-E*F)**2

is evaluated as follows:
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Multiply E by F.

Subtract the product from
Square the difference.
Divide D by the result 08.
AddB.

Store the result i\

o gk wnhN e

3.4 Data Input

Models are usually constructed to perform parametric studies. Typically, a wide range of
values need to be tested and the specific values or sequence of values are not known a
priori. Rather than build constant values into a model and then require recompilation each
time one value needs to be changed, it is common practice to provide for parameters to be
changed at the time of execution of the model, without change to the source code. The free-
formread statement is used for this purpose.

read X, N.TELLER, U.PUMP (1)

Theread statement consists of the keywesdd followed by a list of variables separated

by commas. The format of the data is not specified in the statement but rather is implied
by the language. The implied format is that a sequence of data fields will be read
corresponding to the variables in tlead statement.

A data field is a sequence of non-blank characters. Itis terminated by either a blank or the
end of arecord. A singlead statement may use several records to satisfy its input data
requirements. Aead statement does not automatically start a new record. Thus, if
successiveead statements are executed, the first one might read several entire records and
part of one more. The secorehd will read any data fields on the current record before
starting a new record.

If there is disagreement between the mode of the data field and the mode of the variable,
conversion will be made automatically where the conversion is permitted. The allowable
conversions are shown in figure 3-2.
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Variable Mode

Integer Real Alpha Text

Form O Integer Integer Real Alpha Text
Da;)alc B Real X Real Alpha Text
B Characters X X Alpha Text

where X denotes an error condition.

Figure 3-2. Input Data Mode Conversions

The mode of an input data field is determined in the following manner:

1. A sequence of digits, possibly including a preceding sign, is regardedgas

2. A sequence of digits (that may have a sign) with a decimal point is regarded as
real . In addition, scientific notation is recognizedes . It consists of &al
representation plus an exponent in the form:

SXXXXESXX

wheresS represents an optional sign,
X represents a digit, and

E is an optional separator between fraction and exponent (Eitihéhe sign
of the exponent is required).

3. Anything else is regarded asapha ortext mode string.

3.5 Program Control Structures

There are several statements in SIMSCRIPT I11.5 for altering the flow of program control.
Theif statement in its most general form was used in figube and a simple loop
structure was used to control the generation of new customers.

3.5.1 IF Statement

Sometimes the full structural power of the statement is not needed to describe a
branching condition. For example, when a block of statements is executed conditionally,
but no alternative is needed other than to execute those statememrise thean be
omitted. For example,

if STATUS = BUSY
add 1 to BACK.LOG
always
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On the other hand, the first path may end with an unconditional transfer of control such as
stop orreturn . Inthis case, the alternative is the remainder of the routine ahdays

is needed.Thealways should not be included in this cass, it may cause anothiér
structure to be terminatedft. structures can be nested to any depth.

if BACK.LOG =0
let STATUS = IDLE
return

otherwise

3.5.2 Looping

The indexedor phrase used previously for simple counter control can also be applied to
a resource entity in the following manner:

for each resource
is equivalent to:
for resource = 1to N.resource

In this exampleresource is a defined resource entity. This illustrates that the variable
associated with each resource is incremented over its range of valid values from one to the
number of subgroups of the resourla¢source ). An alternative form of this phrase is:

for each resource called name
which is equivalent to:
for name= 1 to N.resource

It is often desirable to be selective in this searching operation. For this purpose it is possible
to build into the control structures phrases for specifying conditions which must be met
either to include or exclude a certain case, or conditions for continuing or terminating the
search.

The logical comparisons that may be used in these phrases are the same as those used in the
if statement. They include:

equality = eq
inequality - = ne
less than < It
greater than > gt

and combinations of these. For program reditgpa large collection of syonyms is
available. See Appendi.
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Each logical expressionilvbe evaluated to a true or false value. In addition to these
simple expressions, compound expressions may be composed by using the logical
connectivesand, or , and parentheses. For example, you might need a certain combination
of attribute values on a resource to exist before the resource is of use.

For example,

for each PUMP
with GRADE(PUMP) = DESIRED.GRADE
and RESERVE(PUMP) >= 10.0

find the first case

specifies a search over all tReMPresource subgroups, looking for the first one that has a
GRADEattribute whose value matches a desired grade, and simultaneously has a value
greater than or equal to 10 in its reserve attribute.fifithe statement causes the search to
terminate on the first success. It may be followed, optionally, by astatement to
determine the outcome. The format of this statemeitisund , or alternatelyif none.

Sometimes the search is for the maximum or minimum over all the subgroups. In this case,
thecompute statementis used in place of firel statement, since it is necessary to look

at all cases before ascertaining thatrtfagimum or minimum has indeed been found. As

an example,

for each TELLER,
compute SHORTEST.QUEUE.LENGTH
as the minimum of N.Q.TELLER(TELLER)

will examine theN.Q.TELLER attribute of each subgroup DELLERs and records, as the
value of the variablSHORTEST.QUEUE.LENGTHheminimum value of this attribute
among all therELLER subgroups.

Often, itis not the value of the variable that is important, but rather the index corresponding
to the value that maximizes or minimizes the variable. To record the index, a slightly
different form of the statement is used:

for each TELLER,
compute SHORTEST.QUEUE
as the minimum(TELLER)
of N.Q.TELLER(TELLER)

This is interpreted as “Examine the value of the length attribute offéadiER queue and
record INSHORTEST.QUEURhe value of the indeXELLER for which this variable is a
minimum.”
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3.6 Representation of Time

We have used time expressions in our simulation models without precisely describing the
representation of time internally to the system. The SIMSCRIPT II.5 simulation “clock” is
a system-defined, real variable callBdE.V .

Initially, TIME.V has a value of zero, although it may be initialized to any starting value.
The default units for time are days. If time expressions are giveouirs lor minutes,
appropriate adjustments are made using two system-defined varidble®.vand
MINUTES.V. The default values for these variables are 24 and 60, respectively, indicating
the expected conversions of 24 hours per day and 60 minutes per hour. You may change
these values to represent, for example, an eight hour day.

In combination with thelefine to mean feature, the entire time domain may be easily
changed. For example, in modeling computer systems it is often convenient to represent
times in units of seconds, milliseconds, and microseconds. While these words are not a part
of the SIMSCRIPT vocabulary, they may be added as shown here:

preamble
define . SECONDS to mean DAYS
define .MILLISECONDS to mean HOURS
define .MICROSECONDS to mean MINUTES
end
main
let HOURS.V = 1000
let MINUTES.V = 1000
end

Now statements such a&it 32 .MILLISECONDS can be written. Note, however, that
the conventional meanings of days, hours, and minutes have been substantially altered!

The timing routine, as noted in Chap&rupdateSIME.V as it causes the simulation to
progress. It should be noted that any attempt to retrogress in simulated time causes a
terminal error in the execution of the model.

3.7 Time Measurements

In paragrapl2-6it was seen that it is often necessary to measure phenomena as they change
over simulated time. There are also many measures which are not time-dependent, but
rather depend on the number of samples taken. Actually, all measures could be performed
by taking samples, but using thecumulate statement is much more convenient.

Thetally statement is used with sample-based measurements. Likectimeulate
statement, it is a declarative statement appearing ipréeenble . There are many
applications of theally  statement. Many involve sampling time measurements such as
delays, actual service times, total cycle time, etc.
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Figure 3-3 illustrates an example of measuring the waiting time of the first several
customers in a system.

Waiting Time

Figure 3-3. Time-Independent Statistics

Customer Number

Notice that zero waiting times are explicitly recorded as sample values in order to be
included in the statistics.

If the default time values are used, these measurements will be recorded in units of days.
The results may be converted to hours or minutes by using the system vaifabRS.v
andMINUTES.V.

3.8 Example 3: A Bank With a Separate Queue for Each Teller

All of the features discussed so far in this chapter will now be illustrated by modeling a
bank in which customers arrive, go immediately to any available teller, receive service, and
leave. If all tellers are busy, the arriving customer joins the shortest line, and waits there
until served. While it is an unreasonable assumption that customers remain in one line
when another teller becomes available, it will give an extreme Yatusomparing this

model to the newer-style bank in which all customers form a single line to be served by the
next available teller. When jockeying is permitted, the single line is the optimum
equivalent.

The measures required are the average and maximum queues, the utilization of each
separate teller, and the mean waiting time for all customers.

3.8.1 Model Formulation

This system will be modeled using two processes and one resourcé(SERERATOR
process will inject customers into the system with an exponential distribution of interarrival
times until a pre-specified closing time. The model will terminate after all customers who
arrived before closing time finish being served. Chapfaovides details on exponential
distribution.
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The CUSTOMERrocess will contain the complete description of the actions of one
customer from arrival at the bank until departure.

The single resourc&,ELLER is used with the subgroup concept—one subgroup per
individual TELLER—sO0 as to easily accomplish the separate queueing and measurements.

Certain model parameters are explicitly defined as global variables to permit initializing
them in one programn(ain) and using them in another (proceBENERATORNd
CUSTOMER

The program listing for this example is shown in Example 3.
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1 " Example 3 A Bank With Separate Queues for Each Teller

2

3 preamble

4 processes include GENERATOR and CUSTOMER

5 resources include TELLER

6 define MEAN.INTERARRIVAL.TIME, MEAN.SERVICE.TIME,
7 DAY.LENGTH and WAITING.TIME as real variables

8

9 accumulate UTILIZATION as the average of N.X.TELLER

10 accumulate AVG.QUEUE.LENGTH as the average,

11 MAX.QUEUE.LENGTH as the maximum of N.Q.TELLER
12 tally MEAN.WAITING.TIME as the mean of WAITING.TIME
13 end

1 main
2 read N.-TELLER, MEAN.INTERARRIVAL.TIME, MEAN.SERVICE.TIME
3 and DAY.LENGTH
4 create every TELLER
5 for each TELLER,
6 LET U.TELLER(TELLER) =1
7 print 8 lines with N.TELLER, MEAN.INTERARRIVAL.TIME,
8 MEAN.SERVICE.TIME and DAY .LENGTH thus
SIMULATION OF A BANK WITH * TELLERS
(EACH WITH A SEPARATE QUEUE)
CUSTOMERS ARRIVE ACCORDING TO AN EXPONENTIAL DISTRIBUTION
OF INTER ARRIVAL TIMES WITH A MEAN OF *.** MINUTES.
SERVICE TIME IS ALSO EXPONENTIALLY DISTRIBUTED
WITH A MEAN OF *** MINUTES.
THE BANK DOORS ARE CLOSED AFTER *.** HOURS.
(BUT ALL CUSTOMERS INSIDE ARE SERVED.)

9

10 activate a GENERATOR now

11 start simulation

12

13 print 6 lines with TIME.V * HOURS.V,

14 and MEAN.WAITING.TIME * HOURS.V * MINUTES.V thus

THE LAST CUSTOMER LEFT THE BANK AT ** HOURS.
THE AVERAGE CUSTOMER DELAY WAS *.** minutes.

TELLER UTILIZATION QUEUE LENGTH
AVERAGE MAXIMUM
15 for each TELLER,
16 print 1 line with TELLER, UTILIZATION(TELLER),
17 AVG.QUEUE.LENGTH(TELLER), MAX.QUEUE.LENGTH(TELLER) thus
* *.** *.** *
18 end

Example 3. A Bank With a Separate Queue for Each Teller
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process GENERATOR
define TIME.TO.CLOSE as a real variable
let TIME.TO.CLOSE = DAY.LENGTH / HOURS.V
until TIME.V >= TIME.TO.CLOSE,
do
activate a CUSTOMER now
wait exponential.f(MEAN.INTERARRIVAL.TIME, 1) minutes
loop
end

O©CoO~NOUID WNBE

process CUSTOMER
define ARRIVAL.TIME as a real variable
define MY.CHOICE as an integer variable
let ARRIVAL.TIME = TIME.V
for each TELLER, with N.X.TELLER(TELLER) =0,
find the first case
if found,
let MY.CHOICE = TELLER
else
10 for each TELLER,
11 compute MY.CHOICE as the minimum(TELLER)
12 of N.Q.TELLER(TELLER)
13 always
14 request 1 TELLER(MY.CHOICE)
15 let WAITING.TIME = TIME.V - ARRIVAL.TIME
16 work exponential.f(MEAN.SERVICE.TIME,2) minutes
17 relinquish 1 TELLER(MY.CHOICE)

©CoO~NOUID WNBE

Example 3. A Bank With a Separate Queue for Each Teller -
Continued

SIMULATION OF A BANK WITH 2 TELLERS
(EACH WITH A SEPARATE QUEUE)
CUSTOMERS ARRIVE ACCORDING TO AN EXPONENTIAL DISTRIBUTION
OF INTER ARRIVAL TIME WITH A MEAN OF 5.00 MINUTES
SERVICE TIME IS ALSO EXPONENTIALLY DISTRIBUTED
WITH A MEAN OF 10.00 MINUTES.
THE BANK DOORS ARE CLOSED AFTER 8.00 HOURS.
(BUT ALL CUSTOMERS INSIDE ARE SERVED.)
THE LAST CUSTOMER LEFT THE BANK AT 9.49 HOURS.
THE AVERAGE CUSTOMER DELAY WAS 19.84 MINUTES.

TELLER UTILIZATION QUEUE LENGTH
AVERAGE MAXIMUM
1 .97 1.73 6
2 91 2.06 7

Example 3. Output
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3.8.2 Program Discussion

For the sample execution shown in Example 3 Output, the input data could have been
prepared as:

2 50 10. 8
A more elaborate model might request this information in an interactive dialog.

A good programming practice is to print all the input data so as to verify that no
miscommunication has occurred. This is showmain .

This model is designed to terminate by running out of active processes and returning
control tomain for final analysis output.

The proces€USTOMERas the following salient features:

a. Lines 2, 4 and 15 compute a sample of waiting time for Ea8TOMER

b. Lines 2 and 3 define local variables in order to preserve arecord faZ @8TOMER
of the time of arrival and the selecteflLLER. Preserving a record of the selected
TELLERIis imperative, so that after a time delay either for queueing, service, or
both, the propeTELLERresource will be relinquished.

c. TheCUSTOMEHRecision making function is broken into two steps:

1. Look for the idIeTELLER (lines 5-8);
2. If noidleTELLERIs found, look for the shortest line (lines 10-12).

This operation could have been combined into a single search of the form:

for each TELLER
compute MY .CHOICE as the
minimum(TELLER)
of N.X.TELLER(TELLER)+N.Q.TELLER(TELLER)

The procesSENERATOR slightly different from previous examples in that the number of
CUSTOMERto be generated is not specified, but rather a time at which to stop generating
them. Theuntii phrase is another loop variant. This time there is no need férrthe
phrase.

There is a slight imprecision in this model-closing procedure in that, if there were no
customers in the bank at closing time, the model would not actually stop and summarize
statistics immediately, but would only do so at the time of G8&TOMERTrrival since that

is the time at which the proceGENERATO®ould be terminated. This can be remedied
with additional commands that will be discussed in the next paragraph.

3.9 Process Attributes

Attributes may be associated with processes as well as resources. For example, it might be
necessary to carry along as attributes of the pracaBsuch information as the time of
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arrival, the grade of gasoline required, and the amount of gasoline required. These can all
be defined in a statement such as:

processes
every CAR
has a TIME.OF.ARRIVAL
and a GAS.GRADE
and a TANK.CAPACITY

When such a process is activated, these attributes will automatically be initialized to zero.
In order to assign values later, the attribute is associated with the particular process through
the use of aeferencevariable, sometimes calledpainter variable.

For example,

let TANK.CAPACITY(CAR) = 15

This statement is read as “IGANK.CAPACITY of CARbe set equal to fifteen.” The variable
CARis a reference variable. Its value is established byctivate  statement.

activate a CAR in 10 minutes
which is now seen to mean:

1. Create a process notice to describe a Q&R
2. Place the reference value for this notice in the var@hke

3. Compute the time at which this activation will take place (current time + ten min-
utes) and store this value as an attribute of the process.

4. Place the process notice in the pending list.
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Only oneCARprocess notice is accessible by this mechanism atany particular time. Itis possible
to refer to more than one copy of processes of the same class in the following manner:

activate a CAR called X in 5 minutes
activate a CAR called Y in 10 minutes
let TANK.CAPACITY(X) = 17

let TANK.CAPACITY(Y) = 20

This concept is summarized in figure 3-4.

CAR X Y
v Y Y
TIME.OFARRIVAL 0 0 0
GAS.GRADE 0 0 0
TANK.CAPACITY 0 17 20

Figure 3-4. Multiple Process Data Structures

Each process notice has space for the defined attributes plus some additional system-
defined information to be discussed later. These process notices are dynamically allocated
blocks of storage. You do not need to be concerned with where they are stored, how many
are allocated at any particular time, or the order of assignment of the attributes to the words
within the process notice.

The variable with the generic name of the process becomes, by default, a global variable—
accessible from any part of the model—whereas other variables default to a local context.
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The attributes of @rocess can be initialized as part of the execution oadleate
statement. Assume, for example, that we have a process representing a message in a
communications network defined as follows:

processes
every MESSAGE has an ORIGIN
and a DESTINATION

We might represent a message to be sent from Los Angeles to Washington, D.C. as:
activate a MESSAGE giving LA and DC now
This is equivalent to the following sequence of statements:

create a MESSAGE

let ORIGIN(MESSAGE) = LA

let DESINATION(MESSAGE) = DC
activate this MESSAGE now

This latter breakdown illustrates two further concepts: the ability to create a process notice
without placing it in the pending list; and then, later on, activating the procdssutvit
automatically creating a new process notice. The distinction in the form adtiveae

statement is very subtle. The indefinite artideof an) is replaced by a definite article

(the orthis ). The values in thgiving phrase are assigned to attributes in the order in
which the attributes were defined in thv@amble .

3.10 Argument Passing for Subroutines

When a subroutine is invoked, it is ofteacessary to pass information to that routine.
Upon completion, the subroutine communicates its results to the calling routine via
arguments. In SIMSCRIPT I1.5, the given information and the results are passed as
separately specified arguments.

A subroutine is invoked via thmall  statement. For example,
call HARBOR.MASTER giving SHIP and “ARRIVING” yielding STATUS

specifies invocation of the routine name&dRBOR.MASTERpassing to it as arguments the
value of the variabl&HIP and the literal ARRIVING.” The result of this execution of the
routine will be placed in the variab8TATUS

The corresponding procedure declaration heading might appear as:

routine HARBOR.MASTER giving NEW.SHIP and ACTION yielding STATUS
define NEW.SHIP and STATUS as integer variables
define ACTION as a TEXT variable

Note: The arguments must agree in mode and in number betwesll thetatement and
the routine declaration.
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3.11 Subprogram Variables

The subprogram variable is a generalization of the subroutine calling mechanism. A
subprogram variable is declared as, for example:

define DEBUG as a subprogram variable
or,
define TRIG as a real subprogram variable

When a mode is specified, it refers to the mode of the result of the subprogram when called
as a function. This will be illustrated below.

To initialize a subprogram variablelea statement must be used to assign a subprogram
literal as the value of the variable. For example,

let TRIG = 'sin.f'

The subprogram literal may be any SIMSCRIPT library routine or a routine written by the
user.

A statement such as:
let B = TRIG

would copy the address of thia.f  function to another subprogram varialBewhereas:

let X = $TRIG(.5)
would compute the value ein.f(.5) and store the result ixi

This presents a syntactic problem. Since a subprogram variable can be subscripted, i.e., an
array or an attribute, what does the quantity in parentheses represent? The answer is that it
is the argument to the routine. If it is necessary to execute a subprogram stored in an array
or attributejt must first be moved to an unsubscripted subprogram varidtibe example:

processes
every PORT
has a PT.ROUTINE
define PT.ROUTINE as a subprogram variable

process PORT
define LOCAL as a subprogram variable
store PT.ROUTINE in LOCAL
call LOCAL giving PORT
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This program illustrates that a different routine can be associated with each different
process instance, i.e. each port, to be called from the process when needed.

3.12 Argument Passing for Processes

It is not necessary to explicitly pass arguments to processes, since the values of the
arguments are taken from the attributes of the process notice. They may be referenced
directly. However, it is occasionally convenient or more natural to specify parameters for
a process.Only given parameters may be specified for proces3dse arguments (or
formal parameters) take their values from the user-defined attributes specified in the
process notice definition in tipeeamble . Itis not necessary to provide arguments for all

of the attributes. However, the attributes will be assigned to the arguments in the order of
preamble definition. The mode-mismatch problem of subroutines does not arise for
processes. However, process attributes are copied to the arguments only upon initial entry
to the process routine. If, for some reason,atiebute values are changed while the
process is either active or passive (i.e., from within or without the process), this will have
no effect on the argument values.

For example, consider the previduE SSAGPprocess example. With the sapreamble
definition andactivate  statement:

processes
every MESSAGE has an MG.ORIGIN
and an MG.DESTINATION
activate a MESSAGE giving LA and DC now

The process routine might start with,

process MESSAGE given ORIGIN and DESTINATION
define ORIGIN and DESTINATION as integer variables

Itis not permissible to use the same variable names as process attributes and process routine
arguments. The common solution is to give the desired name to the argument and prefix
the attribute with a reminder of the process name @RIGIN versusMG.ORIGIN). The

process attribute names may not even appear in the program becausgvivigthe phrase

in theactivate  statement.

3.13 Process Interaction Commands
We have seen two types of process interactions thus far:

a. A process activates another process (viadtieate  statement).

b. A process restarts another process by relinquishing a resource that the later process
has requested.

Several more process interaction commands may be used to describe direct communication
between processes. They allow for:
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Interrupting a process that is currently awaiting time passage, a®ik ar wait
statement.

b. Resuming a process previously interrupted.

Suspending a process (this statement applies only to the currently executing pro-
cess—a short of “do it yourself” command).
d. Destroying a process.

All of these interactions are summarized in the state transition diagrams of figures 3-5 and
3-6.

Legend:

Solid lines represent immediate actions. _
Dotted lines represent simulation time-delayed actions.

Figure 3-5. Actions Performed for a Process (External to the Process, Itself)
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RETURN

END

DELAYED
FOR

RESOURCE

Legend

Solid lines represent immediate actions.
Dotted lines represent simulation time-delayed actions.

Figure 3-6. Actions a Process Performs for Itself

3.13.1 Suspend

This operation applies only to the process in which it appears. The process returns to the
“created” state and will not progress further until stimulated from outside the process (via
aresume or (re)activate “THE” statement in another process.

3.13.2 Destroy
The form of the statement is:
destroy [THE] process [CALLED variable]

The process must not be in the pending list (or any other Agfjocess routine must not
contain adestroy statement to destroy itsdife., the “current activation”), since the
destroy operation occurs automatically at the end of a process routine.

These operations point out the need for taking great care in manipulating processes. When
a process has been interrupted or suspended, there is a danger of “losing” it. That is, you
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must preserve the reference to the process since no system-maintained mechanism has a
record of it (pending list or resource queue).

This is often accomplished through direct reference either by global variable or attribute (or
local variable) of another process, but most often by introducing a very powerful data
structure, the user-defined set.

3.14 Set Concept

A set is alogically ordered collection of entities (processes or resources) organized through
a system of set pointers. The implementation of resources involves two sets that are
automatically maintained by the system: one for the resource requests currently satisfied,
and the other for the queue of pending resource requests.

A user-defined set must have a declared owner and a declared member. If there is to be
only one copy of the set in the model, the owner can be definedtte b&/stem . In

general, however, any process, resource, or other type of entity can either own or belong to
a set. For example, we might wish to define a queue of airplanes waiting for a single
runway at an airport. Assume that for some reason it is not satisfactory to model the runway
as aresource. The structure might be:

processes
every AIRPLANE

may belong to a RUNWAY

the system owns the RUNWAY

and is represented pictorially in figure 3-7.
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FRUNWAY
L.RUNWAY -
N.RUNWAY h
P.RUNWAY
THE SYSTEM S.RUNWAY
M.RUNWAY ¢ ;
| PRUNWAY
AIRPLANE S.RUNWAY
M.RUNWAY + L
| PRUNWAY
AIRPLANE S.RUNWAY
M.RUNWAY
AIRPLANE

Figure 3-7. Set Structure Linkage

The figure illustrates several aspects of set structures. First, the information describing a
set is completely contained within the attributes of the owner and the member(s). The
figure shows an instantaneous snapshot of a set which has an twensy{tem ) and

three membersA(RPLANES). The attributes shown are automatically generated and
maintained bythe system . They are:

Owner Attributes:

F.RUNWAY A pointer to the st member of the set.
L.RUNWAY A pointer to the last member of the set.
N.RUNWAY The_Number of members currently in the set.

Member Attributes:

P.RUNWAY A pointer to the Redecessor member of the set.
S.RUNWAY A pointer to the 8ccessor member of the set.

M.RUNWAY An error checking flag to record &mnbership in a set (and disallow
multiple membership).
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All of these attributes are initially zero. The set comes into existence with the creation of
the owner. An owner with all three attributes of zero value has an empty set. Set ownership
is then unconditional. If the owner exists, it owns the set even though it may be an empty
set. However, set membership is said to be potential. A potential member does not become
an actual member until explicitly placed in the set. The command for this purpose is the
file statement. For example,

file AIRPLANE in RUNWAY

The default set-discipline is first-in-first-out or FIFO. A new member is automatically
placed at the end of the list.

Once an entity is placed into a set, an explicit reference to the entity need no longer be
preserved, since it may be recovered at will from the set. A set may be examined, in total
or in part, by use of for loop. For example,

for each AIRPLANE on RUNWAY
do

loop
This structure processes the members of theRE®IWAYstarting from the first (or oldest
member in a FIFO set), and successively sets the index vati®®eANE to “point” to

each member in turn. If there are no members, no processing takes place and it is not an
error. Control merely proceeds to the next statement after the loop.

It may become desirable to remove a member from a set. One form of the command for
this purpose is:

remove first variable  from set

This statement causes two things to happen: The first member sdtthe logically
disconnected from theet , and thevariable becomes a reference to this newly removed
entity.

There are several pitfalls to avoid in performing set operations. Once an entity has been
removed from a set, it is once again vulnerable to becoming lost should the reference
variable be modified. Secondly, a remove operation on an empty set causes a terminal error
in program execution. Thirdly, an entity cannot be destroyed if it is still a member of any
set, since destroying a member would essentially break the linking mechanism of a set. So
far, this would apply only to processes. Again, this causes a terminal error in program
execution.

There are two logical tests for avoiding these situations. They are illustrated as follows:
if RUNWAY is empty

and,
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if AIRPLANE is on RUNWAY

Note: This is the test for membership in aRYNWAet. It is not possible to test for
membership in a particular copy of a set (i.e., specific subscript).

These logical expressions may be usedf instatements or any of the selection or
termination phrases associated with loops.

3.15 Example 4: A Harbor Model
A comprehensive example will illustrate the concepts of process interactions and sets.

This example models the unloading of ships in a harbor using two cranes mounted on a
track. There is room at dockside for two ships. When two ships are there, each crane
unloads one of them. If only one ship is there, both cranes work on it, reducing its
unloading time by a factor of two. If another ship arrives while both cranes are serving one
ship, one crane will immediately begin to serve the new ship. Waiting ships are unloaded
first-come-first-served.

Assume that ships arrive on the average of three in every four days, but interarrival times
are exponentially distributed (the mean is thus 4/3 days). The unloading time is uniformly
distributed between 0.5 and 1.5 days.

The desired results are the maximum and average queue length and the cycle times of ships
(queuing plus unloading)—minimum, maximum and average. These results should be
reported after 80 days of continuous operation.

3.15.1 Model Formulation

The ship will be modeled aspaocess. A separate process will model the arrival of ships.
At first glance, it might seem natural to model the cranes as a single resource with one
subgroup and two units. However, the rules for operating cranes do not readily translate
into the simple operations we have learned to perform on resourpse$t/

relinquish ).

There is no preemption command in SIMSCRIPT I1.5. Thus, we resort to the following:
a. A set calledOCKo contain ships being unloaded. There can be a maximum of
two.

A set calledQUEUBO contain ships waiting for tHBOCK

A routine calledHARBOR.MASTER0 model the interactions between ships by
allocating the cranes and adjusting unloading times from ships. This is a routine
rather than aprocess since notime delays are represented. The harbor masterresponds
immediately to any request for service.

This modeling approach illustrates the important concept of modularizing the system in a
manner that parallels the real system. In this instanc8Hieprocess contains only those
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actions that are under the control of the ship in the real world, and the harbor master routine
describes those ship interactions that a real harbor master would normally control.

The level of detail is chosen to ignore the very detailed operations. For example, cranes
would really require some travel time to move from one ship to the other; they would not
move to a ship that was almost unloaded; etc.

" Example 4 - - A Harbor Model

1 preamble

2 processes include SCHEDULER and STOP.SIM
3 every SHIP has an UNLOADING.TIME

4 and may belong to the QUEUE

5 and may belong to the DOCK

6 define UNLOADING.TIME as a real variable
7 the system owns the QUEUE and the DOCK

8 accumulate MAXQ as the maximum

9 MEANQ as the MEAN of N.QUEUE

10 tally NUMBER.OF.SHIPS as the NUMBER,

11 MINCT as the minimum,

12 MAXCT as the maximum

13 and MEANCT as the mean of CYCLE.TIME
14 define CYCLE.TIME as a real variable

15

16 define .DOCK.IS.NOT.FULL to mean .N.DOCK < 2
17 define .ARRIVING to mean 1

18 define .LEAVING to mean 2

19 define .OK to mean 1

20 define .NOT.OK to mean 1

main
activate a SCHEDULER now
activate a STOP.SIM in 80 days
start simulation

end

GO WNPEF

Example 4. A Harbor Model
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1 process SCHEDULER

2 until TIME.V > 80,

3 do

4 activate a SHIP now

5 wait exponential.f(4/3,1) days

6 loop

7 end

1 process SHIP

2 define STATUS as an integer variable

3 define ARRIVE.TIME as a real variable

4 let ARRIVE.TIME = TIME.V

5 let UNLOADING.TIME(SHIP) = uniform.f(0.5, 1.5,2)
6 call HARBOR.MASTER giving SHIP and .ARRIVING yielding STATUS
7 if STATUS ne .OK

8 file SHIP in QUEUE

9 suspend

10 always

11 work UNLOADING.TIME(SHIP) days

12 remove this SHIP from the DOCK

13 let CYCLE.TIME = TIME.V - ARRIVE.TIME

14 call HARBOR.MASTER giving SHIP and .LEAVING yielding STATUS
15 end
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1 routine HARBOR.MASTER given NEW.SHIP and ACTION vyielding STATUS
2 define ACTION, STATUS, NEW.SHIP, OTHER.SHIP

3 and SHIP as integer variables

4 if ACTION = .ARRIVING

5 if DOCK.IS.NOT.FULL,

6 if DOCK is not empty,

7 let OTHER.SHIP = F.DOCK

8 interrupt SHIP called OTHER.SHIP

9 let time.a(OTHER.SHIP) = time.a(OTHER.SHIP) * 2.0
10 resume SHIP called OTHER.SHIP

11 else

12 let UNLOADING.TIME(NEW.SHIP) = UNLOADING.TIME(NEW.SHIP) / 2.
13 always

14 file this NEW.SHIP in DOCK

15 let STATUS = .0K

16 else

17 let STATUS = .NOT.OK

18 always

19 else "ACTION is .LEAVING

20 if QUEUE is not empty,

21 remove the first SHIP from QUEUE

22 file this SHIP in DOCK

23 reactivate this SHIP now

24 else

25 if DOCK is not empty,

26 let OTHER.SHIP = F.DOCK

27 interrupt SHIP called OTHER.SHIP

28 let time.a(OTHER.SHIP) = time.a(OTHER.SHIP) / 2.0
29 resume SHIP called OTHER.SHIP

30 always

31 always

32 always

33 return

34 end

Example 4. A Harbor Model - Continued
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=

process STOP.SIM
print 5 lines with NUMBER.SHIPS, TIME.V, MINCT, MAXCT and MEANCT
3 as follows
SHIP AND CRANE MODEL
* SHIPS WERE UNLOADED IN *.** DAYS
THE MINIMUM TIME TO UNLOAD A SHIP WAS  ****

N

" MAXIMUM " * xak
n MEAN n " n n *‘***
4 skip 3 lines
5 print 2 lines with MEANQ and MAXQ thus

THE AVERAGE QUEUE OF SHIPS WAITING TO BE UNLOADED WAS  * ***
THE MAXIMUM QUEUE WAS *
stop

»

7 end

Example 4. A Harbor Model - Continued

SHIP AND CRANE MODEL
73 SHIPS WERE UNLOADED IN 80.00 DAYS
THE MINIMUM TIME TO UNLOAD A SHIP WAS.270
MAXIMUM " " " " 2.230
MEAN " " " " .862

THE AVERAGE QUEUE OF SHIPS WAITING TO BE UNLOADED WAS.093
THE MAXIMUM QUEUE WAS 2

Example 4 Output

3.15.2 Program Discussion

The preamble contains definitions of the processes of this mo8€IHEDULER
STOP.SIM, andSHIP. UNLOADING.TIMEis made an attribute in order to permit external
access to thiSHIP’s unloading time (from thelARBOR.MASTERouUtine).

Other communication takes place by means of the two@eEJEaNndDOCK

In order to improve the English-like readability of the model, lines 16-19 define several
symbolic substitutions. SIMSCRIPT I1.5 does not have the concept of a “full” set. We
define this concept for oOCKby recognizing that, at most, tv&HIPs are allowed at
dockside.

The main, procesSCHEDULERandSTOP.SIM operate the same as previous models and
should thus be self-explanatory.
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When aSHIP arrives, it calls théiARBOR.MASTERoutine, which checks the current
situation at thedOCKand moves the ne@HIP into theDOCKimmediately if theDOCKis
not full (lines 6-18). In doing so, it may be necessary to takeANErom anotheSHIP
(lines 7-100). If no othersHIP is at theDOCKthis newSHIP gets bottCRANE and will
take less time to unload (line 12).

When aSHIP signals that it is leaving, the harbor master reallocateSRIABIES) to either

the nextSHIP in queue (lines 21-23) or the or8yIP remaining at th®OCKlines 26-29).

If neither of these actions is taken (becaus&hi® s remain), the&€RANE are effectively

made idle. Th&HIP process communicates its requests to the harbor master by passing
the argumentSHIP andACTIONto the harbor master, indicating whigHIP is requesting
attention and what action is desired. If the action can Herpsd, the harbor master
returns a status of “ok.”

3.16 Summary

Most of the concepts of process/resource modeling in SIMSCRIPT I1.5 have now been

illustrated. Some interesting and fairly general process modeling structures remain to be
illustrated, but before this is done, the next chapter will concentrate on the statistical aspects
of the language.
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4. Modeling and Measuring Random
Phenomena

4.1 Introduction

In all of the examples so far, random processes have been used to drive models without
discussing the mechanisms for representing random phenomena in the models. The
purpose of this chapter is to display all of the tools available in SIMSCRIPT I1.5 for the
representation and use of random processes. Further, once random processes have been
incorporated into a model, the output results also become random phenomena, so it is
important to have tools for measuring such phenomena and displaying these results in a
convenient form. This chapter will expand on the previously introdamasnulate and

tally commands for this purpose.

This manual does not provide complete coverage on the role of random processes in
simulation or the analysis of output from models that incorporate random processes. For
an introduction to the selection of which distribution to use, see Breiman [1]. For output
analysis see Law [11] or Fishman [4, 5].

4.2 Random Number Generation

The heart of any representation of random phenomena on a computer is a source of random
numbers. In SIMSCRIPT 1.5 a functiaralledrandom.f serves this purpose. Itis a
generator of numbers which are uniformly distributed on the open interval (0, 1). Actually,
random.f is a source of pseudo-random numbers, since any sequence of numbers can be
reproduced at will merely by initializing the generator function to the same starting seed.
random.f s technique is based on the Lehmer technique described in [13]. In this method
based on the multiplicative congruence technique, a starting seed is multiplied by a constant
to produce a new seed and a sample. The constant is chosen as a function of the size of the
computer word and thus is different in different architectures. Therefore, the same model
using random numbers may yield slightly different results on different computers. The
starting seed is actually a variable which has a default non-zero value.

In SIMSCRIPT 11.5,SEED.V(n) contains the current seed of th8 random number
stream. By default, ten starting seeds are provided. They were generated by using
random.f and recording the seed after each 100,000 samples. Even after the required
1,000,000 samples, the period of the generator has not been approached. For the 32-bit

IBM implementation it is on the order of2 The seeds are stored as integers and may be
printed or altered as desired.

To generate a random number in a program, reference the function. For example,

let X = random.f(1)

will generate a sample usiSEED.V(1) and replac&EED.V(1) for the next sample.

57



Building Simulation Models with SIMSCRIPT 11.5

The reason for providing more than one random number stream is to allow greater
flexibility in the design of experiments and to reduce the cost of simulation runs without
reducing the usefulness of the results.

In representing random processes in a model, it is important to be able to isolate various
processes. For example, in a simple queuing system, one expects that the arrival
distribution should be independent of the service mechanism. If we were limited to one
sequence of random numbers, it would be difficult to represent this independence, although
it could be approximated with verpng runs. By assigning different random number
streams to two processes and thereby starting from different values, the desired
independence can be achieved. Further, from an experimental design point of view, one
can more quickly perform sensitivity analysis experiments. For example, if we change the
number of servers in our simple queueing system and repeat the experiment with the same
starting seeds for each stream, then, through careful implementation of the model, we can
show that any changes in the results from the simulations are directly due to the changes in
the controlled variable (number of servers) and not due to random variations.

Another technique which can be easily used in SIMSCRIPT I1.5 is the so called method of
antithetic varieties. For each use of thed@n number generator, if r is the prescribed
sample, 1-r is the antithetic sample. Two runs that are identical except for this change can
be very useful for establishing bounds on random variables in the output from a simulation.
See Fishman [4, 5].

To use an antithetic variate in any random deviate generator in SIMSCRIPT I1.5, it is
merely necessary to negate the random number stream parameter to the function
random.f . For example,

let X = random.f(-1)
or,
let SAMPLE = normal.f(MU, SIGMA, -3)
In order to restart a simulation with the same starting seeds, there are two possibilities:

1. Make a separate run (i.e., reload the program).

2. Save the initial values of any streams to be sampled from and restore them before
the second simulation. This method will be illustrated in Example 5.

4.3 Random Deviates

Once there is a reliable source for introducing randomness into models, it is relatively easy
to provide functions for the common random deviates. SIMSCRIPT I1.5 provides most of
the commonly used distributions. They are described briefly as follows:
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4.3.1 Uniform

The uniform function shown in figure 4-1 effectively extends the rangmaddm.f . The
required parameters are the minimum and maximum values of the range of the function.
As in all of these functions, the last parameter specifies which random number stream is to
be used. The sampling is accomplished as follows:

let X = uniform.f (a, b, i)

1. Draw a sample fromandom.f(i) (call itr).
2. ComputeX asa + r (b-a)

P(X) b-a

Figure 4-1. UNIFORM Distribution

AppendixD summarizes the parameters of all of the following SIMSCRIPT I1.5 provided
random deviate generators. Itis particularly important that you pay careful attention to the
modes of the parameters to thdésections when preparing programs using them. The
coding of all the random deviate generators is contained in App€ndpor an excellent
treatment of the analytical formulation of these generators, including formulation of the
density and distribution functions, see Law [11].

4.3.2 Normal

The normal function provides the familiar “bell-shaped curve.” Two parameters are
required: the mean and the standard deviation (plus the random number stream).

let X = normal.f (MU, SIGMA, I)
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P(X)

Figure 4-2. NORMAL Distribution

Note: Use caution in using this distribution for sampling time intervals (for example,
service times or mean time between failures): With inappropriate relative values of mean
and standard deviation, the tail can extend into the negative region and occasional samples
will be negative. If used directly in activating processes ovork or wait Statements,

this will produce an execution error, since it is not permitted to schedule actions at times
which have already passed.

4.3.3 Exponential

The exponential function is widely used in analytical queueing models. It is related to the
Poisson function in that, if the number of arrivals in a given unit of time are Poisson
distributed, the interarrival times are exponentially distributed. The only parameter
required to describe the distribution is the mean. The variance is equal to the square of the
mean.

let Y = exponential.f (MU, i)

=

p(X)

Figure 4-3. EXPONENTIAL Distribution
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434 Gamma

The gamma function is often used to represent service time in preference to the exponential
function. The reason is that it has smaller variance and more control in parameter selection,
and therefore more realistically represents observable data. It is also closely related to the
beta and Erlang distributions, which follow.

The classical representation of this distribution is given by the density function:
fx)=__1 x%-1gx/P
(a-1)!p°
wherea > 0,>0,andx =20
The mean of this distribution ig = af and the variance is° = ap?.
Refer to figure 4-4.

The parameters for the SIMSCRIPT II.5 functgamma.f are nota andf3, but rathei
anda (wherep =af).

let X = gamama.f (MU, alpha, I)

If alpha is integer, this function is the same as the Erlang distributioalphid is one,
this function is the same as the exponential distribution, atghih =0.5 , this function
is the chi-square distribution.
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p(x)

X
Constant O

p(x)

Constant 3

Figure 4-4. Gamma Distribution

4.3.5 Beta

The beta function generates a useful family of distributions, related to the gamma function,
where the result is restricted to the unit interval. The mean of this distribution,

pH=__dp
O +0ap
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and the varianceg? = 0 05

@1 +ay)?(ag +ay + 1)

The parameters for the SIMSCRIPT II.5 functlmta.f area, anda, (and the random
number stream).

let X = beta.f (alphal, alpha2, 1)

p(x)

Figure 4-5. Beta Distribution

4.3.6 Erlang

The Erlang distribution is a special case of the gamma which resultsowhem integer.
If a =1, this function is the same as the exponential distribution.

let X = erlang.f (mean, alpha, 1)
wherealpha is integral.

See figure 4-6.
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p(x)

o

1.0

Figure 4-6. Erlang Distribution

4.3.7 Log Normal

The log normal distribution is often used to characterize skewed data. The mean of this
distribution function is:

2 2 2
e+ 9/2) and the variance " )(e%-1)

The parameters for the SIMSCRIPT 1.5 function jarndo.

let X =log.normal.f(MU, SIGMA, I)

p(X)

Figure 4-7. Log Normal Distribution
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4.3.8 Weibull

The Weibull function is often used to generalize distribution function implementation.
That is, by coding use of Weibull and then appropriately selecting the values of the
parameters, one can represent several families of distributions. For example, if the shape
parameterd) = 1, the Weibull function is the same as the exponential with Mu = scale.
Note the similarity to the gamma distribution wreer 2. Refer to figure 4-8.

let X = weibull.f (SHAPE, SCALE, 1)

p(x)

Figure 4-8. Weibull Distribution

The remaining three distributions are discrete valued.

4.3.9 Integer Uniform

Randi is a variation of the uniform function which produces only integers.

let N = randi.f (A, B, 1)
whereA is integer valued lower limit arilis integer valued upper limit.

Refer to figure 4-9.
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b(x)

a a+1 b-1 b

Figure 4-9. Integer Uniform Distribution

4.3.10 Poisson

Poisson distributions are often used in modeling queueing situations when it is necessary
to represent the number of arrivals (or occurrences of some event) in a given period of time.
It is related to the exponential function, which is used for the interarrival times of Poisson
distributed arrivals.

let N = poisson.f (MEAN, |)
Refer to figure 4-10.

p(X)

Figure 4-10. Poisson Distribution
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4.3.11 Binomial

The binomial distribution represents the integer number of succiessasdependent
trials, each having probability of success

let K = binomial.f (N, P, I)

Refer to figure 4-11.

p(X)

Figure 4-11 Binomial Distribution

4.4 Arbitrary Random Variables

More often than not, the modeler does not know which distribution in paragraph 4-3 best
describes the situation at hand. Typically, there are stacks of data from which some
assumptions are to be derived. Statistical analysis can be performed on this data to
approximate its distribution with a function. Arbitrary distribution tables can be prepared
that summarize the data. Ddtam these arbitrary tables can be sampled in the same
manner as with the functional representation. Two methods of sampling are available in
SIMSCRIPT II.5. They are designatedp andlinear . Thestep sampling point will

only choose samples from among the table data points wheretisetiie sampling
function will linearly interpolate between data points. Neither method will include sample
points outside the range of data in the table.

In order to use these random variables, it is necessary to declare and initialize them before
attempting to sample from them. For example,rmloan variable that can only take on
certain discrete values could be described as follows:

the system has an X random step variable
define X as an integer variable
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See figure 4-12.

In order to initializeX, data are prepared for input via a free-fosad as any number of

pairs of values in which a probability is followed by the corresponding function value. The
data are terminated by a special charad&®RK.V), which by default is an asterisk)(

The probability values for step tables may be expressed as either individual probabilities or
cumulative probabilities.

1.00 —

5 [—

50 —

P(X)

Figure 4-12. Example of Discrete Valued Random Variable

To initialize X, include the statement:
read X

and to match figure 4-12 provide the data:
02 2 0.25 3 0.33 5 0.22 7 *

The probabilities must sum to one. This variable may also be described in terms of a
cumulative distribution by supplying the equivalent data:

00 O 02 2 0.45 3 0.78 5 10 7 *

where the first probability value must be 0 and the last must be 1.

To sample fronX, referenceX like any other variable or function, e.g.,
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letY =X

Each time this statement is executed, a probability value is drawndralom.f using
stream number 1 (by default). A tabtekup procedure is then used to determine the
corresponding sample value.

For example, assume .67 is drawn fraandom.f (1) . Since .45 < .67 < .78, the
corresponding value of is 5.

A variable which is to assume values from a continuous population is described as follows:

the system has a Y random linear variable
define Y as a real variable

The initializationprocedure is the same except that the data must describe a cumulative
probability distribution.

1.00 —

0.8 |—

PX) 0.4 [

I R N .
10 20 30 40 50 60 70

Figure 4-13. Example of Continuous Random Variable

The data corresponding to figure 4-13 are:
0.0 10 04 30 0.6 50 1.0 70 *

Whenevery is sampled from, the probability is used to linearly interpolate between data
points in the table.
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For example, if probability of .55 were drawn, the corresponding value of Y would be:

Y =30 + (.55-0.4) x (50-30) = 45
(0.6-0.4)

These random variables may also be defined as attributes. For example, any entity such as
aTELLERresource in a bank model might have such an attribute defined, for example, as:

resources
every TELLER has a SERVICE.RATE
random linear variable
define SERVICE.RATE as a real variable

Now a SERVICE.RATE cumulative distribution must be established for eaEhLER
subgroup.

read N.-TELLER
create each TELLER
for each TELLER,
read U.TELLER (TELLER) and SERVICE.RATE (TELLER)

For instance, this might be distinguishing between experiefeeERS in one subgroup
and trainees in another subgroup.

It is also possible to specify that a random number stream other than the first is to be used
for drawing probabilities.

the system has an X random step variable
define X as a real, stream 7 variable

The stream specification must be an integer constant.

For an example of the use of random step variables, complete with a method of printing the
input data, seE&xample 6, A Job Shop Model

4.5 Controlling Performance Measurements

Several features of SIMSCRIPT I11.5 aid in the preparation of statistical results from
simulations. In all of the examples, we have looked at thus far, the simplest sort of analysis
has been performed—e.g., specify some desired measwras, (maximum, etc.) in an
accumulate ortally statement, run the simulation, and print the results.

In a more general case, it is often necessary to run a simulation for a while in a “warm-up”
mode to eliminate any initial atypical situation. An example would be modeling an airport.
Once it opens, there might never be a time at which no airplanes are there—either landing,
departing, or parked. To have a simulation warm-up period, or non-measurement-
recording period, SIMSCRIPT II.5 provideseset statement. Theeset statement
reinitializes all the statistical counters relative to the variable(s) listed in it.

For example,
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reset totals of CYCLE.TIME
whereCYCLE.TIME is a global variable which appeared in a statement such as,

tally MEAN.WAITING.TIME as the mean
and MAX.WAITING.TIME as the maximum
of CYCLE.TIME

Both MEAN.WAITING.TIME andMAX.WAITING.TIME are reset as a consequence of the
reset statement. In factEAN.WAITING.TIME is not actually implemented as a
variable. Rather, itis a function and several variables are generated bystem for its
use. These variables are also automatically reset.

Measurements made through the use ch@oumulate statement involve several more
system generated variables which are also reset automatically. For example, consider a
variable which has progressively taken on values as shown in figure 4-14.

- - = = = — -

To P T
Figure 4-14. RESET Example

If the variable is reset at time several system generated variables will acquire non-zero
re-initialized values. In particulathe system maintains the values dfy andT,, the
beginning of the observation period and the time of the last change vatiadble,
respectively. Ateset , they both acquire the value of current time. Also,ntla@imum
andminimum values of the variable are set to the current value.

Several variables may have statistics reset via a segge statement. However, if the
observed variable is an attribute, each of its subscript values must be explicitly referenced
for resetting.

Examples:

reset TOTAL of CYCLE.TIME, N.QUEUE
and N.DOCK

for each TELLER,
reset TOTALS of N.Q.TELLER(TELLER)
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Once we have the capability of resetting performance measures, it becomes natural to make
several sets of experimental measures in a single simulation. For example, it may be
desirable to make several concurrent sets of such measurements, for example, to study
daily, weekly and monthly cycles in a business system. All this can very conveniently be
implemented in SIMSCRIPT I1.5 using tleencept of qualified statisticsQualifying
statistics allow for multiple, simultaneous gathering of measurements, and then selective
resetting of some while not disturbing others. Qualifiers may be any word of your
choosing.

Example:

accumulate WK.MEAN as the weekly mean
and MON.MEAN as the monthly mean
and GRAND.AVE as the average
of N.QUEUE

Processes might be included for printing results at the end of each week and month as
follows:

process WEEKLY.REPORT
until TIME.V > END.OF.SIMULATION
do
wait 7 days
print 1 line with TIME.V and WK.MEAN thus
atday **. WEEKLY.MEAN = ***
reset the weekly totals of N.QUEUE
loop
end

and similarly forprocess MONTHLY.REPORT

Note: The unqualified measuremef@RAND.AV® is not affected by eitheeset
However, if areset  without a qualifier is executed, all statistics, whether qualified or not,
are reset.

4.6 Additional Statistical Performance Measures

In the examples so fasccumulate andtally  statements have been used to compute
averages, maxima, minima, and occasionally to count the number of sampiaity(foy.
There are several more computations which can be specifeedumulate andtally
statements. The complete list is shown in table 4-1.

72



Chapter 4. Modeling and Measuring Random Phenomena

Table 4-1. Statistical Keywords for Accumulate/Tally Statements

Statistic Accumulate Tally Computation
Computation
NUMBER K = The number of N = The number of samples of
changes in X X
SUM S X(TIMEV -T))) 3 X
MEAN Sum Sum
(TIMEV -T ) N
SUM.OF.SQUARES s (XZ(TIME.V ) TL)) s x2
MEAN.SQUARE Sum.of.squares Sum.of.squares
(TIME.V - TO) N
VARIANCE Mean.square - Me&n Mean.square - Me&n
STD.DEV JVARIANCE JVARIANCE
MAXIMUM M = Maximum (X) for all X| M = Maximum (X) for all X
MINIMUM m = Minimum (X) for all X |m = Minimum (X) for all X
Notes:

TIME.V = current simulated time.

T = simulated time at which variable was set to its current value.

T, = simulated time of last reset for this variable.

X = sample value of variable before change occurs.

In addition to these very useful performance measures, it is also possible to request a
histogram of the variable. In the context ablly statement, a histogram represents a
distribution of the number of times the observed variable fell within certain limits, whereas
in theaccumulate context, it represents the total time the variable remained in each range.

The general form of a histogram specification is:

tally NAME ,(R ;toR ,byR 3)asthe
histogram of NAME

NAME must be either an unsubscripted global variable or system attribute, or an attribute
of a resource or permanent entity. It is not possible to generate histograms for attributes of
processes or temporary entities.
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The histogram is implemented as a function which allocates its own internal storage and
thus should not be referenced for “reading.” The histogram is stored in an array, the size
of which is determined by the formula:

n=(R ,-R 3))R3+1

Thus, the samples are counted in the various array elements as follows:

letS | <R ; +R s add 1 to NAME (1)
R1+R3S8i,R 1+2R3 add 1 to NAME 1(2)
R2 -R 3 SSi <R2 add 1 to NAME 1(n-1)

R <5 add 1 to NAME 1 (n)
For theaccumulate type histogram, the subdivision is the same. However, the quantity
added to each cell iIME.V-T | ) from table 4-1. The limit®, andR, and the increment

R; are constants. Their values need nabteger

The references to a histogrdMAME) are made using the same subscripting appropriate
for the observed variabl8lAME) plus one additional subscript for the cell of the histogram.

4.7 Example 5: The “Modern” Bank (Single-Queue-Multiple-
Server)

The concepts in this chapter will now be illustrated by rewriting ExaBtglenodel a bank

with a single queue and a varying number of tellers. See figure 4-15. The task is to make
a decision on the “optimum” number of tellers to employ. This will be determined by
making multiple experimental runs in a single execution of the program. To increase
confidence in the results, several replications will be made with each number of tellers. The
results for each replication will be reported, as well as the average over all the replications.

The measurements required are the average and maximum daily queues, the average
utilization of tellers, and mean waiting time for all customers. The same statistics plus
gueue-length and cycle-time histograms should be generated for the composite (replicated)
runs.

4.7.1 Model Formulation

The process/resource structure of this model parallels that of Ex&mnflee process
CUSTOMERSs considerably simplified by the reduction to a single queue. The resource
TELLERIs a single subgroup with the number in the subgroup as the control parameter of
interest.

74



Chapter 4. Modeling and Measuring Random Phenomena

All of the replication and reporting operations are incorporated im#ie program. The
daily and overall statistics are segregated by use of a qualifiery .”

" Example 5 THE MODERN BANK (SINGLE-QUEUE-MULTIPLE-SERVER)

1
2
3 preamble

4 processes include GENERATOR and CUSTOMER

5 resources include TELLER

6 define MIN.TELLERS, MAX.TELLERS

7 and NO.OF.REPLICATIONS as integer variables

8 define MEAN.INTERARRIVAL.TIME, MEAN.SERVICE.TIME,
9 DAY.LENGTH and WAITING.TIME as real variables

11 accumulate DLY.UTILIZATION as the daily average of N.X.TELLER

12 accumulate DLY.AVG.QUEUE.LENGTH as the daily average,

13 DLY.MAX.QUEUE.LENGTH as the daily maximum of N.Q.TELLER
14 tally DLY.MEAN.WAITING.TIME as the daily mean of WAITING.TIME
15 accumulate UTILIZATION as the average of N.X.TELLER

16 accumulate AVG.QUEUE.LENGTH as the average,

17 MAX.QUEUE.LENGTH as the maximum,

18 and QUEUE.HISTO (O to 20 by 1) as the histogram of N.Q.TELLER
19 tally MEAN.WAITING.TIME as the MEAN

20 and WAIT.HISTO(O to 100 by 5) as the histogram of WAITING.TIME
21 end

1 main

2 define I, NO.OF.TELLERS and REPLICATION as integer variables
3 define SAVESEED1 and SAVESEED?2 as integer variables

4 define START.TIME as a real variable

5 let SAVESEED1 = SEED.V(1)

6 let SAVESEED?2 = SEED.V(2)

7 create every TELLER(1)

8 read MIN.TELLERS, MAX.TELLERS,

9 NO.OF.REPLICATIONS, MEAN.INTERARRIVAL.TIME,

10 MEAN.SERVICE.TIME and DAY.LENGTH

11 print 9 lines with MIN.TELLERS,

12 MAX.TELLERS, NO.OF.REPLICATIONS,

13 MEAN.INTERARRIVAL.TIME, MEAN.SERVICE.TIME
14 and DAY.LENGTH thus

SIMULATION OF A SINGLE-QUEUE BANK
THE NO. OF TELLERS RANGES FROM * TO *
( * REPLICATIONS FOR EACH NO. OF TELLERS)
CUSTOMERS ARRIVE ACCORDING TO AN EXPONENTIAL DISTRIBUTION
OF INTER ARRIVAL TIMES WITH A MEAN OF *** MINUTES
SERVICE TIME IS ALSO EXPONENTIALLY DISTRIBUTED
WITH A MEAN OF *** MINUTES.
THE BANK DOORS ARE CLOSED AFTER *.** HOURS (EACH DAY).
(BUT ALL CUSTOMERS INSIDE ARE SERVED.)
15

Example 5. The Modern Bank (Single-Queue-Multiple-Server)
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16 for NO.OF.TELLERS = MIN.TELLERS to MAX.TELLERS

17 do
18 let TIME.V = 0.
19 let SEED.V(1) = SAVESEED1
20 let SEED.V(2) = SAVESEED?2
21 let UTELLER(1) = NO.OF.TELLERS
22 reset TOTALS of N.X.TELLER(1), N.Q.TELLER(1) and WAITING.TIME
23 skip 2 lines
24
25 print 5 lines with U.TELLER(1) a thus
NUMBER OF TELLERS =*
FINISH TELLER QUEUE LENGTH AVERAGE CUSTOMERS
TIME UTILIZATION AVERAGE MAXIMUM WAITING TIME
(HOURS) (MINUTES)
26 for REPLICATION = 1 to NO.OF.REPLICATIONS,
27 do
28 let START.TIME = TIME.V
29 reset DAILY TOTALS of N.X.TELLER(1), N.Q.TELLER(1),
30 and WAITING.TIME
31 activate a GENERATOR now
32 start simulation
33
34 print 1 line with (TIME.V - START.TIME) * HOURS.V,
35 DLY.UTILIZATION(1)/U.TELLER(1),DLY.AVG.QUEUE.LENGTH(1),
36 DLY.MAX,QUEUE.LENGTH(1) and DLY.MEAN.WAITING.TIME thus
*.** *.** *.** * *'**
37 loop
38 skip 1 line
39 print 1 line thus
AVERAGE OVER ALL REPLICATIONS:
40 skip 1 line
41 print 1 line with UTILIZATION(L)/U.TELLER(1), AVG.QUEUE.LENGTH(2),
42 MAX.QUEUE.LENGTH(1) and MEAN.WAITING.TIME thus
*.** *.** * *‘**
43 skip 3 lines
44 print 3 lines with WAIT.HISTO(1) and QUEUE.HISTO(1,1)/TIME.V thus
WAITING TIME NO. WHO WAITED QUEUE LENGTH PERCENTAGE
(MINUTES) THIS TIME OF TIME
T < 5 * 0 *.***
45 for I =2 to 20,
46 print 1 line with 5 * (I - 1), 5 * I, WAIT.HISTO(l),
47 I-1 and QUEUE.HISTO(1,l)/TIME.V thus
* <= T < * * * *'***
48 print 1 line with WAIT.HISTO(21) and QUEUE.HISTO(1,21)/TIME.V thus
100<=T 20 * ok
49 start new page
50 loop
51 end

Example 5. The Modern Bank (Single-Queue-Multiple-Server) - Continued

76



Chapter 4. Modeling and Measuring Random Phenomena

process GENERATOR
define TIME.TO.CLOSE as a real variable
let TIME.TO.CLOSE = TIME.V + DAY.LENGTH / HOURS.V
until TIME.V >= TIME.TO.CLOSE,
do
activate a CUSTOMER now
wait exponential.f(MEAN.INTERARRIVAL.TIME,1) minutes
loop
end

O©CoOoO~NOOOTA~,WNPE

process CUSTOMER
define ARRIVAL.TIME as a real variable
let ARRIVAL.TIME = TIME.V
request 1 TELLER
let WAITING.TIME = (TIME.V - ARRIVAL.TIME) * HOURS.V * MINUTES.V
work EXPONENTIAL.F(MEAN.SERVICE.TIME,2) minutes
relinquish 1 TELLER
end

O~NO OIS WN PP

Example 5. The Modern Bank (Single-Queue-Multiple-Server) - Continued

4.7.2 Program Discussion

The process/resource logic of this model is actually a simplification of Exéngénce
only a single resource subgroup is used to model tellers, the customer-process teller-
selection logic reduces to a singdguest statement.

The major interest in this model is concentratesian . There are two nested loops. The
outer loop (lines 16-50) iterates over the rangesfi ERs available. For each iteration the
random-number seeds of the streams used are restored to their initial value. In effect, this
ensures that each bank configuration has the identical sequetid8 TOMERrivals and
CUSTOMERervice demands. Note that random stream 1 is dedicated to the arrival process
and random stream 2 to the service process. The entire ensemble of statisits st

line 22 before each new experiment.

The inner loop (lines 26-37) iterates over the number ofa&pdins while holding the
number ofTELLERs constant. Note that each replication will start with different values of
the random-number stream seeds. After reporting the results of a single replication, only
the statistics qualified by the woddily —arereset

After all the relocationdor a single number ofELLERs are complete, the aggregated
statisticsfor all the repliations are printed (lines 36-49). Of particular interest are the
examples of the forms of th@stogram s for atally - and anaccumulate -type
measurement. Formatting of output is accomplished in lines 44-48.
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SIMULATION OF A SINGLE-QUEUE BANK
THE NO. OF TELLERS RANGES FROM 1 TO 3
(5 REPLICATIONS FOR EACH NO. OF TELLERS)
CUSTOMERS ARRIVE ACCORDING TO AN EXPONENTIAL DISTRIBUTION
OF INTER ARRIVAL TIMES WITH A MEAN OF 5.00 MINUTES
SERVICE TIME IS ALSO EXPONENTIALLY DISTRIBUTED
WITH A MEAN OF 10.00 MINUTES
THE BANK DOORS ARE CLOSED AFTER 8.00 HOURS (EACH DAY).
(BUT ALL CUSTOMERS INSIDE ARE SERVED.)

NUMBER OF TELLERS =1

FINISH TELLER QUEUE LENGTH AVERAGE CUSTOMER
TIME  UTILIZATION AVERAGE  MAXIMUM WAITING TIME
(HOURS) (MINUTES)

17.82 1.00 25.82 53 253.24

16.44 .99 21.66 44 227.24

19.28 1.00 32.25 58 373.17

14.56 1.00 22.80 44 209.70

14.03 .98 19.99 44 184.82

AVERAGE OVER ALL REPLICATIONS:

1.00 24.97 58 251.57
WAITING TIME NO. WHO WAITED QUEUE LENGTH PERCENTAGE
(MINUTEYS) THIS TIME OF TIME

T< 5 13 0 .017

5<=T<10 2 1 .018
10<=T< 15 1 2 .014
15<=T<20 4 3 .021
20<=T< 25 2 4 .017
25<=T<30 2 5 .016
30<=T<35 6 6 .022
35<=T<40 5 7 .021
40<=T< 45 6 8 .020
45<=T<50 4 9 .025
50<=T<55 5 10 .016
55<=T<60 10 11 .023
60 <=T <65 7 12 .034
65<=T<70 6 13 .020
70<=T<75 9 14 .011
75<=T<80 2 15 .025
80<=T<85 12 16 .020
85<=T<90 4 17 .016
90<=T<95 5 18 .012
95 <=T <100 3 19 .027
100<=T 381 20 .605

Example 5. Output
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NUMBER OF TELLERS =2

FINISH TELLER QUEUE LENGTH
TIME UTILIZATION AVERAGE MAXIMUM
(HOURS)
9.26 .96 3.61 13
9.11 .90 2.31 10
9.91 .97 12.27 28
8.05 .90 1.40 8
8.31 .83 2.23 9
AVERAGE OVER ALL REPLICATIONS:
.92 4.61 28
WAITING TIME NO. WHO WAITED
(MINUTES) THIS TIME
T< 5 177
5<=T<10 55
10<=T< 15 44
15<=T<20 36
20<=T< 25 23
25<=T<30 27
30<=T<35 22
35<=T<40 8
40<=T<45 3
45<=T <50 11
50<=T<55 4
55<=T<60 6
60<=T<65 9
65<=T<70 6
70<=T<75 5
75<=T<80 1
80<=T<85 3
85<=T<90 4
90<=T<95 2
95 <=T <100 2
100<=T 41

AVERAGE CUSTOMER

WAITING TIME
(MINUTES)
18.38
13.41
72.95
7.11
12.23
25.25
QUEUE LENGTH PERCENTAGE
OF TIME
0 281
1 139
2 .093
3 077
4 074
5 .053
6 .049
7 035
8 022
9 023
10 013
11 013
12 019
13 .020
14 013
15 .010
16 .010
17 .002
18 .001
19 .005
20 047

Example 5. Output - Continued

4.8 Discussion of Results

Three experiments are performed. The first, with only TRIELER shows an extreme
situation since, effective\GUSTOMERare arriving twice as fast as they can be serviced.

The second run, while vastly improving the situation, still shows a great deal of congestion
in the bank. This is due, primarily, to the large variance in the exponential distribution of
both interarrival and service time. The third run, with tAfEELERS, shows a much more
acceptable situation in which, although there is still some congestion, over 75% (384 out of
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489) of theCUSTOMERreceive service within five minutes of their arrival at the bank,
while 98% are served within 20 minutes of arrival. Whether this is acceptable service is,
of course, a bank management decision.

NUMBER OF TELLERS =3

FINISH TIME ~ TELLER QUEUE LENGTH AVERAGE CUSTOMER

TIME UTILIZATION AVERAGE MAXIMUM WAITING TIME

(HOURS) (MINUTES)
8.27 72 65 5 2.96
8.34 65 35 4 1.87
8.17 79 1.28 6 6.29
8.05 60 30 5 1.53
8.08 57 39 5 2.10

AVERAGE OVER ALL REPLICATIONS:

.67 .60 6 2.99
WAITING TIME NO. WHO WAITED QUEUE LENGTH PERCENTAGE
(MINUTEYS) THIS TIME OF TIME
T<5 384 0 726
5<=T<10 36 1 .102
10<=T< 15 45 2 .073
15<=T<20 15 3 .062
20<=T< 25 7 4 .025
25 <=T<30 1 5 .012
30<=T<35 1 6 .001
35<=T<40 0 7 0.
40<=T<45 0 8 0.
45<=T <50 0 9 0.
50<=T<55 0 10 0.
55<=T<60 0 11 0.
60 <=T <65 0 12 0.
65 <=T<70 0 13 0.
70 <=T<75 0 14 0.
75<=T<80 0 15 0.
80<=T<85 0 16 0.
85<=T<90 0 17 0.
90 <=T<95 0 18 0.
95 <=T< 100 0 19 0.
100<=T< 0 20 0.

Example 5. Output - Continued
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5. Modeling Passive Objects

5.1 Introduction

So far we have used only two types of SIMSCRIPT II.5 entities: processes and resources.

The traditional SIMSCRIPT 1.5 model has consisted of discrete events (to be discussed in
Chapter7) and entities, attributes and sets. This chapter describes these latter concepts and
shows how the process and resource constructs evolved from them.

In most small models, the concepts of processes and resources are adequate to describe the
system. Processes either communicate directly with one anotmeenigt,resume :

or activate commands, or indirectly, vieequest andrelinquish commands for
resources. As models become more complex, so do their data structures.

For example, in our simple models, a process has requested a resource, used it for some
time, and then rafiquished the resource and terminated. In a moretreaitiation, a

process might require several tasks with the resources. The order of tasks might differ for
different instances of the process, or might depend on the current availability of the
resources.

To establish data structures for such models, we can use the SIMSCRIPT I1.5 concepts of
permanent and temporary entities and sets.

5.2 Permanent Entities

Resources are implemented as an extension of permanent entities. Thus, the data structure
to be shown here closely resembles that of paragdph

Permanent entities may have attributes and either own or belong to sets. Permanent entities
are defined in a section of theeamble of the same name.

permanent entities
every JOB.TYPE has a name
and owns a TASK.LIST

The data structure for this permanent enti®B.TYPE would appear as shown in figure
5-1 after execution of the statement:

create every JOB.TYPE (5)
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“m @ 6 @ 06

NAME

F.TASK.LIST

L.TASK.LIST

N.TASK.LIST

Figure 5-1. Permanent Entity Data Structure

A member entity for the s8ASK.LIST needs to be declared the compiler will produce a
diagnostic message informing us that the set is incompletely specified.

These entities are called “permanent” for historical reasons. They can be eliminated during
the execution of a model by use of the command:

destroy each JOB.TYPE

Thus, if we were conducting multiple simulations in which the numb8O8{TYPEs
varied from one run to another, this statement would be used to release the old storage area
before a new area of a different size is allocated.

As in the case of resources, there are two system-defined variables which are automatically
generated for each permanent entity: the variable with the same name as the entity, and the
N.entity  variable which contains the maximum index value for the entity.

5.3 Compound Entities

The next logical extension to the data structure of SIRPT 1.5 is to genetae the
concept of a permanent entity to a multidimensional structure (or a compound entity, as it
is called in SIMSCRIPT).

Attributes of a permanent entity may be thought of as simple one-dimensional arrays or
vectors. Attributes of a compoundigéynare multidimensional.

A compound entity is declared as in the following example:

permanent entity
every JOB.TYPE, WORK.CENTER
has a MEAN.TIME
and owns a TASK.LIST

This statement actually defines two permanent entidi@B, TYPE and WORK.CENTER
These entities may have attributes of their own in addition to participating in the compound
entity. When the entities are created, the attributes of the compound entity are
automatically created when the last of the participating entities is created.
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For example,

create every JOB.TYPE (2)
create every WORK.CENTER (3)

would yield four two-dimensional arrays of the form:

W, W, W3

91

Jo

(A row for eachJOB.TYPE and a column for eadWORK.CENTER Recall that attributes
are automatically supplied for the ownership of the=sBASK.LIST ,L.TASK.LIST and
N.TASK.LIST . In this case, these are also two-dimensional.

The references to attributes of compound entities are multi-subscripted in the same order
as in the definingvery statement.

For example,

for each JOB.TYPE
for each WORK.CENTER
read MEAN.TIME(JOB.TYPE, WORK.CENTER)

Accumulate andtally -type statistics may be collected on attributes of entities (either
permanent or compound). When this is specified, additional array storage is automatically
allocated by the compiler.

5.4 Temporary Entities

Just as resources are an extension of the permanent entity concept, we shall now see that
processes have a similar relationship to temporary entities. A temporary entity is used to
model an object or data-item which is short-lived in the model or for which the number of
copies varies within the execution of the model.

Temporary entities may have attributes and either belong to or own sets. There are no
automatically defined attributes for temporary entities nor is there a dynamic description
for them (like the process routine). Thattenporary entities are purely passive data
structures which are manipulated explicitly by the user-written code.

We define temporary entities in a section of gjheamble of the same name,

temporary entities
every TASK has a MACH.ID
and a PROCESSING.TIME
and belongs to a TASK.LIST
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The data structure of this temporary entity appears as shown in figure 5-2 after execution
of the statement,

create a TASK

TASK l

MACH.ID

PROCESSING.TIME

PTASK.LIST

S.TASK.LIST

M.TASK.LIST

Figure 5-2. Temporary Entity Data Structure

Like the process structure described in Chapteax temporary entity has a reference
variable which has the same name as the entity (as in figure 5-2). Since this single variable
can only reference one copy of the entity at a time, we need a scheme for referencing
multiple copies. Actually, there are two possibilities in SIMSCRIPT 11.5. One is to name
reference variables explicitly in tleeeate statement; e.g.,

create a MAN called TOM
create a MAN called DICK
create a MAN called HARRY

After execution of these three statements, we have three different instances of the
temporary entittMANassuming, of course, we have declavid\as a temporary entity in
thepreamble . These are illustrated in figure 5-3. Note that no entity is referenced by the
variable namé/1AN
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TOM ﬂ DICK T HARRY T

Figure 5-3. Multiple Instances of a Temporary Entity

Instead of simple variableg©M, DICK, HARRY, it is equally permissible to store the
reference variables in the attributes of other entities, e.g.

create a MAN
create a CAR called VEHICLE (MAN)

where we might have two entities defined as:

temporary entities
every MAN has a VEHICLE
and a HOME
every CAR has a HORSEPOWER
and an EPA.MILEAGE

The two entities would be linked as shown in figure 5-4.

MAN v CAR -—--- (null)
VEHICLE
HOME ¢
HORSEPOWER
EPA.MILEAGE

Figure 5-4. Linked Entities

These same relationships can also be established between any types of entities (processes,
resources, permanent or temporary).

When an individual copy of a temporary entity is no longer needed, it may be eliminated
from the model by executing tkestroy statement. For example,

destroy this CAR
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or,
destroy the CAR called X

Again,CARor X must contain a valid reference to an instance of the temporary@hity

Compound entity structures which include at least one temporary entity are treated quite
differently from the previous example, which involved only permanent entities.

When at least one temporary entity is involved, the attributes automatically become

functions. They have no storage allocated to them. A routine must be written for each

attribute of a compound entity of this type. The routine must accept the entity references as
arguments (irpreamble order). The attribute “value” is the result of the function.

5.5 A Second Look At Sets

In paragrapt8.14 the concept of a set was introduced for the purpose of modeling a queue
of processes. Sets are often used to model queues but they also have many other
applications. Any type of entity (ohe system ) may own a set, and any type of entity
(except a compound entity atigt system ) may belong to a set.

Sets of entities are used to describe data structures which either change rapidly in the model
or vary widely from one instance to another. For example, we may choose to describe a
network in terms of nodes and links. The nodes might best beletbds permanent
entities and the links as temporary entities. Then a set could be defined to describe the path
from every node to every other node. Some of those paths would be empty, indicating no
path between the two nodes; others would have a single link, while some might have very
long paths (many links). Such a structure could be declared as follows:

preamble
permanent entities
every NODE, NODE
owns a PATH
temporary entities
every LINK belongs to a PATH
and has a TO.NODE
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Thus, we use a compound entity to describe this collection of sets. It is represented
pictorially in figure 5-6 for the three-node situation described in figure 5-5.

Figure 5-5. A Unidirectional Network

/ (3.1) / (3.2) / 3.3) /
F.PATH

— 3
—

LINKs

o

TO.NODE

Figure 5-6. Network Structure

In our discussion of sets, so far, we have used the default set disciplines of first-in-first-out
orfifo . Two other disciplines are available in SIMSCRIPT II.5. They are the so-called
lifo  or last-in-first-out discipline and thenked set.

In the purelylifo  set, all of the manipulations are performed at the top or first member
end of the set. That is, new members filed into the set go to the head of the line and remove
operations are always of themove first  variety. This is sometimes referred to as a
push-down stack.
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Inaranked set, the filing operation initiates a search to insert the new member in its proper
place based on the value of its ranking attribute(s). The attributes to be considered in
ranking the set are specified when defining the set irptbamble . The only filing
operation allowed for a ranked set is merely:

file ENTITY in SET

Because an attempt to specify placement of the member entity would possibly destroy the
ranking of the set, it is not permitted. However, witifioa orfifo set, you may specify

a position for placement of the new member. This placement méxgtbe last , or

before orafter an entity which is already known to be a member of the set.

In order to specify a set discipline other than the deféult , it is necessary to include a
statement defining the set in theamble . For example,

define STACK as a lifo set
or,

define QUEUE as a fifo set
or,

define INPUT.QUEUE as a set
ranked by high PRIORITY,
then by low EXECUTION.TIME

This last example specifies a ranked set with two ranking criteR&ORITY and
EXECUTION.TIME must be declared as attributes of the entity whiclobgs$ to
INPUT.QUEUE Theevery statement defining the entity must precededéfine
statement for the set. For example,

temporary entities
every JOB has a PRIORITY
and an EXECUTION.TIME
and belongs to the INPUT.QUEUE
the system owns the INPUT.QUEUE
define INPUT.QUEUE as a set
ranked by high PRIORITY,
then by low EXECUTION.TIME

In thisranked set, filing occurs in the following fashion:

1. ThePRIORITY attribute of thelOBto be filed is compared with that of each of the
members of the set, starting from the first, until one is found with lower value. The
new member is then inserted in front of the first one with a |IBREDRITY attribute
value.

2. If a current member has RRIORITY attribute value equal to that of the new
member, theiEXECUTION.TIME attributes are compared. The one with a lower
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value is placed in front of the one with a higher value. (If there are several “ties,”
the appropriate searching occurs.)

3. Finally, if the new entity compares in all specified attributes with one or more ex-
isting members, it is placed after them in the set (effectively, then, the final tie-
breaking rule isifo .)

5.6 Additional Set Manipulations

We saw in paragrapBi14the possibility of looping over all the members of a set, possibly
with selectivity or termination phrases built into the control structure. Several more
operations can also be specified.

5.6.1 IN Reverse Order

This phrase, when appended tfoa each of setphrase, sgcifies that execution will

begin with processing of tHast member of the set. Explicitly, this is the entity referenced

by the last-in-set attribute of the owner. It may, of course, be the most recent addition to
the set (puréfo ), the oldest member (pui® ), or the member with the least desirable
combination of ranking attributes (anked set).

5.6.2 FILE FIRST and FILE LAST

It is possible to specify where to place a new member in a set. This does not apply to
ranked sets.

5.6.3 REMOVE FIRST and REMOVE LAST

Similarly, one may specify the entity to remove by position.

5.6.4 REMOVE Entity

It is possible to specify which individual entity to remove from a set by reference variable
name rather than by position as above. Two important aspects of this operation should be
noted:

1. Entity must be a member of a set.

2. The syntax of the language is such that if the wirgls orlast are inadvert-
ently omitted from aemove first orremove last statement, the “specific”
form is implied. This will cause an error if the entity referenced is not presently a
member of the set.
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5.6.5 FILE BEFORE and FILE AFTER

It is possible to insert new entities into a set at positions other than the ends by specifying
a position relative to a present member of the set.

A great deal of error checking is automatically done for set operations. Among the error
conditions diagnosed are:

1. Attempts to file an entity in a set of which it is already a member. This includes the
situation of attempting to file an entity in two different sets with the same name, for
exampleQUEUE(l) andQUEUE(J) wherd andl are indices for a permanent entity
which owns &QQUEUE

2. Attempts to remove something from an empty set.

3. Attempts to destroy an entity which is a member of any set. This would, if permit-
ted to occur, destroy the set because of the use of the attributes of the entity as links
in the set.

5.7 Example 6: A Job Shop Model

To illustrate the very general nature of the entity-attribute-set structure, we shall now model
a typical job sop in which several types of jobs are done. Theéeayss described as
follows:

There are any number of different “machines” in the shop. There may be several copies
of identical machines clustered in groups. There are any number of prototype jobs. Jobs
arrive according to a Poisson process at which time their types are randomly chosen
according to an arbitrary distribution. Each job prototype consists of a sequence of tasks.
Each task has a specified machine group and mean completion time. The actual task
times are sampled from exponential distributions using the given mean.

The purpose of the study is to evaluate the performance of the shop for a particular
workload, measuring the utilization of each machine group, and overall delays in the
shop. Experiments which might typically be conducted with such a model include
evaluating the impact of reconfiguring the machines in the shop (adding or deleting),
deciding whethethe system could handle additional job types, whether reordering
the tasks for a certain job type would improve turnaround, etc.

5.7.1 Model Formulation

The machines can be modeled as a single resource comprising several subgroups. Each
subgroup has a number of units representing the number of identical machines in the group.
The various types of jobs can be described by the permanentJ¥BifYPE, and the
sequence of tasks for each type of job can be represented as a set of tempitiesry en
(TASKs) calledSEQUENCE Jobs are represented as processes which are randomly assigned
a job type fronthe system -owned random step variabl#E)B.MIX .
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There is a second proceEXPERIMENTto insert jobs into the shop and print results after
a specified time.

To improve the readability of the output and to simplify the preparation of the input, we
shall specify alphanumeric names for the machines and the tasks, and then perform a
matching operation as the input is read, assigning tasks to proper machines.

The performanceneasurements desired are collecteddghaccumulate andtally
statements on the attributes of the resoukc®, MACHINE andN.X.MACHINE. The
aggregate delay through the shop is recorded separately for each job tyifye biyg the
statistics on th®ELAY.TIME attribute ofJOB.TYPE.

"EXAMPLE 6 A JOB SHOP MODEL

1 preamble

2 resources

3 every MACHINE has a MCH.NAME

4 and a NO.OF.UNITS

5 define MCH.NAME as a text variable

6 define NO.OF.UNITS as an integer variable
7 processes include EXPERIMENT and JOB

8 permanent entities

9 every JOB.TYPE has a JT.NAME

10 and has a DELAY.TIME

11 and owns a SEQUENCE

12 define JT.NAME as an text variable

13 define DELAY.TIME as a real variable

14 temporary entities

15 every TASK has a TK.NAME

16 and a TK.MEAN.TIME

17 and a TK.MACH.ID

18 and belongs to a sequence

19 define TK.MEAN.TIME as a real variable

20 define TK.MACH.ID as an integer variable

21 define TK.NAME as an text variable

22 the system has a MEAN.JOBINTERARRIVAL.TIME
23 and a STOP.TIME

24 and a JOB.MIX random step variable

25 define MEAN.JOB.INTERARRIVAL.TIME and STOP.TIME as real variables
26 define JOB.MIX as an integer, stream 9 variable

27 define SEQUENCE as a fifo set

28 accumulate AVG.QUEUE.LENGTH as the average

29 and MAX.QUEUE.LENGTH as the maximum of N.Q.MACHINE
30 accumulate UTILIZATION as the average of N.X.MACHINE

31 tally NO.COMPLETED as the number,

32 and AVG.DELAY as the average of DELAY.TIME
33 define HOURS to mean UNITS
34 end

Example 6. A Job Shop Model
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main
read N.MACHINE
create every MACHNINE
for each MACHINE,
do
read NO.OF.UNITS(MACHINE), MCH.NAME(MACHINE)
start new RECORD
let UUMACHINE(MACHINE) = NO.OF.UNITS(MACHINE)
loop
10 read N.JOB type
11 create every JOB.TYPE
12 for each JOB.TYPE,

O©CoO~NOOOUTE,WNPE

13 do

14 read JT.NAME(JOB.TYPE)

15 start new RECORD

16 until mode is alpha,

17 do

18 create a TASK

19 read TK.MEAN.TIME(TASK) and TK.NAME(TASK)
20 start new RECORD

21 for each MACHINE,

22 with MCH.NAME(MACHINE) = TK.NAME(TASK)
23 find the first case

24 if found,

25 let TK.MACH.ID(TASK) = MACHINE

26 file TASK in SEQUENCE(JOB.TYPE)

27 else

28 print 1 line with TK.NAME(TASK) and JT.NAME(JOB.TYPE) thus
TASK FOR JOBTYPE ISNOT DEFINED
29 destroy this TASK

30 always

31 always

32 loop

Example 6. A Job Shop Model -Continued
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start new RECORD
read MEAN.JOB.INTERARRIVAL.TIME, STOP.TIME and JOB.MIX
print 1 line thus

EXAMPLE JOB SHOP SIMULATION
skip 1 line
print 1 line thus
THE JOB TYPE DESCRIPTIONS
for each JOB.TYPE,
do

Print 3 lines with JT.NAME(JOB.TYPE) thus
JOB NAM E kkkkkkkkkkkkkkkkkkkk

TASK SEQUENCE
MACHINE MEAN TIME
for each task in SEQUENCE(JOB.TYPE)
print 1 line with TK.NAME(TASK) and TK.MEAN.TIME(TASK) thus
*kkkkkkkhkhkkkkkkkkk * . *%*

loop
skip 1 line
print 2 lines thus

THE JOBS WERE DISTRIBUTED AS FOLLOWS:

NAME PROBABILITY

for each RANDOM.E in JOB.MIX,

print 1 line with JT.NAME(ivalue.a(RANDOM.E)) and prob.a(RANDOM.E) thus
*kkkkkkkkkkkkhkkkkkhkk *.***

activate an EXPERIMENT now

start simulation
end

Example 6. A Job Shop Model - Continued
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94

process EXPERIMENT
until TIME.V >= STOP.TIME,
do
activate a JOB now
wait exponential.f(MEAN.JOB.INTERNATIONAL.TIME, 10) hours
loop
skip 1 line
print 3 lines with TIME.V thus
RESULTS AFTER ** HOURS OF CONTINUOUS OPERATION
JOB TYPE NO. COMPLETED AVERAGE DELAY
(HOURS)

coO~NO UL WNBE

9 for each JOB.TYPE,
10 print 1 line with JT.NAME(JOB.TYPE), NO.COMPLETED(JOB.TYPE)
11 and AVG.DELAY(JOB.TYPE) thus
*kkkkkkkkkhkkkkkkkkkk * *.**
12 skip 1 line
13 print 4 lines thus
DEPARTMENT INFORMATION

NAME NO.OF MACHINES UTILIZATION  AVG. NO. OF JOBS MAXIMUM
IN BACKLOG BACKLOG

14 for each machine,

15 print 1 line with MCH.NAME(MACHINE), NO.OF.UNITS(MACHINE),

16 UTILIZATION(MACHINE) / NO.OF.UNITS(MACHINE),

17 AVG.QUEUE.LENGTH(MACHINE), MAX.QUEUE.LENGTH(MACHINE) THUS

*kkkkkkkkkkhhkkkkkkk * *.** *.** *

18 end

1 process JOB

2 define TASK and JOB.TYPE as integer variables

3 define JOB.DELAY and START.DELAY as real variables

4 let JOB.TYPE = JOB.MIX

5 let JOB.DELAY =0

6 for each TASK in SEQUENCE(JOB.TYPE)

7 do

8 let START.DELAY = TIME.V

9 request 1 unit of MACHINE(TK.MACH.ID(TASK))

10 add TIME.V - START.DELAY to JOB.DELAY

11 work exponential.f(TK.MEAN.TIME(TASK), TK.MACH.ID(ASK)) hours

12 relinquish 1 unit of MACHINE(TK.MACH.ID(TASK))

13 loop

14 let DELAY.TIME(JOB.TYPE) = JOB.DELAY

15 end

Example 6. A Job Shop Model - Continued



6

14 CASTING_UNITS

5 LATHES

4 PLANES

8 DRILL_PRESSES

16 SHAPERS

4 POLISHING_MACHINES
3

FIRST

2.0833 CASTING_UNITS
0.5833 PLANES

0.3333 LATHES

1.0 POLISHING_MACHINES
SECOND

1.75 SHAPERS

1.5 DRILL_PRESSES
1.0833 LATHES

THIRD

3.9166 CASTING_UNITS
4.1666 SHAPERS

0.8333 DRILL_PRESSES
0.5 PLANES

0.4166 POLISHING_MACHINES
END

0.16 40

2411 .442 323 *

Example 6. Input

Chapter 5. Modeling Passive Objects
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EXAMPLEJOB SHOP SIMULATION

THE JOB TYPE DESCRIPTIONS
JOB NAME FIRST
TASK SEQUENCE
MACHINE
CASTING_UNITS
PLANES
LATHES
POLISHING_MACHINES
JOB NAME SECOND
TASK SEQUENCE
MACHINE
SHAPERS
DRILL_PRESSES
LATHES
JOB NAME THIRD
TASK SEQUENCE
MACHINE
CASTING_UNITS
SHAPERS
DRILL_PRESSES
PLANES
POLISHING_MACHINES

THE JOBS WERE DISTRIBUTED AS FOLLOWS:

NAME PROBABILITY
FIRST 241
SECOND .681
THIRD 1.000

RESULTS AFTER 40.01 HOURS OF CONTINUOUS OPERATION

MEAN TIME
2.08
.58
.33
1.00

MEAN TIME
1.75
1.50
1.08

MEAN TIME
3.92
4.17
.83
.50
42

JOB TYPE NO. COMPLETED AVERAGE DELAY
(HOURS)

FIRST 51 18

SECOND 94 32

THIRD 47 18

DEPARTMENT INFORMATION
NAME NO. OF UTILIZATION AVG.NO.OF  MAXIMUM

MACHINES JOBS IN BACKLOG BACKLOG

CASTING_UNITS 14 57 .01 2
LATHES 5 60 47 6
PLANES 4 38 04 2
DRILL_PRESSES 8 59 39 8
SHAPERS 16 73 1.24 13
POLISHING_MACHINES 4 44 .06 2

Example 6. Output
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5.7.1 Program Discussion

Each entity of this model has an attributeteft mode (MCH.NAME,JT.NAME and
TK.NAMB to allow for more readable output. In the inpett®on ofmain (lines 2-34),

these names are read together with numeric data required to configure a shop. In order to
use the free-formead statement, the names must consist of a contiguous sequence of
characters, or the “extra” words will not be read. Consequently, by placing name data last
on adata record and execut#grt newrecord after reading the name, any superfluous
words will be skipped over.

Rather than require the user to count the number of tasleatbrjob type, lines@t31
execute repetitively until the next data field to be read is offifitea mode (i.e., not
numeric). The sample data in figure 5-8 illustrates the intended form. Each job type has a
name which delimits the list of tasks for its predecessor. The avatdielimits the last

task sequence.

Although theJOB.MIX random step variable data are input as individual probabilities, note
that they are printed as a cumulative distribution in the output (figure 5-9). This is because
of the automatic conversion which occurs on input of random variables.

The output ofIOB.MIX (lines 46-47) treats the random variable as if it were a set. The
internal storage of a random variable is a set structure in which system-defined temporary
entities,random.e by name, are stored. These entities have system-defined attributes for
the probability prob.a ) and valuerfalue.a orivalue.a for thereal orinteger

value of the variable). In our example, the table value corresponds to an index of the
permanent entity job type.

The basic time units are chosen to be hours and the appropriate redefinition appears at line
33 of thepreamble

In the processOB the job type is sampled frod®B.MIX and stored as a local variable.
Similarly, TASKis defined as a local variable and used as an index S&EtDEN Caf tasks

for the particular type of job. This is very important! If #SKandJOB.TYPE were not
explicitly defined in this routine, they would refer to the global variables of the same name.
This would be disastrous since no job would “remember” where it was frone quesst/

work to the next.

Job delays are computed by job type. Delays are defined as “time in queue” and do not
include processing time. Since a job is (or may be) multi-task, the delays at all its
processing steps are accumulated in the local variadBDELAY, and are finally passed

to theDELAY.TIME attribute for its job type at completion of its task sequence.

The assignment of random streams is arbitrary. The index of the res@e#NHs used
to choose a stream for each machine’s work time distribution. Stream 9 is used for the job-
mix random variable (line 28 of timeeamble ) and steam 10 for job interarrival times (line

97



Building Simulation Models with SIMSCRIPT 11.5

5 of proces€XPERIMEN). This scheme would require modification if more than ten
machine subgroups were required.

5.8 More Efficient Use of Data Storage

As models grow in complexity, their storage requirements also tend to grow. In
SIMSCRIPT 1.5 a considerable amount of storage can be saved through the use of data
packing. Data packing was an extremely important SIMSCIPT I1.5 feature when computer
memory was very expensive and small. Now that computer memory is so inexpensive, you
should ignore data packing.

All the changes described in this paragraph are accomplished by making changes to the
preamble only. In practice, packing and other assignments are usually omitted until the
program logic is fairly complete and the program is operational.

Attributes may be packed according to several different schemes. Only attributes whose
mode isalpha orinteger may be packed. Packing reduces the range of allowable values
for a variable. The actual range of values depends on the packing chosen and on the
computer word size.

The two most widely applicable forms of packing are designated field packing and bit
packing. In field packing, we assign an attribute to a particular fraction of a word. For
example,

1/4 specifies the first quarter of a word
3/4 specifies the third quarter of a word
2/2 specifies the second half of a word

The allowable fractions are machine-dependentpalih half and quarter packing are
universal. The complete specification of allowable packing factors is found in each
system’s user manual.

Bit packing is specified by an expression of the form:
(ny - np) where 0 <n; < n, <word size
For example,

(1-7) specifies the first 7 bits
(13-17) specifies bits 13, 14, 15, 16, and 17
(32-32) specifies a single bit

All of this is of no value unless we can specify that several different attributes are to be
packed into the same wh We can do this in two waysither by grouping attribute
specifications with parentheses, or by specifying a “word number” for each attribute.

These concepts will now be illustrated:
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temporary entities
every CAR
has a (WEIGHT.CLASS(1/2), ECONOMY.CLASS(2/2)
and a (HORSEPOWER(1/4), WHEELBASE(2/4),
DISPLACEMENT(2/2))

or, equivalently:

temporary entities
every CAR
has a WEIGHT.CLASS(1/2) in WORD 1
and a ECONOMY.CLASS(2/2) in WORD 1

and a HORSEPOWER(1/4) in WORD 2
and a WHEELBASE(2/4) in WORD 2
and a DISPLACEMENT(2/2) in WORD 2

The storage allocation is pictured in figure 5-7.

WEIGHT.CLASS ECONOMY.CLASS

HORSEPOWER WHEELBASE DISPLACEMENT

Figure 5-7. Packed Temporary Entity

The use ofn WORDPhrases has several non-obvious effects. In particular, it is sometimes
desirable to have the same attributes on different entities. These are referred to as “common
attributes” and must be specified using ithewORPhrase. Each entity declaration must
specify the common attribute(s) in the same word(s).

Note: Common attributes are not allowed for permanent entities or resources.

If some attributes are assigned word numbers and others are not, the assigned attributes will
be automatically assigned to available words, filling in spaces between assigned attributes,
if available. Word numbers should be assigned consecutively starting from one. A large
number (e.g., 100) would cause the entity block to be unnecessarily large.

When packing is specified for attributes of permanent entities or resources, the data
structure appears quite different. For example, if we repeat the previous example, but
change to a permanent entity, the structure is as follows:

99



Building Simulation Models with SIMSCRIPT 11.5

permanent entities

every CAR
has a (WEIGHT.CLASS(1/2), ECONOMY.CLASS(2/2))

and a (HORSEPOWER(1/4), WHEELBASE(2/4),
DISPLACEMENT(2/2))

If we then create this entity with six elements as in:
create every CAR (6)

the data structure appears as:

WEIGHT.CLASS J DISPLACEMENT
WHEELBASE
ECONOMY.CLASS HORSEPOWER

Figure 5-8. Packed Permanent Entity

From figure 5-8 we observe that the storage requirement faAg®entities is now 12
words instead of 30.

Another form of packing which apps only to attributes of permanent entities is intra-
packing. Intra-packing is specified separately for each attribute. For example,

permanent entities
every CAR has a HORSEPOWER((*/4)

create every CAR (6)
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Horsepower
(1) (2) (3) (4)
(5) (6) X X

Figure 5-9. Intra-Packing Permanent Entity

Thein WORRoncept may be used with attributes of permanent entities to overcome the
unique-name problem as with temporary entities. However, a umgWORDumber

must be assigned to each attribute of any permanent entity or system attribute. If this is not
done, the two attributes having the sam&vORDumber are effectively equivalenced and
assigned to the same storage area. This can be disastrous because they may be of different
size (attributes of different permanent entities, for example).

5.9 Efficiency Improvements for Set Structures

By default, six attributes and seven routines are defined for every set. Three are attributes
of the owner and three are attributes of each member. They may be packed according to
the techniques of the previous paragraph. Further, if there are to be common sets, i.e., more
than one owner or member entity for a single set, the set-related attributes become common
attributes and must be assigriedWORMumbers.

Common set membership is a dangerous modeling techn{@nee an entity is placed in
a set, it is indistinguishable from other set members except by position in the set. For
example,

temporary entities

every LION
has a P.CAGE in WORD 1
and a S.CAGE in WORD 2
and a M.CAGE in WORD 3
and belongs to a CAGE

every TIGER
has a P.CAGE in WORD 1
and a S.CAGE in WORD 2
and a M.CAGE in WORD 3

the system owns the CAGE

Now asLIONs andTIGERs are created and filed in tB&AGE there is no way to tell what
they are. A possible solution would be to add another common attdbuexample,
ANIMAL.TYPE and code the two types differently.

Another, and perhaps more general, solution is as follows:
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temporary entities
every ANIMAL has a TYPE
and belongs to a CAGE
the system owns the CAGE

Set attributes may also be eliminated when not needed. A pitwelyset requires only
theF, SandL attributes, whereas a purdifp  set requires only theandsS attributes.

The N attribute is never required htyie system but is often used for statistical
measurements. Tattribute is primarily used for diagnostic purposes and should not be
deleted until a program is “fully debugged.”

One advantage of eliminating the unneeded attributdgdor andfifo  sets is to enforce
proper discipline in the set. Because of the default general structure of both, it is possible
to remove other than the next in order from the set.

To delete attributes grocessing routines associated with a set, the set definition in the
preamble is augmented thus:

define STACK as a lifo set,
without P and N attributes
and without FL, FA, RL and RS routines

or,

define QUEUE as a fifo set,
without P and N attributes
and without FF, FB, FA, RL and RS routines

The attributes required for various set operations are listed in table 5-1.

5.10 System Attributes and Arrays

All that has been said about packing of attributes of permanent entities applies equally well
to attributes othe system . However, althe system attributes we have used thus far
have been unsubscripted and packing would be of dubious value if applied only to a single
word of storage!

It is, however, possible to declare attributeshef system as arrays and then to specify

in WORMDr packing for them. It is also possible to declare arrays which are not system
attributes. In this latter case, neither packingimowORIDg is applicable. Arrays may
even be local to a routine.

Permanent entities are a preferred data structure to either dimensioned system attributes or
arrays for several reasons. First, the structure is more “cohesive” in the sense that if a
change is made in the number of elements in a permanent entity, that change is
automatically reflected in the storage allocation for all associated attributes. Whereas with
arrays, the modeler must remember to makethper association. This is particularly
evident when new attributes are added.
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Table 5-1. Required Set Attributes and Routines

Attributes Required Routines Required
Statement
FIL|{P|S|M|N|FFFL|FB|FA|RF RL|RS
file inaranked set X X X
file first X X X
file last X | X X X
file before X X | x X
file after X X X
remove first X X X
remove last X| x| x| x X
remove specific X X | X X
is empty X
isin  set X
Automatic checking® X
foreach Vin set X X
for each Vin set in rev. X | X
for each v from W in set X
for each V from W in setin rev. X
for each V after W in set X
for each V after W in setin rev. X
T Following sections describe automatic set diagnostics performed only when a membership
attribute is included.

Secondly, it is not possible to spec#dgcumulate ortally  statistics on dimensioned
system attributes or arrays.

Even in spite of these negative factors, some useful applications can be found, so we shall
now detail the use of these features.

the system has a CALLS.BY.TYPE(*/4)
define CALLS.BY.TYPE
1-dim, integer variable

In order to allocate storage for this system attributeserve statement is required:

reserve CALLS.BY.TYPE as 20
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would yield a data structure as shown in figure 5-13.

CALLS.BY.TYPE(*)

20

@) (2) ®3) (4)
() (6) ) (8)
©) (10) (11) 12)
(13) (14) (15) (16)
(17) (18) (19) (20)

Figure 5-10. Intra-Packing System Attribute

This is the “real” implementation of array structuré¢ame(*) is referred to as the base
pointer of the array. After the reserve occurs, it contains the address of the block of storage
assigned to the array. The first word or the block contains system information. In one half
of the word is the size of the block (6 in our example). This latter value may be accessed
. For example,

by means of a system-defined functitim.f

for I = 1 to dim.f(CALLS.BY.TYPE(¥)
let CALLS.BY.TYPE(l) = 1

would initialize this array to one in place of the default zeroes.

Arrays (or system attributes) may be multi-dimensioned and need not be rectangular. For

example,

define TRIANGLE as a real, 2-dim array

reserve TRIANGLE(*,*) as 3 by *

for 1 = 1 to dim.f(TRIANGLE(*,*)),
reserve TRIANGLE(l,*) AS |
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would yield an array as shown in figure 5-11.

TRIANGLE(* *)

3 4
T(1%)
T(2%)
T(3%)
3 4 2 3 1 2
T(3,1) T@,1) T(1,1)
T(3,2) T2,2)
T(3,3)

Figure 5-11. Ragged Array Storage Allocation

Whenever array storage is to be deallocated, the statement to use is:
release NAME
or,
release NAME (*)
For example, one row of tTRIANGLEarray above could be released and re-reserved with:

release TRIANGLE (2,*)
reserve TRIANGLE (2,*) as 3

Arrays may be defined locally as mentioned above. However, it is very important to
observe that the base pointer for such an array becomes a local variable and is destroyed
when control passes back from the routine to its calling routiai ( timing routine, etc.)

without automatically releasing the array storage. This is often a source of wasted storage
to the unsuspecting modeler.
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6. Miscellaneous Simulation Topics

6.1 Introduction

This chapter discusses an entirely different mechanism for initiating processes, that of the
direct stimulus from data — or external processes, as they are called in SIMSCRIPT I1.5.
The chapter then elaborates on the implementation of the mechanisms for handling
processes, showing, for example, exactly what happens when two processes are supposed
to occur at exactly the same time.

As an example of the flexibility of SIMSCRIPT I11.5, the implementation of priority
gueueing for resources as it is currently implemented is described, and then how it might
be modified to implement a preemptive process is discussed.

Finally, to complete our detailed discussion of process concepts, we discuss the handling
of process attributes as they relate to the arguments of a process routine, and complete the
discussion of SIMSCRIPT I1.5 subroutine linkage in general.

6.2 External Processes

Sometimes data are available about an explicit sequence of process activations to be
included in a simulation. Sources for such data might be:

* Observations of an actual system
» Tapes generated from a computer performance measurement system
» Historical files such as weather records.
Two procedures for incorporating such data into a model have previously been discussed:

either to find an existing distribution function to approximate the data, or to transform the
data into an empirical distribution to be represented as a SIMSCRIPT I1.5 random variable.

A third possibility is to introduce the sequence of process activations directly into the model

as data. These are known as external (or exogenous) processes. An external process differs
from other processes, which we shall now refer to as internal (or endogenous) processes in
two aspects:

* The mechanism for its activation

* The method of initializing its attributes.
External processes are activated from external data which areadiatmiy read by the
SIMSCRIPT I1.5 system. Each external process activation record must contain the name
of the process and the absolute simulated time at which the activation is to occur.

Following this there may be any amount of additional data to be read by the corresponding
process routine when the process actually activates. ofitee of the external records
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determines the order of the process activations. These records must be in order of
ascending activation time.

In order to use external processes, three steps must be taken:

1. Declare which processes might be triggered externally.
2. Declare where the data to activate the processes are to be found.
3. Prepare the data.

The declaration of external processes and the location of the data are declared in the
preamble . For example,

external process is SPECIAL.JOB
external process unit is 7

The only type of process which may be triggered externally in this example is
SPECIAL.JOB and the data for activatifgPECIAL.JOBs are to be found on logical unit
7. SIMSCRIPT II.5 I/O devices are described more fully in Chapter

Several special situations may arise. Firstxiérnal processe s are declared but no

unit is declared, the standard system input device becomesttheal process

unit by default. Second, multiplait s may be declared, in which case the sequences of
process activations are automatically merged. Finally, even thexighnal

processe s are declared, they need not be activated. Merely omitting the data will
accomplish this. For example, we might use this technique in checking out a new model,
supply a known sequence of process activations externally to verify proper execution, and
then let the model be driven internally for normal execution.

The data for initiating an external process consist of the following:

* Process name

* Process activation time in one of several formats described below
* Any data to be read by the process routine upon activation

» Atermination character.

6.2.1 Process Name

This must be one of the processes defined as being externapmdhble .

6.2.2 Process Activation Time

There are three formats for the repréaBon of the absolute time at which thecess
activation is to occur.

Decimal time corresponds to an absolute time expressioratigte  statement such as,

activate a SPECIAL.JOB at 12.25
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An external process, this same activation would be caused by the following data record:

SPECIAL.JOB 12.25 *

where* is the termination character required at the end of each external process activation
description. This character is the default value of a system-defined vaN&R&.V,
which may be changed by the modeler.

The day-hour-minute format consists of three consecintieger fields. For example,

SPECIALJOB126 0 *

would be equivalent to the above 12.25, i.e., on thed® at 6 am (assuming the default
value of 24 hours per day).

The third format extends the day-hour-minute format by replacingntéger day
representation by a calendar date of the form:

MM/DD/YYYY
For example,
SPECIAL.JOB  5/12/1979 3 10 *

where month and day may be one or two-digéger s, and year should be four digits.
The entire month-day-year expression must not contain any blanks.

Before calendar dates can be used, an origin must be established. This is accomplished by
a call to a system routinetigin.r  , of the form:

call origin.r (mm,dd,yyyy)

Internally, TIME.V records elapsed time from this arbitrary origin, wHEME.V =0
corresponds to the start of the day of origin.

To facilitate time onversions between the internal and external representations, several
system variables and functions are available:

HOURS.V Number of hours in a day. By default 24.

MINUTES.V Number of minutes in the hour. By default 60.

date.f (MM,DD,YYYY)  Converts this triple into a time relative to the origin.

year.f (T) Computes the year corresponding to the given time
expressionT, regardingT as elapsed time relative to the
origin.

month.f (T) Computes the month corresponding to the given time.

day.f (T) Computes the day of the month corresponding to the given
time.

date.f, year.f, month.f ,andday.f all properly account for leap years.
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hour.f (T) Computesthe hour of the day corresponding to the giventime.

minute.f (T) Computes the (rounded) minute corresponding to the given
time.

weekday.f (T) Computes the day modulo 7 corresponding to the given time.

Note: hour.f, minute.f andweekday.f do not require a time origin to have been
previously established, whereas the remainder of the above functions do.

As an example of how these functions are used, consider the following:
call origin.r (1,1,1996)

After some time has passed in the simulation, assume we wish to print the (then) current
date:

AssumeTIME.V has advanced to 552.5. Then,

print 1 line with month.f(TIME.V),
day.f(TIME.V), year.f(TIME.V),
hour.f(TIME.V) and minute.f(TIME.V) thus
the current time ig **/**[x¥x¥* sk xx

would yield:
THE CURRENT TIME IS 7/5/1997 12:00

In paragrapl3.9, we illustrated the possibility of setting process attributes actvate

statement. In an externally activated process the analogous concept is the reading of the
optional data on the externatocess record. Let us assume a pro&d&3RMwvith two
attributes LOCATIONandDURATION In the internal process activation scheme, the
attributes are set as follows:

processes
every STORM has a LOCATION
and a DURATION

activate a STORM giving 1500 and 5 at 23.5 days
The external equivalent of this mechanism is:

processes
every STORM has a LOCATION
and a DURATION
external process is STORM

and the data record:

STORM 1/24/1996 1200 1500 5 *

assuming an origin of 1/1/1996.

110



Chapter 6. Miscellaneous Simulation Topics

Then in the process routine fBTORMwe must explicitly read the data for the attributes,

as in:

process STORM

read LOCATION(STORM) and DURATION(STORM)

The sequence of execution of external processes is so automatic as to seem mysterious to
the uninitiated. The detailed sequence is as follows:

1.

When thestart simulation ~ statement is executed, the timing routine initiates
the reading of each external process unit.

For each unit, the first external process record is read and a process notice of the
corresponding type is created.

The activation time of the process is read and converted to internal time format.

The process notice is then placed on the pending listin chronological order (merged
in with any other existing notices, either internal or external).

The current record of each external unit is stored in a buffer so that at the time the
process notice is selected for execution (by the timing routine), the input conditions
are automatically restored; thus any reading done in the process routine will com-
mence with the next field after the activation record time field.

When an externally activated process returns control to the timing routine for the
first time (upon encounter ofieork, wait, suspend , unsatisfiedequest , etc.),

the timing routine automatically scans the input file for MeRK.V character,
ignoring any intervening data. It then reads the next process name and activation
time and schedules the activation of that process.

If an end of data is encountered afténsRK.V, the system automatically sus-
pends any further reading from that particular unit.

Itis possible to activate the same type of process either internally or externally. Sometimes
it becomes important to be able to ascertain which method was used to activate the process.
For example, if attributes of the process are to be used, they could have been set by aninternal
activation but not by an external activation. Our previous example &ThBMrocess

can now be modified to include both methods of activation.

process STORM

if process is external,
read LOCATION(STORM) and DURATION(STORM)
always

If the process is activated internally, the attributes are set from the given arguments of the
activate  statement, whereas, if the process is externally activated they will be read as
shown above.
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It is important to note that, because of the variable nature of the data to be read by an external
process upon activation, only one activation record from each external process unit is
represented in the pending list at a time. Only after that process is executed is the next
activation record for that unitread. Processes of different types may have activation records
in the same external process unit file.

6.3 Priority and Tie-Breaking Among Processes

Occasionally, process (re)activations are scheduled to occur at exactly the same simulated
time. Itis important to understand exactly what happens in these circumstances. There are
some default precedence rules in the SIMSCRIPT II.5 system. We shall present these rules
and then show how they may be explicitly overridden.

By default, if two instances of the same process are scheduledaotivate  at exactly

the same time, they are treatedifim fashion, i.e., the one which was scheduled first will

be selected for execution first. However, in the case of two processes of different types
which have a time tie, the situation is handled quite differently. The preference is given to
the process which was declared first in pheamble .

We have occasionally activated a process. This is handled separately from the above
scheme and forces the process to occur before any other process which might happen to be
scheduledforthe currenttime. If more than one processis schaowledey are prioritized

among themselves by the above rules.

There are two statements which may be included ipréeenble to override the default
rules. To break ties among different instances of the same process type, the statement is:

break process ties by high attribute

This statement allowtte system to compare the attribute values of the two instances of

the process and order their reactivations based on the relative values of their specified
attributes. This ranking is static inthe same sense that the attribute values must be established
before the process is placed in the pending list. However, when a process is active, it may
change its attribute values so that the next time it is placed on the pending list, it is ranked
(again, only in case of time-tie) by these new values.

To override the rather arbitrary default priority rule for the ties between processes of different
types, the statement is:

priority order is process 1, process o, ...

That is, the processes are listed by name in the order of decreasing precedence. Thisis also
apreamble statement and the order of precedence is static. If only some of the processes
are included in theriority order statement, those which are not included are, in effect,
included after those which do appear, in order of their appearancepireshele .

These concepts can be summarized and perhaps crystallized by explaining the mechanism
by which these features are implemented. For historical reasons, which we shall discuss
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in a subsequent paragraph, the pending list in SIMSCRIPT II.5 is ransedand referred

to as “the event set.” This set is actually several sepataited sets, one for each type

of process. ltis illustrated in figure 6-1. In the figure, we see an instantaneous picture of
the processes which are either awaiting initial activation or are in the middieod aor

wait statement delay. Processes which have either been interrupted, suspended or delayed
due to unavailable resources, do not appear in this set. The event set might represent an
instant in a simulation for which the following statements describe the processes:

preamble

processes include HARBOR.MASTER, CLOSING and EMERGENCY

every SHIP has a TONNAGE
and a CARGO.TYPE

break SHIP ties by low CARGO.TYPE
then by high TONNAGE

priority order is EMERGENCY,
SHIP, HARBOR.MASTER and CLOSING

|
PRIORITY ORDER
f.ev.s
H# T=15 T=15 T =480
T
|
: — X X
B —
R T=17
E
A
K Lv
|
N T=17
G
' : !
l.ev.s

Figure 6-1. Event Set

The processes are assigned to the columns in priority order. Thus, we observe that at the
time of this snapshot, there are no emergencies pending, three ships, one harbor master, and
one closing. The three instances of Si#P process are scheduled te Jactivate  at

times 15, 17, and 17, indicating that a scheduling tie has occurred and been resolved by the

113



Building Simulation Models with SIMSCRIPT 11.5

tie-breaking rule for ships: “Give precedence to a ship with low cargo type, and then if two
tied ships also have the same cargo type, give the preference to the one with higher value
of tonnage.” The attribute values have not been shown in the figure. If all the tie-breaking
rules do not resolve the tie, the final decisiofifas .

The timing routine scans the event set each time a new process is to be selected for execution.
The sequence is:
1. Start with the process class of priority 1 (left-most column in figure 6-1).
If there are no pending processes in this class, skip it.

3. For anon-empty class, compare the reactivation time with that of the “current can-
didate.”

4. If the time is less than the current candidate, this process becomes the current can-
didate.

5. Record the priority class of the new current candidate.

6. After examining all priority classes, remove the current candidate from the event
set.

7. If there are not members in the event set, the simulation is finished.
This description refines somewhat the algorithm presented in figlire

Several variables associated with the event set are useful in various modeling situations.
Each process class has a variable associated with it which contains the process priority. The
name of this variable is derived from theocess name by prefixing . For example,
LEMERGENCY =1 and I.SHIP =2 in the preceding example.

The number of process clasdes a paticular model is recorded in the system-defined
variable,EVENTS.V.

After the timing routine has selected the next process for execution, two variables are set
in order to facilitate reference to the variable:

1. Aglobal variableEVENT.V, contains the priority of the selected process.

2. The global variable which has the same name as the selected process class contains
the reference value for the particular process notice.

Finally, n.ev.s is a function which may be interrogated at any time to determine the
number of pending processes of a certain class. It requires, as an argument, the priority of
the process class in question. For example,

let NO.OF.SHIPS = n.ev.s (I.SHIP)

will count the number o§HIP process notices in the event set and store this value in
NO.OF.SHIPS.
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6.4 Priority Queueing for Resources

In a manner which is analogous to tiebreaking rules of processes, it is possible to
specify a priority for a particular request of a resource. For example,

request 8000 units of MEMORY (1) with priority 10

If the requested resource is available in the amount requested, it is allocated as usual. If
that amount is not available, the request is filed in the queue for the reSQUIMEMOR)Y

This set is actually a ranked set in which the ranking attribute is set fromitthe

priority phrases in theequest statement. If the phrase is omitted, the default priority

of zero is used. The priority values may be immgger value (positive or negative). The
higher values take precedence in determining queue position.

It is important to observe that this priority request mechanism is non-preemptive. That is,
a request which is currently beingtisfied is not preempted by aghipriority request.
Many modeling situations do require such preemption but a number of non-obvious
guestions arise when preemption is considered:

1. Ifanoverhead is associated with a preemption, should it be charged to the preemptor
or preemptee?

2. Should the overhead be assessed at the time of preemption or resumption?

3. Processes which hold several resources concurrently may lose some more while
having already been preempted from others. A preemption counter is needed to in-
dicate the number of preemptions a process is experiencing simultaneously.

The present implementation of SIMSCRIPT IL.5 lays the foundation for the preemption of
resources, but is not complete. Presently, each request for a resource causes an internal
(system-defined) entity to be created. This entjtye , has a pointer to the requesting
processwho.a , the number of units requestqty,a , and the priority of the requepty.a

Qc.e is filed in the resource set for the process, , and either in the queue or working
set for the resourd@.resource  or X.resource , respectively).

An example of this structure is shown below.
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JOB, JOB, JOB,
time.a
eunit.a
p.ev.s
s.ev.s
m.ev.s
sta.a
ipc.a
rsa.a
1 f.rs.s .
) PRI =t I
1 1
CPU (1) 0 0
U.CPU 0 0
FEX.CPU .
FQ.CPU
N.X.CPU 1

N.Q.CPU 2 T JOB,

STORAGE (1) -—J who.a
U.STORAGE 7000 5000 qty.a
FX.STORAGE . 0 pty.a
FQ.STORAGE . p.rs.s
NXSTORAGE 1 S.rs.s
EP.g.resou rce
N.Q.STORAGE 0 [P.X.resource
O
[5.Q.resource
[B.X.resource

O

Figure 6-2. Detailed Resource Mechanism
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Assume the following code fragments have been executed:

main
create every CPU
let U.CPU(1) =1
create every STORAGE(1)
let U.CPU(1) = 12000
forl=1t03

activate a JOB now

start simulation

end

process JOB
request 1 CPU(1)
request 5000 units of STORAGE(1)
work . ..

JOB,; holds one unit aPU(1) and 5000 units S TORAGE(1). JOB, andJOB; are enqueued
for CPU(1) .

When allocation of a resource can be made, after queueing has octtrregystem
automatically movesthe approprigtee fromtheQ.resource settoth&.resource set.

A user wishing to implement a simple preemption scheme could mmee entities
appropriately before making a normal request. This would also require interrupting the
preempted process and preventing it from proceeding until the preemption was ended.

Since the preemption feature is not fully implemented, proceed as in Examudiang
processed to represent preemptive resources.

6.5 Example 7. A Computer Center Study

To illustrate the features of this chapter, let us model a computer center in which jobs are
processed on a priority basis according to a priority chosen by the user. Higher-priority jobs
are processed sooner, but at a premium in cost. Small interactive jobs arrive very frequently
and have a short execution time. These will be modeled as internally generated according
to the assumptions of a Poisson arrival process and exponential service time (truncated to
the prespecified limit on small interactive jobs). Larger jobs will be completely specified
through data.

Letusassumethat contention for storage is also aproblem, and thateach job requires aprespecified
amountof storage. Ifthe storage is available, the program canrunimmediately. If not, the program
will be enqueued accordingto its priority. For multiple jobs with the same priority, the amount

of storage required will be used to break the tie (i.e., smaller jobs run sooner).
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6.5.1 Model Formulation

Small jobs will be generated byGENERATORrocess. Large jobs will be represented as
external processes. The sah@B process can be used to represent both large and small
jobs. The CPU and the storage will be modeled as resources. We shall not allow the
preemption of resources. However, we shall specify priority queueing for the CPU based
on job priority.

We shall run the model for an arbitrary period of time and stop abruptly to produce the desired
measurements. Desired measurements are:

Number of jobs processed
Average job dwell time

Utilization of each resource
Average queue for each resource.

The program listing, sample input, and corresponding results are shown in Example 7.

24
25
26
27

"Example 7 A Computer Center Study

preamble

resources include CPU and MEMORY
processes include GENERATOR and STOP.SIM
every JOB has a JB.PRIORITY
and a JB.MEMORY requirement
define JB.PRIORITY and JB.MEMORY requirement
as integer variables
define JOB.DELAY.TIME as a real variable
external process is JOB
external process UNIT is 7
define SMALL.JOB.INTERARRIVAL.TIME
MEAN.SMALL.JOBPROCESSING.TIME, RUN.LENGTH
and STOP.TIME as real variables
define NO.CPU and MAX.MEMORY as integer variables
define MAX.MEMORY.QUEUE to mean 1IMAX.MEMORY.QUEUE

accumulate CPU.UTILIZATION as the avg of N.X.CPU
accumulate MEMORY.UTILIZATION as the average
of N.XMEMORY
accumulate AVG.CPU.QUEUE as the avg and
MAX.CPU.QUEUE as the maximum of N.Q.CPU
accumulate AVG.MEMORY.QUEUE as the avg
and MAX.MEMORY.QUEUE as the maximum of N.Q.MEMORY
tally AVG.JOB.TIME as the average and NO.JOBS.PROCESSED as
the number of JOB.DELAY.TIME

define HOURS to mean UNITS

28 end "preamble
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1 main

2 let HOURS.V = 1

3 create every CPU(1) and MEMORY(1)

4 read U.CPU(1) and U.MEMORY(1)

5 let NO.CPU = U.CPU(1)

6 let MAX.MEMORY = U.MEMORY (1)

7 read SMALL.JOB.INTERARRIVAL.TIME,

8 MEAN.SMALL.JOB.PROCESSING.TIME, and RUN.LENGTH

9 let STOP.TIME = RUN.LENGTH / HOURS.V

10  print 6 lines with U.CPU(1), U.MEMORY (1)

11 60/SMALL.JOB.INTERARRIVAL. TIME, MEAN.SMALL.JOB.PROCESSING.TIME
12 and RUN.LENGTH thus

ACOMPUTER CENTER STUDY
NO. OF CPU'S ** STORAGE AVAILABLE ****
SMALL JOBS ARRIVE AT THE RATE OF *** /| HOUR
AND HAVE A MEAN PROCESSING TIME OF *** ** SECONDS
LARGE JOBS ARE SUPPLIED AS EXTERNAL DATA
THE SIMULATION PERIOD IS **** HOURS
13 activate a GENERATOR now
14 activate a STOP.SIM in STOP.TIME hours
15 start simulation
16 end "main

1 process GENERATOR

2 until TIME.V >= STOP.TIME

3 do

4 activate a JOB now

5 let JB.PRIORITY.. = randi.f(1,10,1)

6 let JB.MEMORY.REQUIREMENT.. = randi.f(1, MAX.MEMORY,2)
7 wait exponential.f(SMALL.JOB.INTERARRIVAL.TIME,3) minutes
8 loop

9 end

Example 7. A Computer Center Study - Continued
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1 process JOB

2 define ARRIVAL.TIME and PROCESSING.TIME

3 as real variables

4 if process is external

5 read JB.PRIORITY..,JB.MEMORY.REQUIREMENT.. and
6 PROCESSING.TIME

7

8

else
let PROCESSING.TIME = min.f(exponential.f
9 (MEAN.SMALL.JOB.PROCESSING.TIME 4),2 *
10 MEAN.SMALL.JOB.PROCESSING.TIME)
11 always

12 let ARRIVAL.TIME = TIME.V

13 request JB.MEMORY.REQUIREMENT.. units of MEMORY/(1)
14 with priority JB.PRIORITY..

15 request 1 CPU(1) with priority JB.PRIORITY

16 work PROCESSING.TIME minutes

17 relinquish JB.MEMORY.REQUIREMENT.. units of MEMORY (1)
18 relinquish 1 CPU(1)

19 let JOB.DELAY.TIME = TIME.V - ARRIVAL.TIME

20 end

1 process STOP.SIM

2 skip 6 lines

3 print 9 lines with TIME.V, CPU.UTILIZATION(1)*100/NO.CPU,
4 MEMORY.UTILIZATION(1)*100/MAX.MEMORY,

5 AVG.MEMORY.QUEUE(1), MAX.MEMORY.QUEUE(1),

6 AVG.CPU.QUEUE(1), MAX.CPU.QUEUE(2),

7 NO.JOBS.PROCESSED and AVG.JOB.TIME * MINUTES.V
8 thus,

AFTER ** * HOURS

THE CPU UTILIZATION WAS *** 0

THE MEMORY UTILIZATION WAS *** 0

THE AVG QUEUE FOR MEMORY WAS *** JOBS

THE MAX QUEUE FORMEMORY WAS *** JOBS

THE AVG QUEUE FOR A CPU WAS *** JOBS

THE MAX QUEUE FOR A CPU WAS *** JOBS

THE TOTAL NUMBER OF JOBS COMPLETED WAS ok
WITH AN AVERAGE PROCESSING TIME OF *** MINUTES
9 stop

10 end

Example 7. A Computer Center Study - Continued
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JOB 1.00315.00*
JOB2.46127.00*
JOB 3.78 3 3 10.00 *
JOB 9.28 2 2 30.00 *
JOB 10.48 1 4 40.00 *
JOB 24.22 1 5 60.00 *

Example 7. Input

ACOMPUTER CENTER STUDY

NO. OF CPU'S 1 STORAGE AVAILABLE 6
SMALL JOBS ARRIVE AT THE RATE OF 30 / HOUR
AND HAVE A MEAN PROCESSING TIME OF .800 SECONDS

LARGE JOBS ARE SUPPLIED AS EXTERNAL DATA
THE SIMULATION PERIOD IS 12.00 HOURS

AFTER 12.00 HOURS

THE CPU UTILIZATION WAS 47.74 %

THE MEMORY UTILIZATION WAS 10.28 %

THE AVG QUEUE FOR MEMORY WAS 1.17 JOBS

THE MAX QUEUE FOR MEMORY WAS 19.00 JOBS

THE AVG QUEUE FOR A CPU WAS .14 JOBS

THE MAX QUEUE FOR A CPU WAS 2.00 JOBS

THE TOTAL NUMER OF JOBS COMPLETED WAS 364

WITH AN AVERAGE PROCESSING TIME OF 3.535 MINUTES

Example 7. Output

6.6 Monitored Actions

SIMSCRIPT I1.5 provides anechanisnfor intervening just before or just after tan
actions are taken. The actions include creating andogesj ernities, scheduling and
cancelling events (including the corresponding process actiomstohte,
interrupt, work, wait, resume ), filing in and removing from sets.
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In order to use this mechanism, it is necessary to declare the intentionpredinble

with abefore orafter statement. These statements reference a subroutine which must
also be supplied. Arguments are automatically supplied to this routthe kgystem in
accordance with figure 6-3.

Action System Supplied Arguments
create* entity reference
destroy* entity reference
schedule event (or process) reference, time
cancel event (or process) reference, time
file entity reference, owner subscripts
remove entity reference, owner subscripts
* Before create andafter destroy are not allowed

Figure 6-3. Before and After Arguments

The action cannot be avoided by thefore routine, although it may be altered or even
undone by thefter routine.

For example, if one were interested in collecting information on the amount of time entities
spend in several different sets, one could specify:

before filing in queue, call CHECK.IN
after removing from queue, call CHECK.OUT

routine CHECK.IN given JOB and MACHINE
define JOB and MACHINE as integer variables
let JOB.START.DELAY(job) = TIME.V
return

end

routine CHECK.OUT given JOB and MACHINE
define JOB and MACHINE as integer variables
let JOB.DELAY (TYPE(MACHINE))=TIME.V - JOB.START.DELAY(JOB)
return

end

If sets other thagueue are to be included in this measurement, additibefale/after
statements for those sets referencing these same routines could be addedamtiie .
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After addition of thebefore/after statements, aflle andremove statements will be
modified to callCHECK.IN or CHECK.OUT respectively. Routines containifigg/
remove must be recompiled to be affected by teére/after statements.

6.7 Monitored Variables

The mechanism of the preceding paragraph can be extended to apply to actions performed
on any global variable. When this is desired, the mechanism to use is “MONITORING ON
THE LEFT” or “MONITORING ON THE RIGHT.” Aleft- monitored variable has
actions which would change the value of the variable intercepted, wherighs a
monitored variable has actions which would access the variable intercepted.

Monitored variables have data storage as well as programs associated with them. As such,
their storage is allocated in the usual maneeraie, reserve , or initialization for
unsubscripted global variables). Monitoring applies oniréamble -defined variables

or attributes.

As an example of the use of monitored variables, consider a situation in which one variable
changes value continuously dependent on another variable, its rate. For instance, the
current inventory in an oil refinery is a function of the refinery production rate and the rate
at which tankers are unloading oil into the storage tank. We can represent this situation
with two monitored variables, or rather attributes, of the ertiyyK A fragment of the
program is shown in figure 6-4.
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preamble
processes
every TANK
has a TK.NET.RATE
and a TK.INVENTORY
and a TK.TIME.LAST.UPDATE
define TK.NET.RATE as a real variable monitored on the left
define TK.INVENTORY as a real variable monitored on the right
define TK.TIME.LAST.UPDATE as a double variable
end

1 left routine TK.NET.RATE given TANK

2 define TANK as an integer variable

3 define INCREMENT and NET.RATE as real variables

4 enter with NET.RATE

5 let INCREMENT = TK.NET.RATE..*(TIME.V - TK.TIME.LAST.UPDATE..)
6 let TK.TIME.LAST.UPDATE.. = TIME.V

7 move from NET.RATE

8 add INCREMENT to TK.INVENTORY..

9 return

10 end

1 right routine TK.INVENTORY given TANK

2 define TANK as an integer variable

3 define INVENTORY as a real variable

4 move to INVENTORY

5 add TK.NET.RATE..*(TIME.V - TK.TIME.LAST.UPDATE..) to INVENTORY
6 return with INVENTORY

7 end

Figure 6-4. Example of Monitored Variables

6.7.1 Program Discussion

When a change inK.NET.RATE(TANK) occurs—for example, at the arrival or departure
of an oil tanker, or when the inventory in the tank is exhausted, or the tank is fulkéft-the
routine TK.NET.RATE is automatically invoked. The routine executes as follows:

1. Atline 4, the new value GK.NET.RATE is stored in a local variabIl8ET.RATE

2. Atline 5, the change in inventory since the last change in net rate is computed using
the old value ofK.NET.RATE.

3. Atline 6, the time of the last update is made current.

4. Atline 7, the new value afK.NET.RATE is established by copying from the local
variable NET.RATE.

5. Atline 8, the additiondNCREMENTOf inventory is added toK.INVENTORY.
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Note: This statement, which compiles a&tTK.INVENTORY.. =
TK.INVENTORY.. +INCREMENTinvokes theright- monitoring routine for
TK.INVENTORY, but careful examination of that routine will show that no additional
change in inventory will occur, sinG&.TIME.LAST.UPDATE.. has already been
set toTIME.V .

Whenever the value of the inventory is required idii@ routine  TK.INVENTORY is
automatically invoked. It executes as follows:

1. At line 4, the old value offK.INVENTORY is placed in a local variable,
INVENTORY

2. Atline 5, this local value dNVENTORYis updated to the current time.

3. At line 6, this local value is returned to the calling routine as current (updated)
inventory.

Particular attention should be paid to #@er with , move from , and move to
statements in these routines.

Enter with must be the first executable statementlgfta monitoring routine since it
captures the new value of the monitored variable (which is currently computed but not
stored anywhere).

The move statements, which may appear onlylaft-  (from) orright- (to)
monitoring routines, are actually the equivalentof statements. However, they are used
in place oflet statements within monitoring routines to avoid the problem of infinite
recursion.

For example, if we wrote,
let TK.NET.RATE.. = NET.RATE

in place of line 7 of the precedimgft routine TK.NET.RATE, this would require that
theleft routine itself be called in the execution of line 7 and we would quickly exceed a
“recursion limit” in the execution of the program.
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These routines could be used in a program that inCREESNERY andSHIP processes,
which change th&K.NET.RATE and are, in turn, governed by thi€.INVENTORY. The
intended use is illustrated in figure 6-5.
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Figure 6-5. Inventory Measurements Using Monitored Variables
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Assuming some positive value fOK.INVENTORY at time zero, thRET.RATEalso is zero

to start with. When &HIP arrives (at time a), the net rate becomes positive and the
inventory starts to increase. When a sec®itlP arrives (at time b), the rate doubles and
the inventory increases more rapidly. Whe®H#P leaves (at time c), the rate is reduced
correspondingly. Finally, when the seco®idIP leaves, theREFINERY continues to
withdraw olil, thus leaving a negatiV&.NET.RATE and a declining inventory.

The inventory is updated by thedt-routine TK.NET.RATE attimes a, b, ¢, and d. If
the inventory were desired at, say, time e (wheMKRONET.RATE change occurs, the
right -routine , TK.INVENTORY, would be called to update the inventory since time d.

TK.INVENTORY and TK.NET.RATE could also be used to govern the processes with
statements such as:

process REFINERY
while TIME.V < END.SIMULATION
do
if TK.INVENTORY > 0,
subtract REFINERY.RATE from TK.NET.RATE
work TK.INVENTORY/REFINERY.RATE hours
else
suspend
always

Note the strong similarity between the monitored variable concept and the implementation
of the performance measuring statemeatsumulate andtally . In fact, these
statements are implemented using automatically generated monitoring routines. As a
consequence, a variable may not be befth monitored and appear as the object of
accumulate ortally measurements.
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7. Modeling With Discrete Events

7.1 Introduction

Historically, SIMSCRIPT II.5 has been a discrete-event simulation language. In a sense,
discrete events are the atomic elements of discrete simulation. An event occurs at an instant
in simulated time. Since processes have evolved from events, there is a strong resemblance
in the nomenclature.

7.2 Analogy Between Processes and Events
An event in SIMSCRIPT I1.5 is described by the same triple as a process:

* Event notice The data block containing pertinent information about a particular
copy of (or instance of) the event.

* Eventroutine. The program describing the logic of the event, how it responds to
its environment, and how it changes the environment.

* Global variable with the same name as the eventUsed to identify a particular
instance of the event, either at creation time or during execution.

A process may be thought of as a sequence of events. If we wish to replace even the most
elementary process by the equivalent event code, it will require at least two events
whenever we wish to represent a simulated time delay.

Since events are instantaneous, the treatment of attributes and local variables is quite
different from processes. It may be recalled that attributes and/or local variables of a
process are preserved until the process finally self-destructsréaira or end
statement). In the case of events, the local variables are initialized to zero each time the
event occurs, but in addition, the event notice self-destructs on entry into the event routine
(after copying user-defined attributes to user-defined given arguments).

It is quite common to find temporary entities used to pass information from one eventin a
sequence to the next.

A process might be used to represent a telephone call. For example,

process CALL

add 1 to BUSY.LINES

work 5 minutes

subtract 1 from BUSY.LINES
end

representing the simplest sort of process model.

An equivalent event model might be:
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event BEGIN.CALL

add 1 to BUSY.LINES

schedule an END.CALL in 5 minutes
end

event END.CALL
subtract 1 from BUSY.LINES
end

The portion of the processll preceding thevork statement is modeled as one event
(BEGIN.CALL) and the portion after theork statement is modeled as another event
(END.CALL). Theschedule statementis analogous to the proeesisate  statement.

If it is necessary to pass information from one event to another, a temporary entity is
introduced. For example, since resources cannot be used except by processes, we might
proceed as shown in paragraph 7.3 to extend our simple example to include queueing for
available lines.

7.3 Example 8: Gas Station 1A Revisited

The program shown in Example 8 is exactly eglent to ExampldA. The important
differences are:

* The generation of newrrival  events has been included in tréval  event
itself although this could have been put in a separate event.

* The customer entity created irarrival Is disposed of either by filing in the
queue or passing t&ND.SERVICE Otherwise, it would be lost to the system
when the next call was created.

 The eventEND.SERVICE must have an attributeS.CUSTOMERto store the
pointer to the customer with which it is associated.

* More global variables are required than in the process-equivalent model (i.e.,
NO.BUSY, andNO.CUSTOMERS
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" EXAMPLE 8 GAS STATION MODEL 1A USING DISCRETE EVENT LOGIC

preamble
event notices include ARRIVAL
every END.SERVICE has an ES.CUSTOMER
temporary entities
every customer has an TIME.OF.ARRIVAL
and may belong to the QUEUE
the system owns the QUEUE
define NO.BUSY and NO.CUSTOMERS as integral variables
accumulate AVG.QUEUE.LENGTH as the average
and MAX.QUEUE.LENGTH as the maximum
of N.QUEUE
accumulate UTILIZATION as the average of NO.BUSY
end

main
schedule an ARRIVAL now
start simulation
print 4 lines with AVG.QUEUE.LENGTH, MAX.QUEUE.LENGTH,
and UTILIZATION*100 / 2 thus

IMPLE GAS STATION MODEL WITH 2 ATTENDANTS

AVERAGE CUSTOMER QUEUE LENGTH IS * ***

MAXIMUM CUSTOMER QUEUE LENGTH IS *

THE ATTENDANTS WERE BUSY *.** PER CENT OF THE TIME.
end

Example 8. Gas Station Example 1A Revisited
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1 event ARRIVAL

2 if NO.CUSTOMERS < 1000,

3 add 1 to NO.CUSTOMERS

4 create a CUSTOMER

5 let TIME.OF.ARRIVAL(CUSTOMER) = TIME.V

6 if NO.BUSY = 2,

7 file CUSTOMER in QUEUE

8 else

9 add 1 to NO.BUSY

10 schedule an END.SERVICE giving CUSTOMER
11 in uniform.f(5.0, 15.0, 2) minutes

12 always

13 schedule a ARRIVAL in uniform.f(2.0, 8.0, 1) minutes
12 always

15 end

1 event END.SERVICE given CUSTOMER

2 define CUSTOMER as an integer variable

3 let SERVICE.TIME = TIME.V - TIME.OF.ARRIVAL(CUSTOMER)
4 destroy CUSTOMER

5 if QUEUE is not empty,

6 remove the first CUSTOMER from QUEUE

7 schedule an END.SERVICE giving CUSTOMER

8 in uniform.f(5.0, 15.0, 2) minutes

9 else

10 subtract 1 from NO.BUSY

11 always

12 end

Example 8. Gas Station Example 1A Revisited - Continued

The output is identical to that of Example 1A.

SIMPLE GAS STATION MODEL WITH 2 ATTENDANTS
AVERAGE CUSTOMER QUEUE LENGTH IS 7.809
MAXIMUM CUSTOMER QUEUE LENGTH IS 21
THE ATTENDANTS WERE BUSY 98.64 PER CENT OF THE TIME.

Example 8. Output
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7.4 Additional Event Commands

Continuing the comparison of processes and events, the following should be noted:

Events and processes may be intermingled in a model.
Events mayactivate  orinterrupt processes.
Processes magchedule orcancel events.

Internally, event notices and process notices cohabit in the event set or “pending list
(ev.s ). Each has a unique priority class.

Events may be scheduled via theéernal  route (i.e., external data).

7.4.1 Cancel Statement

In order to prevent the occurrence of an event known to be currently scheduled (i.e., on the
pending list), the statement to execute is:

cancel EVENT

whereEVENTmust point to an event awaiting execution. Thecel statement merely
removes the event notice from the event set. It does not change the valuenefats
attribute asnterrupt does with a process.

133



Building Simulation Models with SIMSCRIPT 11.5

134



8. Input and Output

8.1 Introduction

Until this point we have used only the most rudimentary input and output commands.
Powerful input/output concepts are incorporated in SIMSCRIPT 11.5. These include
automatic page tithg, chaacter string manipulationgprmatted nput/output, ability to
process multiple files, and generalized reports (multi-page in width as well as length). This
chapter addresses these concepts.

8.2 Review: Free-Form Read and the Print Statement

The simplest input statement is the free-forad . The requirements for using this
statement lie mainly with the data preparation. Each variable in the statement will be filled
in order from successive data fields, where a data field is delimited by blanks or the end of
arecord. Mode conversions are performed automatically in those combinations which are
permitted. Refer to figuré-2. Data fields are the primary organizational entity in free-form
input. A singleread statement may read several records, or conversely, several separate
read statements may be read from the same record.

For example, then,

read X, Y, NAME, M, and N
will accept any of the following sets of input records and produce identical results:

1. 50 6 ABC 9 99

2.5 6.0 ABC
9 99

3.5
6.0
ABC
9
99

Observe that:

* Integer variables must be filled with integer data, wheneas variables will
permitinteger  data (and convert them).

* Alpha variables have a particular platform implementational dependency, i.e., the
number of characters read varies from one implementation to another. The number
of characters read is exactly the number that can be stored in one computer word.
If more characters appear in the data than can fitin one word, only the exact number
are read and the input mechanism is left positioned to read the next character. Of
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course, if the data field length is less than or equal to the number of characters in
one computer word, normal processing occurs. Because of the nuisance this feature
introduces, théext variable is provided to allow complete machine independence.
See paragraph 8.3.

It is possible to skip unwanted free-form data with either of the following statements:
skip E fields

or,
start new record

For example, to create a “user-friendly” input routine, one which forgives misspellings, the
following sequence might be used:

until mode is not alpha,

do
print 1 line thus
PLEASE ENTER NUMERIC DATA ONLY
skip 1 field

loop

read X

Using the “look ahead” feature of tlhede is expression, this program will reject all
alpha mode input data with a message to the user. Only when a purely numeric field of
data is encountered will its value be recorded in the varkable

Two more tests may be used in conjunction with free-form input for determining whether
data have been exhausted, either on the current record or entirely. The tests are:

if data is [not] ended
and,
if card is [not] new

Each is a “look ahead” feature which does not cause any actual data to be read. They
merely determine whether any data remain to be read, or whether the next data to be read
is the first field of a record, respectively.

The only output statement used thus far isdti@ statement. Arint statement is
composed of a list of variables (or expressions) and a format for the variables. Refer to
paragraplt?.6. For instance,
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print 3 lines with M,X,N,Y and NAME thus
FOR M =* x ig *.***

N - % Y |S *.***
CASE NAME ****

Recall the following properties @fint statements:

» There must be a 1-to-1 correspondence between expressions in the list and formats
(“pictures” composed of asterisks in the format).

 The numericimprint Nlines governs the number of successive input records to
be processed as format.

* Record boundaries are significant in this context (in order to ¢tioast ).
* In numeric formats, blanks preceding an asterisk serve to extend the field to the left.

* Ifthe value cannot be printed meaningfully in the allotted space, an error condition
will be printed, but will not stop program execution.

Finally, there are several commands for controlling the spacing of output:
skip N lines

will introduce blank lines into output up to one full page;
start new page

will move the output position to the beginning of a new page (unless already there); and
page is [not] new

is a logical test which may be used to determine where the next output will be printed.

8.3 TEXT Mode

To relieve the problems caused by truncatioalgiia mode variables to the word size of
the various computers, a more general and machine-indepeagenmode has been
introduced.Text variables contain strings of characters of virtually any length. They may
be read from data, printed, compared, and changed by concatenation or by extraction.

Global variables, attributes of any type of entity, and local variables may alltbet of
mode.

Text literals may be used in assignment statements and as arguments to subroutines.

8.3.1 Free-Form Input

Avariable oftext mode may be initialized byraad statement. The data field to be read
may contain any number of alphanumeric characters, but will terminate at either the first
blank or the end of the record (whichever comes first). For example,
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define TYPE and NAME as text variables
read TYPE and NAME

with data as,
PORT VALDEZ
The assignment is equivalent to the statements:

let TYPE = "PORT"
let NAME = "VALDEZ"

8.3.2 CONCAT.F(A, B)

Twotext variables can be combined via ttumcat.f  function. Theconcat.f  function
requires twaext mode arguments. For example,

let LONG.NAME = concat.f(TYPE, "_")
let LONG.NAME = concat.f(LONG.NAME,NAME)

produces, first, "PORT_"
then "PORT_VALDEZ"

This example illustrates the use ofeat literal, the underscore enclosed in quotation
marks.

Eachtext variable in a program is stored as a separate string. Befexe avariable is
changed (asin line 2 of the above example), the old character string is automatically erased.

Null strings are supported as legett strings. Some of the followingxt support
functions may, on occasion, produce null strings.

8.3.3 LENGTH.F (A)

Thelength.f  function returns théinteger value of the number of characters in the
text character string pointed to By If Ais the null string, the result is zero.

8.3.4 MATCH.F (A, B, I)

Thematch.f function scans the character string pointed to byettie variableA, starting

at thel + 1 Stlocation inA. If the string matching thext variableB is found, the
location of the first character of the first occurrence of that string is returned as an integer
result. If no matching string is found, a zero is returned. Be@thdB are unchanged.

If either A or B is the null string, a zero is returned. Alsol, i 0, the search starts at the
beginning of the string.

For example,
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let space = match.f (LONG.NAME,"_",0)

will return a value ob when the value dfONG.NAMES " PORT_VALDEZ

8.3.5 SUBSTR.F (A, |, J)

There are actually two different functions referenced by the sabstr.f . One is used

for extracting a substring from an existing string and the other is used for replacing part of
a string. Which function to reference istdrmined solely by the context in which the
function name appears. For example,

let C = substr.f(A,1,J)

Thisright -handed reference tubstr.f  extracts a character string of lengtktarting
from thel position inA. A new character string is formed.remains unchanged.

As a second example,
let B = substr.f(A,1,J) = C

This left- handed reference wubstr.f  replaces characters in the character string
pointed to byA by characters from the character string pointed t&.bylhe firstJ

characters of replace thg characters oA starting from the t character oA.

If Ais the null string, or if orJ is zero, or ifi points beyond the end &f this function
does nothing. If theight -hand stringCis the null string, the portion @fspecified by

andJ is replaced with blanks. If specifies a length longer than thaiptrailing blanks

are supplied. The value dfis automatically adjusted so that writing does not extend
beyond the end of the character string pointed . byhat is, this function cannot be used
to change the length of the character stAng

8.3.6 TTOA.F(A)

This function returns the first characters of theext variableA in alpha format. The
number of characters returned,is computer dependent, i.e., the number of characters in
analpha variable for the specific implementation.

8.3.7 ITOT.F(l)

This function returns the pointer to a character sterg variable representation of the
integer  variablel .

8.3.8 Text Comparisons

Comparisons betweeanxt variables or literals are treated as comparisons on a character-
by-character basis after a shorter string has been extended with blanks. Usual comparisons
are for equality or inedlity, but, other comparisons are permitted (greater than or less
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than). The result of these comparisons (<, >) depends on the host computer collating
sequence and thus may produce different results on different computers.

8.3.9 Storage Considerations

Since eaclext variable is stored as a separate string, the amount of storage ueed for
variables can become large. However, the allocation and deallocation of storage is handled
automatically, consistent with other data structures in SIMSCRIPT I1.5.

For example, all unsubscripted local variables ofi¢tke mode are automatically erased
on return from the routine. Also, when an entity witkya attribute isdestroy ed, the
character string is erased. Finally, whetexa array isrelease d, the individual
character strings are automatically erased.

When you want to eraseext variable explicitly, use the statement:
erase VARIABLE

This statement deallocates the character string storage and SéARtABLE to the null
string. It is equivalent to:

let VARIABLE ="".

8.4 Report Generator

Theprint statement, which has been employed in every example so far, has been quite
adequate for producing output either of messages or the values of variables.

The goal of simulation is to produce infation about the system being studied. Such
information should be in a form easily read by someone who is not familiar with the details
of the program, much less the programming language in which the model was written!

Additional features of therint statement are now imtduced which contribute to the
generalization of output genemai. Thesedatures are available only withirreport

section. Areport section in SIMSCRIPT II.5 is contained within a pair of ohiters,

begin report andend. A report section is not a routine. Hence, it must be contained
within a routine (process, evemtain , etc.). Report sections allow for automatic page
titing, automatic pagination, and an easy expansion of columnar output to multi-pages in
width as well as length. A report may be forced to begin on a new page by adding the
phraseon a new page to thebegin report statement.

8.4.1 Automatic Page Titling

Within areport section, @eading section is used to specify titling information. The
flow of control within a report follows normal conventions except fohtealing section.

A heading section is executed the first time it is encountered. After that, and while control
remains within theeport sectionthe system automatically counts output lines. Each
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time the maximum number of lines on a page is reachedsystem automatically issues
a new page command and executesh#zling section.

As an example,

1 main
2 begin report
3 print 2 lines thus
TABLE OF
SQUARES SQUARE-ROOTS AND RECIPROCALS
4 skip 1 line
5 begin heading
6 print 1 line with PAGE.V thus
N N**2 SQRT(N) 1/N
7 skip 1 line
8 end
9 for N = 1 to 1000,
10 print 1 line with N, N**2, sqgrt.f(N), and 1/N thus
* *. *.**** *.****
11 end
12 end

The execution of this program is as follows:

1. Theprint statement (line 3) is executed once and one blank line is “printed” (line

4).
2. Theprint andskip intheheading section are executed.
3. Assuming a standard of 55 lines per pageptihe statement (line 10) is executed

forN=1,2,..50
4. Thesystem detects a full page, increme®&GE.V and re-executes theading
section.

5. Theheading section consumes two lines of the new page. Therefore, the remainder

of the second page is filled with output from phimt statement (line 10) fax
=51,52...,103

6. Steps 4 and 5 repeat umik 1000 .
7. When control passes out of tle@ort section, théeading is deactivated.

8.4.2 System Variables Related to Output

Several system-maintained variables were referred to in the above example either explicitly

or implicitly. They are:

LINES.V The number of lines to be printed on a page. The default value is platform

-dependent.
LINE.V  The current line number. Ranges from LHYES.V .
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PAGE.V The current page number. Starts at 1 by default, but may be initialized by
the user. Each time a page is fillBAGE.V is incremented by one.

Two more system variables serve to generalize the featurespafra  section and allow
them to be used throughout a program, whereas a report is confined within a single routine.

PAGECOL.V When not set to zero (the default value), this variable serves to specify the
printing of a page number on every page of output from the program. The
value of the variable is the column number of the first letter of the phrase
page *k%k

HEADING.V When not zero (the default value), this variable serves to request execution
of a routine every time a new page of output is started. The value of the
variable is the name of the routine.

For example,
let HEADING.V = 'TITLE'
The user must then supply a routine namiEdLE .

Until now, our use of thprint  has been confined to producing output lines no longer than
the lines of source in our program (usually 80 columns). However, since printers are
usually wider than 80 columns (typically 132 columns), a means is provided for specifying
these long formats.

print i double lines thus

followed by2i format lines will printi lines of 132-column output. The “long” lines of
output will be formed from 80 columns of the first of each successive pair of records and
52 columns of the following record in each pair. Variables and formats may be used as
“single” lines. For input devices with other than 80 columns, adjustment is made by the
compiler through installation or compile-time parameters. Forinstance, if 72-column input
is the norm, then 72 + 60 columns would be used to form a double line.

On occasion itis necessary to print two or more fields of data contiguously. To accomplish
this, the first asterisk of the second and successivegtanits fomats is replaced by a
single parallel (|). If this is not done, two contiguous formats merge into one.

print 1 line with A and B thus **[*

assumingA andB arealpha (ortext ) variables,
A ="AAAA" and B = "BBBB"

The resulting output line is:

AABB
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8.4.3 Multiple Page-Width Reports (Column Repetition)

As models become more complex, it is often desirable to specify fairly general reports and
allow the specific output generated to be dictated by the data structures of the program at
run time. One such possibility in SIMSCRIPT 11.5 is the column repetition feature. To use
this feature, specify the format of a single page of output, and the indexing control, which
(may) extend the output to multiple pages in width. Optionally, certain information may
be suppressed to be printed only on the last or right-hand page.

As an example, consider the printing of a two-dimensional matrix of a size determined
during program executiors(l,J)  is a matrix of sizéaby N.

1 begin report printing for J =1 to N,
in groups of 5 per page
2 begin heading

3 print 1 line with a group of
J fields thus
* * * * *
4 skip 1 output line
5 end
6 forl=1to M,
7 print 1 line with | and
a group of X(1,J) fields thus
* * * * * *
8 end

If Mis less than 54 ardiis less than 6, a single page of output is produced as shown in figure
8-1.

* % Kk p
* % X PN
* %k
* * kN
* % * ]

wWN -

Figure 8-1. Column Repetition Illustration
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However, ifNwere 7, an additional page of output would be produced as shown in figure
8-2.

* % * O)
* Ok kg

WN -

Figure 8-2. Column Repetition Continuation Page

If it is desirable to print two variables intermingled, one might write:

print 1 line with | and a group
of X(1,J), Y(l,J) fields thus

* *k Kk kkk k kkkk k kk k k k% Kk %

A format must be giverfor each output value. Furthermoed, repeatedormats must
agree in mode, although the width (number of characters) may differ.

It is not possible to write:

print 1 line with a group of | fields thus

* * % * * %

A final feature makes it possible to generate attractively labeled reports that have row, as
well as column, summarizations, even if the reports use column repetition. This is
accomplished by adding a clause toghet statement that suppresses some output until

all column repetition data have been printed. Our previous example, if modified as shown
here, would produce a second page as shown in figure 8-3, rather than that of figure 8-2.

print 1 line with |, a group of
X(1,J) fields and SUMX(l)
suppressing from column 70 thus

* *k kk kk k% kk kkkk

tolumn 70
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6 7
l * * * * *kkk
2 * * * * *kkk
3 * * * * *kkk

Figure 8-3. lllustration of Column Suppression

8.5 Formatted Input/Output

The input/output requirements of the majority of programs can be satisfied with the free-
form read statement, th@rint statement, and theport features of the previous
paragraph. There are occasions when more elaborate mechanisms are required. For input,
this would include situations where data are available, but in a form not compatible with
the free-form specifications (for instance, not separated by blanks).

It is possible to specify a format for the reading of input data. It is equally possible to use
the same formatting mechanism to specify the writing of output rather than fioruse
statements. The general form of the statements for these actions is:

read VARIABLE LIST as FORMAT LIST
or,
write ARITHMETIC EXPRESSION LIST as FORMAT LIST

whereFORMATLIST is composed of the individual specifications of each data field plus
any number of positioning directives.

There are six data field descriptors for describimeger (1 ), decimal D), scientific €),
computer-dependenc), alpha (A), andtext (T) formats.

In addition, there are five descriptors for positioning the “pointer” to the data. These are
beginning columng), skip columns $), start new record/ (), start new page-§, and
character-string delimiters'(). The latter two descriptors apply only to output formats.

It is important to know the actual length of the input/output record. An attempt to read
beyond the end of a record with a formatteat will cause a fatal error. An attempt to

write  past the end of a record will cause a new record to be started. As in the case of free-
formread statements, both formatteshd andwrite statements start their operations at

the current position in the input/output. That is, neither automatically moves to the
beginning of the next record.

The data format descriptors are as follows:
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The general form of the data descriptors is,
nXxe

wheren is aninteger  value specifying a number of consecutive fields. If omitteid,
understood to be 1.

Xis one of the lettera, C, D, E, | , OrT.
e is an expression describing the specific format.

There must be at least one blank before and 4ftétfowevern ande may be enclosed in
parentheses, in which case no space is requiredn)X€)

The specific requirements are shown in table 8-1.
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Table 8-1. Descriptors for Read/Write Statements

I: INTEGER
Format Rules
nle 1. Parameten must be amteger , bute can be
an expression.
where:

n is the optional number of con
secutive fields

| is the descriptor
e is the field width

. On inputthe system treats leading, embe(

ded, and trailing blanks as zeros.

D: DECIMAL
Format Rules
n D(a,b) . Parameteti must be amteger , buta andb
where: can be expressions.
n is the optional number of co| 2 Adecma! point is optlonal in the input dgta
Lo field. If it is present it overrides the locatipn
secutive fields o : s .
implied byD. If the decimal point is omittef
D is the descriptor (on input), a decimal point is implied befofe
a is the total field width includind¢ e first digit of thev field.
the sign, integer digits, decim{ 3. The scienrific format can be used for inpyt to

point, and fractional digits.

b is the number of fractional dig

aDformat.

E: SCIENTIFIC NOTATION

Format

Rules

nE (a,b)
where:

n is the optional number of con
secutive fields

E is the descriptor

a is the total field width including
the signjnteger  digits, deci-
mal points, fractional digits, th
letterE, sign of the exponent,
and the exponent.

b is the number of fractional di
its.

. Parameteti must be afnteger

, buta andb
can be expressions.

. Atleast one blank must appear betweand

E.

. The general form of input data is:

EXXXXXXE £XX

. TheE format is similar to th®format. Hows

ever, on input, either tHeor the sign of the|
scale factor (power of 10) must be preser

—
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Table 8-1. Descriptors for Read/Write Statements-Continued

A: ALPHANUMERIC

Format

Rules

nAe
where:

n is the optional number of con
secutive fields

A is the descriptor
e is the field width

. Parameter must be aimteger

. At least one blank must appear betweamd

an expression.

A and between ande.

. Characters are left-adjusted in a word with

trailing blanks.

, bute can be

. On input, if more characters are specified than

can be stored, the left-most are stored and the

remainder are skipped.

C:. COMPUTER REPRESENTATION

Format

Rules

nCe
where:

n is the optional number of co
secutive fields

C is the descriptor
e is the field width

1. Parameter must be afnteger

. Thec descriptor is computer-dependent.

an expression.

. At least one blank must appear between 1

c and betweelt ande.

example, on the Sun, the formaB writes
eight hexadecimal characters.

, bute can bg

and

For

B: BEGINNING COLUMN

Format

Rules

bE
where:
B is the descriptor

e is the column number at whic
to position the input/output deg
vice

. Parametes can be an expression.

. At least one blank must appear betwg@md

. Parametes specifies the position in which tf

4.B descriptors need not be in ascending ord

e.

first character of the input/output value is
located, anthe system positions the currer
input/output pointer to that location.

a format list.

e

—t

brin
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Table 8-1. Descriptors for Read/Write Statements-Continued-Continued

S: SKIP COLUMN

Format

Rules

Se
where:
S is the descriptor

e is the number of columnsto s

1. Parametet can be an expression and musf be
positive.

2. At least one blank must appear betweamd
e.

3. Parametes specifies the number of positiops
to skip from the present position.

[ SKIP TO NEW RECORD

Format

Rules

Each slash skips to a new record on the currept in-

put/output unit, e.g., the next print line.

*: SKIP TO NEW PAGE

Format

Rules

1. The* descriptor ejects one page on aline
printer on output only.

2. This descriptor is disregarded if used in other
circumstances.

""" CHARACTER STRING

Format

Rules

1. All characters to be printed exactly as theyf ap-

pear are enclosed in quotation marks.

2. A character string must be contained within
one record.
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Table 8-1. Descriptors for Read/Write Statements-Continued-Continued

T. TEXT

Format Rules

nTe 1. Parameten must be arnteger , bute can

be an expression or &n

where:
2. At least one blank must appear betweamd

n is the optional number of co T and betweefi ande.

secutive fields ) . N . .
3. Ifeisan* it specifies a special form of inpyt,

T is the descriptor in which the next input character read is t¢ be
e is the field width used as a character string delimiter.

4. e may express a format which extends ¢ver
multiple input (or output) records.

The following examples show these formats in use.

8.5.1 Examplel
read X,Y,andZasl13,21,2

Column number

0O 00O OO OO0OTO0O?1
1 2 3 456 7 8 90
1 6 O 3 8
Will assignX =160, Y =3 ,andz=8 .

8.5.2 Example 2

read X, Y,and Zas | 2, 2 D(10,3)

Column number

0Oo0o00O0OO0O0OO0OO0OO0O11TI1121121211112 2 2
123 456 7 8 90123 456 789012
- 5 1 6 8 2 2 3 6 9 3 4 9
Will result in X=-5.0

Y =16.82

Z=2369.349
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Note: Itis assumed, Y, andZ are of modeeal . Theinteger value5 is converted to
real oninput. The value assignedvtdias an overriding decimal point and the datafor
uses the format to locate the decimal point.

8.5.3 Example 3
read TEXT1 and TEXT2asT 1,B 1, T*
Column number

0 O
1 2

w O

0 0O
5 6 7

© O
O -

0
4

©» o0 O

$ N A L |

pd

This operation results in:

TEXT1 ="$"
TEXT2 ="_NALIN"

8.5.4 Repeating a Format

Sometimes it is desirable to repeat a format a specified number of times and then start a new
record. The following format permits this:

start new record
forl =1 to N,
read A(l) as (4) 16

or,

forl=1toN
read A(l) and B(l) as (10)I 2, D(6,2)

In both examples, the reading is assumed to begin in the first column of a record. After the
format has been used the number of times specified in the preceding parenthetical expression,
a new record is read. The statement can terminate in the middle of a record of input.

This same concept can be applied to output. The input/output statement must be under the
control of afor phrase.

8.6 Multiple Input/Output Devices

The default conditions of SIMSCRIPT 1.5 are such that we have not been concerned with
the identification of input/output units. Units actually do have “logical” numbers. By
default, Unit 5 is the system input device and Unit 6 is the system listingedeWhat
physical devices these logical units are associated with is of no importance to this
discussion.
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When it is necessary to address units other than the standard units, the change is made thus:
use E for input

or,
use E for output

Several factors are taken into account by these statements. First, all the unit information
regarding the current device is preserved. Then the previously preserved unit information
for the specified device is made accessible. Unit information includes the following for
each device:

1. The current record contained in a buffer.

2. The last column accessed within the bufReEOLUMN.\Mfor input, WCOLUMN.¥or
output.

3. The end-of-file flagEOF.V (meaningful only for input).
For an output unit, the following additional information is preserved:

The current line numbetINE.V ).

The number of lines per pagaNES.V ).
The current page numbe&rAGE.V).

The current heading routindEADING.V).

8. The current pagination columRAGECOL.V.

N o g bk

Only the unit information about the current input or current output device can be accessed
by the user. When a device is selected, the information is made available bytisetting
system variableREAD.V (for input) orWRITE.V (for output).

1. The current record:

On input, the existence of this buffer makes it possible to “look ahead” with
commands such #s modeis alpha orwhile data is not ended. There are

also two functions which can be used to determine where the next data field starts
(sfield.f ) orendséfield.f ). Itisalso possible to reread data contained in the
buffer via theread formatB (setting the next column to be read back to previously
read information. A slasli[format orstart newrecord statement reinitializes

the buffer to all blanks).

On output, the buffer may be modified after writing either by rewriting (viathe
format) or explicitly, character by character, through use ofdhé function.

let out.f(7) ="A" changes the seventh character in the output buffer to

let1 =1 to 132,
with out.f(l) = "b"
let out.f(l) = "."
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This loop will test each position in the current output buffer for existence of a blank.
Each blank found will be replaced by a period.

The last column indicat®COLUMN.\andWCOLUMN.\ére moved by operations
either of free-form or formatted input/output. They may be tested and/or changed
via statements such #dgard is new orwrite as B 32

The end-of-file indicator.

It is possible to exercise control over end-of-file conditions vi&e.V variable.

By default, encountering an end-aiefduring aread operation is a fatal error.
However, you may specify that an end-of-file is to be processed differently. If
EOF.V = 0 when an end-of-file is reached, the error condition is reported.
However, ifEOF.V is not zero, it is set t®, the variables which have yet to be read
are set to zero, and control passes to the statement followingathe By testing
EOF.V, you can determine whether an end-of-file has been encountered.

. LINE.V, LINES.V, PAGE.V

In order to change or test the values of these variaMRETE.V must currently
address the unit of interest. For example,

use 8 for output
let LINES.V =43
let PAGE.V =500

would cause output to go to unit 8 at 43 lines per page and be paginated from page
number 500. Also, all succeeding output would be directed to unit 8.

. HEADING.V andPAGECOL.V

A separate copy of these variables is maintained for each output unit. A single unit
can beuse d only for input and output at one time. If the current input uniesi

for output, the current input unit reverts to the standard input unit (5). Similarly,
using the current output unit for input will cause the current output unit to revert to
the standard output unit (5 or 6, depending on the implementation).

8.7 Miscellaneous Input/Output Features

8.7.1 Rewind Statement

In order to reposition a unit at its first record, tb@ind statement is used:

rewind E

After a unit has been rewound, it is logically disconnected, thus requitisey statement
before subsequent input/output to (from) that unit.
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8.7.2 Using Phrase

It is possible to specify a temporary change in input/output unit (for the duration of one
statement), by appending the phrasiag unit E to any input/output statement. For
example,

read A using unit 7

would cause a temporary switch to unit 7 for input and revert to the previously specified
input unit afterward. If we assume unit 5 is the current input unit, this single statement is
equivalent to:

use 7 for input
read A
use 5 for input

As a matter of efficiency, this phrase should not be used excessively. For example,

for I =1 to 1000
read A(l) using unit 7

is much more costly than:

use 7 for input

for | = 1 to 1000,
read A (I)

use 5 for input

since the input unit information is switched only twice rather than 2,000 times!

8.7.3 Buffer

There are situations when input/output operations are convenient to use for data
conversion, compression or expansion, even though no actual transmission to or from the
program is desired. When this is desired, a virtual input/output device called the buffer may
be used. For example,

forl =1to 4,
write A(l) as a 1 using the buffer
read NAME using the buffer

AssumingA andNAMEarealpha variables, if the arrax contains the lettery,B,C,D ,
then after execution of the above cod@ME contains the stringBCD

A much more exotic use of this feature is in conjunction with the initialization of random
variables. IrExample 6we illustrated the use of a random step variable to select a job type
from a distribution of job typesIOB.MIX). In the example, the data foitializing the
random variable were read as input. If the data were either “built-in” to the program, or
possibly were to be derived from otheata by some data reduction technique, a very
simple means of initializing the final random variable would be to write the déta to
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buffer and then read the data from there to form the probability distribution. For
example,

write as ".241 1 .44 2 .32 3 *" using the buffer
read JOB.MIX using the buffer

will accomplish theJOB.MIX random variable initialization.

Similarly, if the values of probability and variable were deriffedn compuation and
stored in array® andV, the following code would initialize the random variable:

use the buffer for output
write as /
forl=1to N
write P(l) and V(I) as S 1,D(6,3), S 2,14
write as S 2, "*"
read JOB.MIX using the buffer

In this example, one possible problem exists in thatudffer is a single record of a given
size. If that size is exceeded on output, it wraps around, overwriting previously inserted
data. The length of theuffer is contained in a system variabB)FFER.V. By default,

this variable is initialized to 132. In order to have a diffebaiffer ~ size, one must assign

a different value tBUFFER.V prior to its first useréad , write , oruse statement).

8.7.4 Input/Output of Binary Information

When data are to be recorded for later processing, and no “human readable” form is required, a
very efficient mechanism exists for iting to and reading from input/output units which

store binary information (tapes, discs, etc.). In place of a format, the phrasary in

aread orwrite statementis all that is required. Of course, the physical device must be
capable of storing information in this form. Thus, the terminals and printers are precluded.

8.7.5 External Process or Event

In light of the preceding discussion of input/output, it is relatively simple to see now how
data are preserved for externally triggered processes or events.

Eachexternal event unit is a logical input unit. Thus, it has its own buffeQF.v,
RCOLUMN.\and all the other previously specified unit information.

When a process or event is selected for executien system examines an attribute of

the process notice to determine how the process was triggered. If this atnibitute

iS not zero, the process has been triggered externally. The valuetaf is transferred

to READ.V, thus automatically reestablishing the input conditions which existed when the
externally triggered process was created. After the first retutretesystem (timing
routine), thesunit.a  attribute is used to read the next process name and activation time,
theneunit.a is set to zero, so that subsequent reactivations will be treated as internally
generated.
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9. Model Verification and Debugging

9.1 Introduction

SIMSCRIPT I1.5is a high-level language. Thus, you are quite far removed from the details
of machine instruction/hardware. This chapter aids you in taking advantage of all the
information available from the SIMSCRIPT II.5 compiler, the loader, the run-time library,
and other special mechanisms to perform general debugging.

SIMSCRIPT I1.5 also has an interactive simbolic debugger that provides all basic
debugging features: break points, step-by-step execution, display of globals, local variables
and entities, trace, etc. Thiser Manualfor your specific platform contains information

on how to use the debugger.

This manual describes the debugging features provided by the compile and run-time
library.

9.2 Compiler Aids in Debugging

The foremost debugging aid produced by the compiler is a complete listing of the source
program. Embedded in this listing are messages describing errors detected by the compiler.
These errors range from simple spelling mistakes to fairly complex modeling logic flaws.

Along with the source listing of each routine is a local variable or cross-reference listing.
This listing should always be scanned for any surprises. In some contexts, a misspelled
variable is not recognized as such and becomes a local variable. The compiler will
recognize this fact and flag the variable in the cross-reference as a “stray name” or “sole
reference” (assuming it appears only once in the program). In other cases, the cross-
reference map helps to clarify how a name has been misunderstood—for example, as an
entity reference, the global variable with the same name as the entity or a local variable with
the same name as the entity. Even the references that do not appear, i.e., the implied
subscripts, are cross-referenced.

An example of a source listing, cofafe with erors and cross-references is shown in
figure 9-1.

The routine, lifted fronExample 4 has four error messages. The first message is a syntax
error caused by the misspelling of a symbol fromlefine to mean.
(.DOCK.IS.NOT.FULL had a missing period.) When an error is detected in a statement,
that statement is removed from thegram and compilation/er scanning continues.

When an error is detected, however, it is not necessarily obvious where the next statement
begins! This is a consequence of two aspects of SIMSCRIPT I1.5. First, the lack of an
explicit statement delimiter, and second, the fact that keywords are not reserved words. If
the user has variables with the same spelling as some keyword, additional extraneous error
messages can be expected until the keyword which begins the next stateimemd.is
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Since the statement in error is removed, other statements which depend on it may now be
erroneous also.

In figure 9-1, theelse andalways (lines 18 and 33) depended uponitheat line 4. But
thealways at line 17 (which should have matched itheat line 5) was taken as the end

of theif atline 4. Therefore, lines 18 and 33 were dropped erroneously! The final error
message comes at the end of the program becalaes@iae 8) was never matched with a
loop .

1 routine HARBOR.MASTER given ACTION yielding STATUS
2 define NEW.SHIP and OTHER.SHIP as integer variables
3 define NEW.SHIP and OTHER.SHIP as integer variables
4 if ACTION = .ARRIVING
5 if DOCK.IS.NOT FULL
**** EFERROR OF TYPE 1001 INVOLVING 'if' at statement 5.
6 if DOCK is not empty,
7 for each OTHER.SHIP at DOCK,
8 do
9 interrupt SHIP called OTHER.SHIP
10 let time.a(OTHER.SHIP) = UNLOADING.TIME(SHIP)*/ 2.0
11 resume SHIP called OTHER.SHIP
12 else
13 let UNLOADING.TIME(SHIP) = UNLOADING.TIME(SHIP) / 2.0
14 always
15 file this SHIP in DOCK
16 let STATUS =.0K
17 always
18 else
*** ERROR OF TYPE 1008 AT STATEMENT  18.
19 if QUEUE is not empty,
20 remove the first SHIP from QUEUE
21 file this SHIP in DOCK
22 reactivate this SHIP now
23 else
24 if DOCK is not empty,
25 for each OTHER.SHIP at DOCK,
26 do
27 interrupt SHIP called OTHER.SHIP
28 let time.a(OTHER.SHIP) = time.a(OTHER.SHIP) / 2.0
29 resume SHIP called OTHER.SHIP
30 loop
31 always
32 always
33 always
**** EFERROR OF TYPE 1008 AT STATEMENT 33
34 return
35 end

*** ERROR OF TYPE 1022 AT STATEMENT 8.

Figure 9-1. A Routine from Example 4 (with Compilation Errors)
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In addition to the source listing, three more listings are available:

o Star listing (figure 9-2) is produced after the compiler has performed the

substitutions dictated by amgfine
can be useful, if you must debug someone else’s program).

statements. This
In addition, the

to mean oOr substitute

computer instruction address (offset from beginning of routine) is printed on each
line. This is not often used by modelers.

CROSS-REFERENCE

NAME TYPE
ARRIVING define to mean
.OK define to mean
ACTION argument
DOCK set
HARBOR.MASTER routine
NEW.SHIP recursive variable
OTHER.SHIP recursive variable
QUEUE set
SHIP process notice

+global variable

STATUS argument
time.a temporary attribute
TIME.V permanent attribute

UNLOADING.TIME temporary attribute

0 WARNINGS,

MODE LINE NUMBERS OF REFERENCES
4
16
NO. 1 integer 1 2 4
6 7 15 21 24 25
integer 1
WORD 1 integer 3
WORD 2 integer 3 7% 9* 10* 11* 25*
28* 29*
19 20
9 11 22 27 29
integer 13*15 20 21 22*
NO. 2  integer 1 2 16
WORD 3 double 10* 11 28* 29*
SYS 41 double 11 29
AUTO real 13*

4 errors in HARBOR.MASTER

distributed as follows ...

1 instances of type 1001: Word does not conform to statement syntax,

or statement is not allowed in this part of the program

2 instances of type 1008: Else or always statement without a matching if.
1 instances of type 1022: Do without a matching loop.

1 routines contain errors

Figure 9-1. A Routine from Example 4 - Continued

159



Building Simulation Models with SIMSCRIPT 11.5

routine HARBOR.MASTER given ACTION yielding STATUS
define ACTION and STATUS as integer variables
define NEW.SHIP and OTHER.SHIP as integer variables
if ACTION =1

if N.DOCK < 2,

if DOCK is not empty,

for each OTHER.SHIP at DOCK,

do

interrupt SHIP called OTHER.SHIP

let time.a(OTHER.SHIP) = time.a(OTHER.SHIP) * 2.0
resume SHIP called OTHER.SHIP

loop

else

let UNLOADING.TIME(SHIP) = UNLOADING.TIME(SHIP) / 2.0
always

file this SHIP in DOCK

let STATUS =1

always

else

if QUEUE is not EMPTY,

remove the first SHIP from QUEUE

file this SHIP in DOCK

reactivate this SHIP now

else

if DOCK is not empty,

for each OTHER.SHIP at DOCK,

do

interrupt SHIP called OTHER.SHIP

let time.a(OTHER.SHIP) = time.a(OTHER.SHIP) / 2.0
resume SHIP called OTHER.SHIP

loop

always

always

always

end

LR B S R T I B I R S R I N T N N D S T B R R

Figure 9-2. The STARListing of Example 4 (Extract)

* TheALLSTARSIisting shown in figure 9-3 illustrates how the SIMSCRIPT 11.5 compiler
works. Lines with multiple asterisks are generated from the preceding single asterisk (star)
line until the sequence consists onlyifof call, let , andgo to statements.
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routine HARBOR.MASTER given ACTION yielding STATUS
define ACTION and STATUS as integer variables
define NEW.SHIP and OTHER.SHIP as integer variables
if ACTION =1

if N.DOCK < 2,

if DOCK is not empty,

** then if F.DOCK ne 0

*  for each OTHER.SHIP at DOCK,

** Jet OTHER.SHIP = F.DOCK

* golL.3

ol

** define L.4 as recursive 0 - dim integer variable

** if OTHER.SHIP =L.4

** L3

** if OTHER.SHIP zero

* golL.2

** endif

** |et L.4 = S.DOCK(OTHER.SHIP)

* do

* interrupt SHIP called OTHER.SHIP

** cancel the SHIP called OTHER.SHIP

** call Z.EV.S(int.f(OTHER.SHIP), .SHIP)

** Jet time.a(OTHER.SHIP) = time.a(OTHER.SHIP) - TIME.V
** et sta.a(OTHER.SHIP) =3

*  lettime.a(OTHER.SHIP) = time.a(OTHER.SHIP) * 2.0

*  resume SHIP called OTHER.SHIP

*  cause the SHIP called OTHER.SHIP at TIME.V +time.a(OTHER.SHIP)
** lettime.a(nt (OTHER.SHIP)) = (TIME.V + time.a(OTHER SHIP))
** call T.EV.S(int{OTHER.SHIP), |.SHIP)

*  Jetsta.a(OTHER.SHIP)=1

* Ioop

* golL1

w2

*  else

* et UNLOADING.TIME(SHIP) = UNLOADING.TIME(SHIP) /2.0
* aways

*  file this SHIP in DOCK

* call U.DOCK(ntf{SHIP)

*  JetSTATUS=1

* aways

Figure 9-3. The ALLSTARSListing of Example 4 (Extract)

The ALLSTARSIistings are rarely used by modelers. They might be of interest to those who
wish to understand compiler operation better, or in some circumstances when it is unclear
exactly how a certain sequence of statements is compiled. Another reason of interest might
be to compare the code generated by two equivalent sequences to determine which is more
efficient.
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9.3 Resolving Linker Name Conflicts

The next step after producing a “clean compile” is to link and run the program. The linker
(also called linkage editor, collector, mapper, etc.) is an operating-system supplied
mechanism and differs somewhat for the various implementations of SIMSCRIPT II.5. In
this paragraph, the main interest is the error messages the loader produces for either
duplicate or missing routines. Missing routines can be detected either when a routine name
has been spelled incorrectly (e.g., inthé statement) or when a routine really has been
omitted. The compiler can detect many inconsistencies such as a reference to a process not
defined in thepreamble , but it cannot detect a missipgocess or subroutine because
separate compilation of routines is supported, and therefore, it is not possible to detect the
absence of a properly referenced routine until “link time.”

The other problem which is detectable at link time is that of duplicate routines. There are
many well-known causes for duplicate routines, such as file collection problems, careless
handling of source files, and making a temporary copy of a routine and forgetting to delete
the original. The more subtle problem in SIMSCRIPT I1.5 is the automatic generation of
duplicate names thugh trurcation to meet linker name restrictions. SIMSCRIPT I1.5
allows very long names in routines, variables, attributes, etc. In fact, the only restriction on
name length is the requirement that a name, kegwr constant be contained within a
single record in the source program. This usually restricts names to 80 characters.
However, these names are automatically truncated during compilation to satisfy the linker
restrictions.

To eliminate this problem, insertlefine to meanin thepreamble for one of each pair
of duplicate names. The new name must differ from the old name.

For example, the followingreamble fragment will produce ddigates on systems for
which the linker names are eight characters (or less).

preamble
processes

every TRACKING.MODULE
has a TM.TRACK
and a TM.TRACKER

every TRACKER
has a TK.TRACKING.MODULE
and a TK.TRACK

Threedefine to mean statements will resolve the name conflicts. For example,

define TM.TRACK to mean 1”TM.TRACK
define TK.TRACK to mean 1TK.TRACK
define TRACKER to mean 1TRACKER

when inserted prior to any use of these names iprtfanble will completely solve the
problem.
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Actually many more duplicates would have been reported by the linker for all the names of
routines or attributes generated from a process nameAeadix Dfor the generated
names and the specific user manual for the specific name restrictions, if any.

Another solution to the name confliptodem for attributes, is to assign specific word
numbers to them. See paragrégh For example,

preamble
define TRACKER to mean 1TRACKER
processes
every TRACKING.MODULE
has a TM.TRACK in WORD 7
and TM.TRACKER in WORD 8
every TRACKER
has a TK.TRACK in WORD 7
and a TK.TRACKING.MODULE in WORD 8

The actual allowable placement is implementation-dependent (and diagnosed accordingly).
In particular, the first several words ofpeocess notice are reserved for system-defined
attributes.

One note of caution with the use d@éfine to mean to resolve name conflicts.
SIMSCRIPT I1.5 derives many names frompraamble name. For example, a resource

or permanent entity has an associated global varvabteity . If the name of the entity

is changed, this variable is also changed. This poses no difficulty unless the derived
variable is referenced explicitly in the program.

For example, if a resourCEELLER is for some reason renam&@dELLER through a
define to mean, then the global variable associated with it becom@IELLER and
references tdl. TELLER will be meaningless.

9.4 Run-Time Debugging Aids

When all compiler and linker detected errors have been corrected, there remains one last
(and major) step; i.e., running the program. Many errors cannot be detected until the

program is run because of the complex interrelationships of computations and data

dependencies.

When a run-time error is detected in SIMSCRIPT I1.5, several actions are taken
automatically. First, an error message is printed stating what error condition was found.
Second, a program traceback is printed. Finaltplla is made to a user-supplied routine

to enable more information to be printed. If this routine is not present, the program simply
terminates.
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9.4.1 Error Message

There are over 100 separate messages describing error conditions that may arise during the
SIMSCRIPT 1.5 run. Adictionary of all the error messages is printed in each user manual.
However, when an error is detected, the text of the relevant error is printed.

9.4.2 Traceback

A traceback is printed to pinpoint precisely where and under what circumstances the error
occurred. This traceback starts from the routine where the error was detected. Sometimes
this will be a library or system routine and the traceback information about it will be of no
value. Each traceback block will display the routine name and the precise line number on
which the error occurred. The arguments to the routine and local variables are printed next.
Some implementations provide the names of those variables. In others, the local variable
values may be correlated with their source program name by referring to the cross-
reference map for the routine. Then the same information is printed concerning the routine
which called that routine, and so on, until tha&n routine is reached in this “ascendancy
tree.”

9.4.3 System Conditions

Much useful information is available from SIMSCRIPT I1.5 system-maintained variables.
This includes simulation-related information such as the current simulateditivtiie\( ),

and the contents of the “pending lisE\(.S). In addition, there is useful information on
the current state of the dynamic storage and the input/output units.

9.5 Example 9: The Harbor Model Revisited

In the development dExample 4 a subtle error was introduced, which will serve to
illustrate all the features of debugging presented thus far. The model with errors is shown
in Example 9. The error message and standard system output are also shown.
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CACI SIMSCRIPT I1.5 PAGE 1

09-NOV-1997 20:20 ( 1)

" EXAMPLE 9 - - AHARBOR MODEL (EXAMPLE 4 REVISITED)

1
2
3
4
5
6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21 end

NAME
ARRIVING

preamble

processes include SCHEDULER and STOP.SIM
every SHIP has an UNLOADING.TIME
and may belong to the QUEUE
and may belong to the DOCK
define UNLOADING.TIME as a real variable
the system owns the QUEUE and the DOCK
accumulate MAXQ as the maximum
MEAN.Q as the mean of the N.QUEUE
tally NUMBER.OF.SHIPS as the number,
MINCT as the minimum
MAXCT as the maximum
and MEANCT as the mean of CYCLE.TIME
define CYCLE.TIME as a real variable

define .DOCK.IS.NOT.FULL to mean N.DOCK < 2
define .ARRIVING to mean 1

define .LEAVING to mean 2

define .OK to mean 1

define .NOT.OK to mean O

CROSS -REFERENCE
TYPE MODELINE NUMBERS OF REFERENCES
define to mean 17

.DOCK.IS.NOT.FULL define to mean

LEAVING
NOT.OK

0K
CYCLE.TIME
DOCK

MAXCT

MAXQ
MEAN.CT
MEANQ

MINCT
N.QUEUE
NUMBER.OF.SHIPS
QUEUE
SCHEDULER
SHIP

STOP.SIM
UNLOADING.TIME

define to mean
define to mean
define to mean
define to mean
set
global variable
global variable
routine
routine
global variable
permanent attribute
global variable
set
process notice
process notice
process notice
temporary attribute

16
18
20
19
real 13 14
5 7
double 12
double 8
double 13
double 9
double 11
integer 9
double 10

N

auto real 3 6

Example 9. Harbor Model with Errors
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CACI SIMSCRIPT 1.5 IBM

PAGE 2

09-NOV-1997 20:20 ( 1 )

OPTIONS TERM
1 main
2 activate a SCHEDULER now
3 activate a STOP.SIM in 80 days
4 start simulation
5 end
CROSS - REFERENCE
NAME TYPE
SCHEDULER process nofice
+ global variable
process notice
+ global variable

MODE
integer 2*

STOP.SIM
integer 3*

CACI SIMSCRIPT 1.5 IBM

LINENUMBERS OF REFERENCES
2

PAGE 3

09-NOV-1997 20:20 ( 1)

OPTIONS TERM
1 process SCHEDULER

2 until TIME.V > 80,
3 do
4 activate a SHIP now
5 wait exponential .f(4/3,1) days
6 loop
7 end
CROSS - REFERENCE
NAME TYPE
exponential.f routine double 5
PROCESS.V permanent attribute sys 73 integer 7*
SCHEDULER process notice
+ global variable integer 1
SHIP process notice
+ global variable integer 4*
TIME.V permanent attribute sys 41 double 2

MODE LINENUMBERS ORREFERENCES

Example 9. The Harbor Model with Errors - Continued
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CACI SIMSCRIPT I1.5 1IBM PAGE 4
09-NOV-1997 20:20 ( 1)
OPTIONS TERM
1 process SHIP
2 define STATUS as an integer variable
3 define ARRIVE.TIME as a real variable
4 let ARRIVE.TIME = TIME.V
5 let UNLOADING.TIME(SHIP) = uniform.f(0.5,1.5,2)
6 call HARBOR.MASTER giving .ARRIVING yielding STATUS
7 if STATUS = .NOT.OK,
8 file SHIP in QUEUE
9 suspend
10 always
11 work UNLOADING.TIME(SHIP) days
12 remove this SHIP from the DOCK
13 let CYCLE.TIME = TIME.V - ARRIVE.TIME
14 call HARBOR,MASTER giving .LEAVING yielding STATUS

15 end
CROSS - REFERENCE
NAME TYPE MODE UNENUMBERS OF REFERENCES

ARRIVING  define to mean 6
.LEAVING define to mean 14
.NOT.OK define to mean 7
ARRIVE.TIME recursive variable word 2 real 3 4 13
CYCLE.TIME (global variable real 13
DOCK set 12
HARBORMASTERoutine integer 6 14
PROCESS.V permanent attribute sys 73 integer 15
QUEUE set 8
SHIP process notice 1 15

+ global variable integer 1 5 8 11
STATUS recursive variable  word 1 integer 2 6 7 14
TIME.V permanent attribute sys 41 double 4 13
uniform.f routine double 5
UNLOADINGTIVE temporary attribute  auto real 5 11

Example 9. The Harbor Model with Errors - Continued
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CACI SIMSCRIPT I1.51BM  PAGE 5

OPTIONS TERM
1 routine HARBOR.MASTER given ACTION yielding STATUS
2 define ACTION and STATUS as integer variables
3 if ACTION = .ARRIVING

4 if DOC.NOT.FULL,

5 if DOCK is not empty,

6 let SHIP = F.DOCK

7 interrupt SHIP

8 let time.a(SHIP) = time.a(SHIP) * 2.0
9 resume SHIP

03-NOV-1997 20:20 ( 1)

10 else
11 let UNLOADING.TIME(SHIP) = UNLOADING.TIME(SHIP) / 2.0
12 always
13 file this SHIP in DOCK
14 let STATUS = .0K
15 else
16 let STATUS = .NOT.OK
17 always
18 else "ACTION is .LEAVING
19 if QUEUE is not empty,
20 remove the first SHIP from QUEUE
21 file this SHIP in DOCK
22 reactivate the SHIP now
23 else
24 if DOCK is not empty,
25 let SHIP = F.DOCK
26 interrupt SHIP
27 let time.a(SHIP) = time.a(SHIP) / 2.0
28 resume SHIP
29 always
30 always
31 always
32 return
33 end
CROSS -REFERENCE
NAME TYPE MODE LINENUMBERS OF REFERENCES
ARRIVING define to mean 3
DOCKIS.NOT.FULL define to mean 4
.NOT.OK define to mean 16
.OK define to mean 14
ACTION argument NO. 1 integer 1 2 3
DOCK set 5 13 21 24
F.DOCK permanent attribute integer 6 25
HARBOR.MASTER routine integer 1
N.DOCK permanent attribute integer 4
QUEUE set 19 20
SHIP process notice 7 9 22 26
+ global variable integer 6 7* 8* 9*
21 22* 25 26*
STATUS argument NO. 2 integer 1 2 14 16
time.a temporary attribute 3 double 8* 9 27* 28
TIME.V permanent attribute 41  double 9 28
UNLOADING.TIME temporary attribute real 11+

Example 9. The Harbor Model with Errors - Continued
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CACI SIMSCRIPT II.51BM  PAGE 6

OPTIONS TERM 09-NOV-1997 20:20 ( 1)
1 process STOP.SIM

2 print 5 lines with NUMBER.OF.SHIPS, TIME.V, MINCT, MAXCT and MEANCT

3 as follows

SHIP AND CRANE MODEL
* SHIPS WERE UNLOADED IN *** DAYS
THE MINIMUM TIME TO UNLOAD A SHIP WAS * ***

MAXIMUM " " " * xak
MEAN oo e * hxx
4 skip 3 lines
5 print 2 lines with MEANQ and MAXQ thus

THE AVERAGE QUEUE OF SHIPS WAITING TO BE UNLOADED WAS *.***
THE MAXIMUM QUEUE WAS *

6 stop
7 end
CROSS - REFERENCE

NAME TYPE MODE LINENUMBERS OF REFERENCE
MAXCT global variable double 2
MAXQ global variable double 5
MEANCT routine double 2
MEANQ routine double 5
MINCT global variable double 2
NUMBEROF.SHIPS global variable double 2
PROCESS.V permanent attribute sys 73 integer *
STOP.SIM process notice 1 7

+ global variable integer 1
TIME.V permanent attribute sys 41 double 2
uiB.W implied subscript sys 52 integer 4

Example 9. The Harbor Model with Errors - Continued

The error is a rather typical one for the novice SIMSCRIPT II.5 user. The message
indicates that an attempt has been made to file an entity in a set of which it is already a
member. Example 9 shows output generated for IBM computers. The output for other
implementations will be formatted differently. Each user manual has an example of the
traceback information produced for that system.

We can determine where the error occurred or was first detected. In the traceback, the first
routine mentioned i§.DOCK U.DOCKIs a routine generated from tpesamble to

support thebOCKset. Although more information is displayed about this routine, we can
ignore it for now. This routine was called from a routi#kRBOR.MASTER(The rules for

name prefixing and truncation are system-dependent and are contained in each user
manual). In particular, the call 19.DOCKoccurred on line 13 diARBOR.MASTER
Examination of the source program listing reveals this tofie a statement.
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Freex SIMSCRIPT 1.5 ERROR 2006
¥k ATTEMPT TO FILE AN ENTITY IN A SET IT IS ALREADY IN
***START OF TRACEBACK®***
ERROR IN:
U.DOCK
LOCATION 00013B78 OFFSET 0078 FROM LOAD POINT 00013B00
REGISTER SAVE AREA AT: 0001F198

FO-F6 40947CB1D6C11CD2 40947CB1D6C11CD2  4110000000000000 0000000000000000
R2R7 (00000001 0000003C 00000000 00714600 OO000000 000143A0
R8R15 0001F148 00013C40 00013B00 0001F198 0001F150 0001B9F8 60013878 00015648

1 GIVEN AND 0 YIELD ARGUMENTS:

El 140436 integer 00022494
LOCAL RECURSIVE VARIABLES:
E2 0 integer 00000000
CALLED FROM:

HARBOR.MASTER

LOCATION 00014D4E ~ OFFSETO01DE FROMLOAD POINT00014B70  INLINE13
REGISTER SAVE AREA AT: 0001F150
1 GIVEN AND 1 YIELD ARGUMENTS:

ACTION 1 integer 00000001
STATUS 0 integer 00000000
CALLED FROM:
SHIP
LOCATION 00014920  OFFSET O0OEO FROMLOAD POINT 00014840IN LINE 7
REGISTER SAVE AREA AT: 0001F108
LOCAL RECURSIVE VARIABLES:
STATUS 0 integer 00000000
ARRIVE.TIME 5.14755759E-85 real 00000001
CALLED FROM:
TIMER
LOCATIONOOO1289E =~ OFFSET 0OFE  FROMLOAD POINT 000127A0
REGISTER SAVE AREA AT: 0001F0A8
LOCAL RECURSIVE VARIABLES:
E2 0 integer 00000000
N.3 0 integer 00000000
TV NULL text 00000000
El 140500 integer  000224D4
CALLED FROM:
MAIN

LOCATION OOO144EA  OFFSET 014A FROMLOAD POINT 000143A0INLINE 4

Example 9 Standard SIMSCRIPT Error Information
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REGISTER SAVE AREA AT: 0001F050
***END OF TRACEBACK* * *
** *SIMULATION SUMMARY * **
TIME.V = 1.04625950E-01 EVENT.V =3 EVENTS.V =3

EVENT CHAINS

CLASS NUMBER TIME.A(FIRST) TIME.A(LAST)
1 1 2.40371489E+00 2.40371489E+00
2 1 8.00000000E+01 8.00000000E+01
3 1 SCHEDULED NOW SCHEDULED NOW

*** /O SUMMARY ***

READ.V WRITE.V =6
UNIT STATUS MODE RECORD.V COLUMN.V EOF.V
5 INPUT 0 0 0
6 OUTPUT 0 0 0
98 OUTPUT CHARACTER 80 56 0
***MEMORY USAGE STATISTICS***
ENTITY SIZE ACTIVE NUMBER DISTRIBUTED OVER SUBPAGES/PAGES
8 1 1
16 4 1
40 2 1
56 1 1
64 5 1
104 3 1
184 1 1
200 1 1

0 NON-ACTIVE PAGE(S) AVAILABLE

Example 9 Standard SIMSCRIPT Error Information - Continued

From the location iIHARBOR.MASTER is deduced that we are processing an arriving
SHIP. How can an arrivingHIP already be in thBOCR It cannot. Closer inspection of
the HARBOR.MASTERouUtine reveals some confusion about the use dbttte variable.
The argument to the routine contained a reference to the argmiy However, at line

6, this same variable was changed to now refer to an8tfier, the one already in the
DOCK In the corrected version &xample 4 another local variabl®THER.SHIP, was
introduced to reference tis&i1P in theDOCK The remainder of the traceback is not needed
in this example.
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The Simulation Summary in Example 9 displays some interesting information. It shows
the current simulation tim&IME.V = .1046... . In addition,EVENT.V contains the
priority class of the current event (process). Fromptleamble , and a review of
paragrapl6.2 if necessary, it is determined tl&tIP processes are of priority 3. The
listing of event chains reveals one pendpngcess of class SCHEDULERat time =

2403 ... , ONeSTOP.SIMULATION attime =80, and oneSHIP at timenow.

The 1/0 Summary section does not add any information in our example. However, it can
be very valuable in situations where data errors are found. The I/O Summary identifies the
current input unif{READ.V) and the exact record and column number location of the
erroneous dataEOF.V indicates whether an end-of-file has been encount&@g.y =

2).

The Dynamic Storage Summary is useful in debugging errors in which the program is
overflowing storage. If an entity is being created in a loop, many copies of a particular size
entity will stand out in this summary as theé TIVE NUMBER

9.6 User-Written Debugging Routines

Two more features of SIMSCRIPT II.5 facilitate the debugging of simulation models, the
snap.r andBETWEEN.\foutines.

9.6.1 SNAP.R — User Supplied Post Mortem Routine

Additional model specific information which could not be anticipatethbgystem can

be printed when an error has been detecteatidoysystem . To accomplish this, provide

a routine, callednap.r . This routine will automatically be called whenever any error is
detected. If you omit this routine, a default library version is included. The default version
produces no output. It merely satisfies the linker requirements.

One of the important purposes ©fap.r is to print some or all of the attributes of
processes, resources otiges which are in existence at the time aroewas detected.

These may exist in various sets or may be addressed through various global variables or
attributes of other entities. Printouts may be simple to elabosagp.r may be called
explicitly during the execution of a program,; for instance tostest.r

Sometimes you may wish to program detection of certain error conditions and may wish to
force the same output thtie system would produce. To produce the same output as
described in this chapter, you may specify the use afdhe statement. For example,

in a search of a set for some entity with a particular combination of attributes, and it is
“impossible” not to find one, the following segment can be helpful:
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for each...
with...
find the first case
if none,
print 1 line thus
ERROR IN SEARCHING...
trace
call snap.r
stop
otherwise

9.6.2 BETWEEN.V — Tracing the Flow of Simulation

A very important aspect of simulation verification is the sequence in which events actually
occur. To trace the sequence easily, SIMSCRIPT I1.5 provides a mechanism for giving you
the option of printing a message just before each process or event is (re)executed. This
feature is completely under your control. To activate it, a subprogram variable,
BETWEEN.VY must contain the name of the routine to call. For example,

let BETWEEN.V = 'DETAIL'

will activate the mechanism and call a user-supplied routine nBEEAIL each time the
timing routine (ime.r ) is ready to pass control to a process or event routine.

At the moment when theETWEEN.\froutine is called, the following conditions exist:

1. The next process/event to be executed has been selected. Let us refdé?.to it as

2. The system clock TIME.V has been updated tme.a(P) , the (re)activation
time of proces®.

3. EVENT.V has been set to the priority classofl.P .

4. The global variable namédhas been set to the reference value,ahus making
it easy to reference attributesfor output.

5. Control has not passed to the process.

It should be noted that this routine cannot be used to prevent the selected event or process
from occurring (other than by stopping execution througfo@a statement).

The mechanism can be disabled at any time by s&&AYVEEN.\to zero.

Example 9 Standard SIMSCRIPT Error Information illustrates the snapshot and trace
mechanisms. The only change to the existing program is the addition of one line in the
main program,

let BETWEEN.V = 'DETAIL'

Then the two additional routines are coded as shown.
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RoutineDETAIL usesEVENT.V to select a differendrint  statement for two of the three
positions in the model. No message is printeSTtOP.SIMULATION

The additional output from the execution of this program is shown in Example 9 with
Diagnostic Programming Added. The traceback is omitted since it is identical with that in
Example 9. The Harbor Models with Errors.

The SHIP.ID attribute has been added to the procgidtP. A counter in process
GENERATOR incremented each time a n@&MIP is activate d. The value is then
assigned to theHIP’s SHIP.ID . This attribute is used in tHEETAIL printout (Example
9 with Diagnostic Programming Addetb uniquely identify the individuedHIPs.

One might be tempted to use the value of the var@&le to identify the differengHIP s
which arrive. However, these numbers are really the actual storage addresSHifPthe
process notices. Whers#llP “leaves’the system , the process notice for it is destroyed.
When a newsHIP is activate  d, this destroyed process notice is the first candidate for
the newSHIP’s process notice since dynamic storage is organizetifas aset, sorted by
size. This is why the ID attribute presents a much clearer picture.
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CACI SIMSCRIPT II.5 IBM PAGE 1
OPTIONS TERM 09-NOV-1997 17:13 ( 1)
" EXAMPLE 9A - - AHARBOR MODEL (EXAMPLE 9 WITH DEBUGGING FEATURES ADDED)
1 preamble
2 processes include SCHEDULER and STOP.SIM
3 every SHIP has an UNLOADING.TIME
4 and a SHIP.ID
5 and may belong to the QUEUE
6 and may belong to the DOCK
7 define SHIP.ID as an integer variable
8 define UNLOADING.TIME as a real variable

9 the system owns the QUEUE and the DOCK
10 accumulate MAXQ as the maximum,

11 MEAN.Q as the mean of the N.QUEUE

12 tally NUMBER.OF.SHIPS as the number,

13 MINCT as the minimum,

14 MAXCT as the maximum

15 and MEANCT as the mean of CYCLE.TIME
16 define CYCLE.TIME as a real variable

17

18 define .DOCK.IS.NOT.FULL to mean N.DOCK < 2
19 define .ARRIVING to mean 1

20 define .LEAVING to mean 2

21 define .OK to mean 1

22 define .NOT.OK to mean O

23 end
CROSS-REFERENCE
NAME TYPE MODE LINE NUMBERS OF REFERENCES

ARRIVING define to mean 19
.DOCK.IS.NOT.FULL define to mean 18
.LEAVING define to mean 20
.NOT.OK define to mean 22

.OK define to mean 21
CYCLE.TIME global variable real 15 16
DOCK set 6 9
MAXCT global variable double 14

MAXQ global variable double 10
MEAN.CT routine double 15
MEANQ routine double 11
MINCT global variable double 13
N.QUEUE permanent attribute integer 11
NUMBER.OF.SHIPS  global variable double 12
QUEUE set 5 9
SCHEDULER process notice 2

SHIP process notice 3
SHIP.ID temporary attribute auto  integer 4 7
STOP.SIM process notice 2
UNLOADING.TIME temporary attribute auto  real 3 8

Example 9 With Diagnostic Programming Added
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CACI SIMSCRIPT I1.5 IBM PAGE 2
OPTIONS TERM 09-NOV-1997 17:13 ( 1)
1 main
2
3 let BETWEEN.V = 'DETAIL'
4
5 activate a SCHEDULER now
6 activate a STOP.SIM in 80 days
7 start simulation
8 end
CROSS-REFERENCE
NAME TYPE MODE LINE NUMBERS OF REFERENCES

BETWEEN.V  permanent attribute sys 4.3  subprog 3
DETAIL routine integer 3
SCHEDULER process notice 5

+ global variable integer 5*

process notice 6

STOP.SIM + global variable integer 6*

Example 9 With Diagnostic Programming Added - Continued

176



Chapter 9. Model Verification and Debugging

CACI SIMSCRIPT 1.5 IBM PAGE 3

OPTIONS TERM 09-NOV-1997 17:13 ( 1)
1 process SCHEDULER
2 define SHIP.COUNTER as an integer variable
3 until TIME.V > 80,
4 do
5 activate a SHIP now
6 add 1 to SHIP.COUNTER
7 let SHIP.ID(SHIP) = SHIP.COUNTER
8 wait exponential.f(4/3,1) days
9 loop
10 end
CROSS - REFERENCE
NAME TYPE MODE LINE NUMBERS OF REFERENCES

exponential f routine double 8
PROCESS.V permanent attribute Sys 73 integer 10*
SCHEDULER process notice 1 10

+ global variable integer 1
SHIP process notice 5

+ global variable integer 5* 7
SHIP.CONTAINER recursive variable word 1 integer 2 6* 7
SHIP.ID temporary attribute auto integer 7
TIME.V permanent attribute sys 41 double 3

Example 9 With Diagnostic Programming Added - Continued
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CACI SIMSCRIPT I1.51BM  PAGE 4
OPTIONS TERM 09-NOV-1997 17:13 ( 1)

1 process SHIP

2 define STATUS as an integer variable

3 define ARRIVE.TIME as a real variable

4 let ARRIVE.TIME = TIME.V

5 let UNLOADING.TIME(SHIP) = uniform.f(0.5,1.5,2)

6 call HARBOR.MASTER giving .ARRIVING yielding STATUS
7 if STATUS = .NOT.OK,

8 file SHIP in QUEUE,

9 suspend

10 always

11 work UNLOADING.TIME(SHIP) days

12 remove this SHIP from the DOCK

13 let CYCLE.TIME = TIME.V - ARRIVE.TIME

14 call HARBOR.MASTER giving .LEAVING yielding STATUS

15 end
CROSS -REFERENCE
NAME TYPE MODE  LINENUMBERS OF REFERENCES
ARRNMING define to mean 6
.LEAVING define to mean 14
.NOT.OK define to mean 7
ARRIVE.TIME recursive variable  word 2 real 3 4 13
.CYCLE.TIME global variable real 13
DOCK set 12
HARBOR.MASTER routine integer 6 14
PROCESS.V permanent attribute  sys 73 integer 15
QUEUE set 8
SHIP process notice 1 15
+ global variable integer 1 5 8 11 12
STATUS recursive variable word 1 integer 2 6 7 14
TIME.V permanent attribute sys 41 double 4 13
uniform.f routine double 5
UNLOADING.TIME temporary attribute auto real 5 11

Example 9 With Diagnostic Programming Added - Continued
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CACI SIMSCRIPT I1.51BM PAGE 5

OPTIONS TERM 09-NOV-1997 17:13 ( 1)

1 routine HARBOR.MASTER given ACTION yielding STATUS
2 define ACTION and STATUS as integer variables

3 if ACTION = .ARRIVING

4 if . DOCK.IS.NOT.FULL,

5 if DOCK is not empty,

6 let SHIP = F.DOCK

7 interrupt SHIP

8 let time.a(SHIP) = time.a(SHIP) * 2.0

9 resume SHIP
10 else
11 let UNLOADING.TIME(SHIP) = UNLOADING.TIME(SHIP) / 2.0
12 always
13 file this SHIP in DOCK
14 let STATUS =.0K
15 else
16 let STATUS = .NOT.OK
17 always
18 else "ACTION is .LEAVING
19 if QUEUE is not EMPTY,
20 remove the first SHIP from QUEUE
21 file this SHIP in DOCK
22 reactivate the SHIP now
23 else
24 if DOCK is not empty,
25 let SHIP = F.DOCK
26 interrupt SHIP
27 let time.a(SHIP) = time.a(SHIP) / 2.0
28 resume SHIP
29 always
30 always
31 always
32 return
33 end
CROSS-REFERENCE
NAME TYPE MODE LINE NUMBERS OF REFERENCES
ARRVING define to mean 3
.DOCK.IS.NOT.FULL define to mean 4
.NOT.OK define to mean 16
.OK define to mean 14
ACTION argument NO. 1 integer 1 2 3
DOCK set 5 13 21 24
.F.DOCK permanent attribute integer 6 25
HARBOR.MASTER routine integer 1
N.DOCK permanent attribute integer 4
QUEUE set 19 20
SHIP process notice 7 9 22 26 28
+ global variable integer 6 7 8* 9* 11* 13
21 22 25 26* 27*
STATUS argument NO. 2 integer 1 2 14 16
time.a temporary attribute word 3 double 8* 9 27 28
TIME.V permanent attribute sys 41  double 9 28
UNLOADING.TIME temporary attribute auto real 11*

Example 9 With Diagnostic Programming Added - Continued

28*
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CACI SIMSCRIPT I1.5IBM  PAGE 6
OPTIONS TERM 09-NOV-1997 17:13 ( 1)

=Y

process STOP.SIM
print 5 lines with NUMBER.OF.SHIPS, TIME.V, MINCT, MAXCT and MEANCT
3 as follows
SHIP AND CRANE MODEL
* SHIPS WERE UNLOADED IN *.** DAYS
THE MINIMUM TIME TO UNLOAD A SHIP WAS  * ***

N

" MAXIMUM™" " " e * K
" MEAN " " " n " " *.***
4 skip 3 lines
5 print 2 lines with MEANQ and MAXQ thus

THE AVERAGE QUEUE OF SHIPS WAITING TO BE UNLOADED WAS ol
THE MAXIMUM QUEUE WAS  *

6 stop
7 end
CROSS -REFERENCE
NAME TYPE MODE LINENUMBERS OF REFERENCES

MAXCT global variable double 2
MAXQ global variable double 5
MEANCT routine double 2
MEANQ routine double 5
MINCT global variable double 2
NUMBER.OF.SHIPS global variable double 2
PROCESS.V permanent attribute  sys 73 integer 7*
STOP.SIM process notice 1 7

+ global variable integer 1
TIME.V permanent attribute sys 41 double 2
uiB.W implied subscript Sys 52 integer 4

Example 9 With Diagnostic Programming Added - Continued
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CACI SIMSCRIPT IL.51BM PAGE 7

OPTIONS TERM 09-NOV-1997 17:13 ( 1)
1 routine snap.r

2 start new page

3 print 5 lines with NUMBER.OF.SHIPS, TIME.V, MINCT, MAXCT AND MEANCT

4 as follows

SHIP AND CRANE MODEL OUTPUT AT ERROR CONDITION
* SHIPS WERE UNLOADED IN *.** DAYS
THE MINIMUM TIME TO UNLOAD A SHIP WAS  ****

" MAXIMUM™ " " oo * ek
" MEAN" n n " " " * Fokk
5 skip 3 lines
6 print 2 lines with MEANQ and MAXQ thus

THE AVERAGE QUEUE OF SHIPS WAITING TO BE UNLOADED WAS * kK
THE MAXIMUM QUEUE WAS  *

7 print 2 lines with N.QUEUE and N.DOCK thus

THE NUMBER OF SHIPS IN QUEUE IS *

THE NUMBER OF SHIPS IN DOCK IS *

8 skip 2 lines
9 for each SHIP in QUEUE,
10 print 1 line with SHIP.ID(SHIP), time.a(SHIP)
13 and UNLOADING.TIME(SHIP), thus
SHIP.NO. ***|S AT DOCK. LEAVE TIME=***** UNLOAD TIME=** ***
14 stop

15 end "snap.r

CROSS -REFERENCE

NAME TYPE MODE LINE NUMBERS OF REFERENCES
DOCK set 1
MAXCT global variable double 3
MAXQ global variable double 6
MEANCT routine double 3
MEANQ routine double 6
MINCT global variable double 3
N.DOCK permanent attribute integer 7
N.QUEUE permanent attribute integer 7
NUMBER.OF.SHIPS global variable double 3
QUEUE set 9
SHIP glabal variable integer 9 10 11* 12*
SHIP.ID temporary attribute auto integer 10 12
time.a temporary attribute word 3 double 12
TIME.V permanent attribute sys 41 double 3
uiB.wW implied subscript sys 52 integer 5 8
UNLOADING.TIME temporary attribute auto real 12

Example 9 With Diagnostic Programming Added - Continued
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CACI SIMSCRIPT 1.5 IBM  PAGE 8

OPTIONS TERM 09-NOV-1997 17:13 ( 1)
1 routine DETAIL

2 if EVENT.V =1.SCHEDULER

3 print 1 line with TIME.V and line. (SCHEDULER) thus

AT TIME *** THE SCHEDULER IS (RE) ACTIVATED AT LINE NO. *

4 return

5 otherwise

6 if EVENT.V = .SHIP,

7 print 1 line with TIME.V, SHIP.ID(SHIP), N.QUEUE
8 and N.DOCK thus

AT TIME **** SHIP ***  N.QUEUE=*, N.DOCK=*,

9 return

10 otherwise

11 end "DETAIL

CROSS -REFERENCE

NAME TYPE MODE  LINENUMBERS OF REFERENCES
DETAIL routine integer 1
EVENTV permanent attribute sys 44 integer 2 6
[.SCHEDULER global variable integer 2
[.SHIP global variable integer 6
N.DOCK permanent attribute integer 7
N.QUEUE permanent attribute i nteger 7
SCHEDULER global variable integer 3
SHIP global variable integer  7*
SHIP.ID temporary attribute  auto integer 7
TIME.V permanent attribute sys 41 double 3 7

Example 9 With Diagnostic Programming Added - Continued
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AT TIME
AT TIME
AT TIME
AT TIME

0.0 THE SCHEDULER IS (RE) ACTIVATED AT LINE NO.1
0.0 SHIP 1 EXECUTES LINE 1. N.QUEUE= 0, N.DOCK=0.
.105 THE SCHEDULER IS (RE) ACTIVATED AT LINE NO. 8
.105 SHIP 2 EXECUTES LINE 1. N.QUEUE=0, N.DOCK=1.

SHIP AND CRANE MODEL OUTPUT AT ERROR CONDITION

0 SHIPS WERE UNLOADED IN .10 DAYS
THE MINIMUM TIME TO UNLOAD A SHIP WAS 0.0
" MAXIMUM " v woow o 0.0

" MEAN

THE AVERAGE QUEUE OF SHIPS WAITING TO BE UNLOADED WAS 0.0
THE MAXIMUM QUEUE WAS 0

THE NUMBER OF SHIPS IN QUEUE IS 0

THE NUMBER OF SHIPS IN THE DOCK IS 1

SHIP NO. 1 1S AT DOCK, LEAVE TIME= .580 UNLOAD TIME= .342

Example 9 User-Generated Diagnostic Output
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10. A Comprehensive Example

10.1 Introduction

To summarize the principles of modeling and simulation in SIMSCRIPT II.5, this chapter
presents a larger model than those previously considered. The problem has to do with a
waterway network, but is analogous to many other situations. The language to be used is
introduced. The implementation is shown and execution of the model is discussed.

10.2 The Problem: A Waterways Network

As part of a multimodal commodity-flow analysis done for the U.S. Army Corps of
Engineers, it was necessary to construct a model of the traffic on the inland navigation
system. The model in this chapter is a simplification of the model done in that study.

The aim is to study traffic on a portion (or all) of the waterway system to determine the
capacities of its various components.

The traffic consists of freight barges that enter and leave the network at ports. Each port
has parameters describing the amount of traffic it generates. The routes between origin and
destination are deterministic and will be described as data to the model. Between origin
and destination, both of which must be ports, the tows pass through other ports, forks in the
rivers, and locks that delay shipping. A tow comprises a random number of barges. The
locks can only accommodate a certain number of barges at a time and double lockages are
required for oversize tows. The time of lockage is specified with each lock. Some of the
locks may contain more than one parallel chamber, permitting multiple tows to be served
simultaneously. Each lock has an operating policy, such as “Serve m tows in one direction,
then n in the other direction” or “Dedicate one chamber to each direction” or “Serve
upbound tows for x hours, then serve downbound towy floours.”

The network of ports, locks, and forks is connected by river segments, which are described
by their length and current.

Our goal in the study is to determine the amount of traffic between ports, transit times for
the traffic, and bottlenecks that occur, such as congestion at the locks.

10.3 Introduction to the Software Design Documentation
Language (SDDL)

The Software Design and Documentation Language (SDDL) is one of several tools
developed to aid in the specification and design process for software development prior to
the start of programming. SDDL was developed at the Jet Propulsion Laboratory by Henry
Kleine.

Quoting from the introduction to SDDL [10]:
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“The objective of SDDL is to satisfy the communications requirements of
the software design and documentation process. This objective is met by
providing:

(1) A processor which can translate design specifications, expressed in
SDDL syntax, into an intelligible, informative, machine-reproduc-
ible Software Design Document (SDD).

(2) A design and documentation language with forms and syntax that
are simple, unrestrictive, and communicative.

(3) A methodology for effective use of the language and the processor.

The purpose of the SDDL processor is to translate the designer’s creative thinking
into an effective communications document. The processor must perform as many
automatic functions as possible, thereby freeing the designer’s energy for the
creative design effort.”

Some of the automatic functions which the processor performs are listed below:
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1.

Document Formatting

Indentation by structure logic.

Flow lines for accentuating structure escapes.
Flow lines for accentuating module invocations.
Line numbering for input editing.

Logic error detection.

Special handling for title pages and text segments.
Input and output line continuation.

Line splitting (i.e., printing part of the line so that the last character lines up at
the right-hand margin.

S@ " p oo o

Software Design Summary Information

a. Table of contents showing all titles and modules, and the location of the
summary tables provided by the processor.
Module invocation hierarchy.
Module cross-reference (where each module is invoked).

d. Cross-reference tables for selected words or phrases appearing in the document.
Selection is controlled by the user.

e. Page reference numbers on module invocation statements.

3. Processor Control Capabilities

a. Page width, length, numbering, heading, and ejection.
b. Structure indentation amount
c. Deletion of preceding blank characters on input lines.
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Input line numbering sequence.

Keyword specification.

Selection of words for inclusion in the cross-reference tables.
Number of right-hand columns for sequence numbers.

h. Execution time options for suppressing selected processor features.

@ ~o o

SDDL is implemented as a SIMSCRIPT I1.5 program and is available from the U.S.
Government Technical Information Service (COSMIC) or from CACI.

By default, SDDL recognizes a general set of keywords for determining the scope of design
structures. These keywords are only recognized when they are the first word of a line and
include:

program - endprogram
procedure - endprocedure
if - endif

select - endselect

etc.

It is possible to define additional (or replacement) keywords for SDDL. Keywords have
been chosen so that they are close to those of SIMSCRIPT II.5. The directives for this
purpose are shown in table 10-1. Some compromises have been made to accommodate
SDDL because a unique pairing of module delimiters is required. SIMSCRIPT 11.5
normally usesnd in many contexts, but SDDL requires a change to, for example,
endmain , andendprocess
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Table 10-1. SIMSCRIPT II.5 Keyword Definitions for SDDL

#width 100

#mark .

#string '

#string "

#define module SECTION,ENDSECTION

#define module PROGRAM,ENDPROGRAM

#define module PREAMBLE, ENDPREAMBLE

#define module MAIN,ENDMAIN,STOP

#define module ROUTINE,ENDROUTINE,RETURN
#define module FUNCTION,ENDFUNCTION,RETURNWITH
#define module ROUTINE,ENDROUTINE,EXITROUTINE
#define module EVENT,ENDEVENT,STOPSIMULATION
#define module EVENT, EXITEVENT

#define module PROCESS,ENDPROCESS,SUSPEND
#define module PROCESS,REQUEST

#define process,,work

#define process,,wait

#define block if,always,else

#define block if,otherwise

#define block if,regardless

#define block do,loop,cycle

#define block do,loop,leave

#define block beginheading,endheading

#define block beginreport,endreport

#define call now perform schedule activate reactivate

10.4 Model Design

This paragraph presents the design of the waterways network model in the form of a
completed SDDL output (SDD). See figure 10-1. The overall structure was influenced by
the fact that the intended implementation language was SIMSCRIPT II.5. However,
SDDL can be used with a variety of target implementatiogdages. The power and
generality of the high-level SIMSCIPT I11.5 world-view can be clearly shown in SDDL
without concern for the implementation details. The level of detail shown in Example 10
is a compromise. In an actual design, there would be several such documents showing
successively more detail.
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kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

*  WATERWAYS NETWORK MODEL *
*  SDDL DESIGN DOCUMENT *
* VERSION 1 *

kkkkkkkkkkkkkkkkkkkhkkkkhkkkhkkkkk

Example 10. Waterways Network Model
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Table of Contents Page 1
Page Line +++++++++++++++++++++ttttttttt bbb+
Number Number Module Name
1 25 Title
1 30 Program Objectives
2 45 Program Preamble
3 81 Program Main
3 90 Program NETWORK.INITIALIZATION
3 108 Process TOW.GENERATOR
4 117 Process TOW
4 133 Routine PORT.OPERATION
4 141 Routine FORK.OPERATION
5 145 Routine LOCK.OPERATION
6 175 Process SIMULATION.REPORT
6 184 Routine PERIODIC.REPORT
6 193 Routine FINAL.REPORT
7 201 Event DEBUG.START
7 213 Routine DEBUG
7 230 Routine snap.r
8 Module Reference Tree
9 Cross Reference Tree
10 Cross Reference Listing

Example 10. Waterways Network Model - Continued
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Page 1

30 program objectives

kkkkkkkkkkkkkkkkkkkkkkkhhkhhkhkhkkkkkkkhkkkhkhhhhhhhhix

31
32
33
34
35
36
37
38
39
40
41
42
43

*

The objective of this study is to model *
a waterways network in sufficient detail *
to study congestion in the system due to *
delays experienced by tows at locks. As a *
measure of confidence, simulated traffic *
between ports will be measured for comparison *
to actual data. The model is to be operated *
interactively, allowing the user to quickly *
modify the network, adding or deleting ports, *
or reconfiguring locks, and changing the *
traffic load parameters between simulations. *

kkkkkkkkkkkkkkkkkkkkkkkhhkhhhhkkkkkkkkhkkkhkhhhhhhhhix

44 endprogram objectives

Example 10. Waterworks Network Model - Continued

191



Building Simulation Models with SIMSCRIPT 11.5

Line

192

Page 2

45 program preamble

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

processes
'TOW.GENERATOR'
"TOW'
'SIMULATION.REPORT'
events
'DEBUG.START'
entities
'NODE'
'LINK'
'CHANNEL'
'CHAMBER!
routines
'PORT_OPERATION'
'LOCK_OPERATION'
'FORK_OPERATION'
'NETWORK_INITIALIZATION'
sets
'ROUTE'
OWNER : NODE BY 'NODE'
MEMBER : LINK
'LOCK_QUEUE'
OWNER : NODE BY 'DIRECTION'
MEMBER : TOW
'LOCK.CHAMBER.SET'
OWNER : LOCK
MEMBER : CHAMBER
statistics
utilization of chambers
tows
NO. TRANSITING PAIRS OF PORTS
AVG. TIME TRANSITING PAIRS OF PORTS
ports
NO. TOWS RECEIVED
NO. GENERATED

80 endprogram

Example 10. Waterworks Network Model - Continued
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81
82
83
84
85
86
87
88

90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106 e

108 p
109
110
111
112
113
114 <
115
116 e

Chapter 10. A Comprehensive Example

Page 3
program main
perform NETWORK.INITIALIZATION-----------=------ (3
for each port
activate TOW.GENERATOR now-------------------- (3)
activate SIMULATION.REPORT now------------------- ( 6)
schedule DEBUG.START now (7

start simulation
end program main

program NETWORK.INITIALIZATION
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkihkkkkk
The initialization of the model is *
accomplished in the following manner:  *
1) An old input file is assumed to *
exist regardless of how out of *
date its contents may be. *
2) After the old input file is read *
in its entirety, an interactive *
routine guides the user through *
* the database, allowing changes *
* to be made. *
* 3) After all updates have been *
*
*

*
*
*
*
*
*
*
*

completed, a new file is *
optionally written. *

*kkkkkkhkkhkhkkkkkkkkkkkhhhhhhhhhkkkxkkkhkkrrkk

ndprogram

rocess TOW.GENERATOR
establish parameters for this port
until .END.OF.SIMULATION
do

activate tow now (4
establish tow parameters
—————— wait PORT.INTER.TOW.GENERATION.TIME
loop
ndprocess

Example 10. Waterworks Network Model - Continued
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Line

194

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

133
134
135
136
137
138
139

141
142
143
144

Page 4

process TOW
determine route for this TOW
for each link in route
do
determine travel time to next node
<-----work travel time hours
perform NODE.ROUTINE vyielding STATUS-------------- ()
if STATUS = "DELAYED"
S suspend
always
if processing time is not zero
Commmmmees work processing time
always
loop
endprocess

routine PORT.OPERATION
if TOW is destined for this PORT
update STATISTICS on incoming TOWS
always
report STATUS "OK" and PROCESSING TIME =0
to TOW
endroutine

routine FORK.OPERATION
report STATUS "OK" and PROCESSING TIME =0
to TOW

endroutine

Example 10. Waterworks Network Model - Continued
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145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

Chapter 10. A Comprehensive Example

Page 5

routine LOCK.OPERATION
if STATUS = "ARRIVING"
for each CHAMBER in LOCK,
with STATUS = IDLE
find the first case
if none
file tow in QUEUE (DIRECTION)
report STATUS "DELAYED" to tow
else
assign TOW to CHAMBER
determine processing time
report STATUS "OK" and processing time to TOW
always
else "STATUS is leaving
if QUEUE(NODE,DIRECTION) is empty
and QUEUE(NODE,OPPOSITE) is empty
set CHAMBER STATUS to idle
<-m-mme-- return
otherwise
if QUEUE(NODE,DIRECTION) is empty
or POLICY dictates change of direction
of SERVICE
change direction of SERVICE
always
remove next tow from QUEUE
assign tow to CHAMBER
determine processing time
reactivate tow now >( 4)
always
endroutine

Example 10. Waterworks Network Model - Continued
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Line Page 6
175  process SIMULATION.REPORT
176 until .END.OF.SIMULATION
177 do
178  <-----wait REPORTING.PERIOD >(6)
179 perform PERIODIC.REPORT > (6)
180 loop
181 perform FINAL.REPORT > (6)

182 endprocess

184 routine PERIODIC.REPORT

185 *kkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkhhhkkhkkkx

186 * THE PERIODIC REPORT CONSISTS OF THE *
187 * QUEUEING AND TRAFFIC SINCE THE LAST *
188  * PERIODIC REPORT. ALL “QUALIFIED” *
189  * STATISTICS ARE RESET AFTER REPORT. *
190 *kkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkhhhkkhkkkx

191 endroutine

193 routine FINAL.REPORT

194 *kkkkkkkkkkkhkkkkkkkkkkkkkkkkkkhkhkhhhkkhkkkx

195 * THE FINAL REPORT PRODUCES THE SAME *
196 * RESULTS AS THE PERIODIC.REPORT BUT *
197 * AGGREGATED OVER THE ENTIRE SIMULATION *
198 * PERIOD. *
199 *kkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkhkhhhkkhkkkx

200 endroutine

Example 10. Waterworks Network Model - Continued
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201
202
203
204
205
206
207
208
209
210
211

213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228

230
231
232
233
234
235
236

Chapter 10. A Comprehensive Example

Page 7

event DEBUG.START
*kkkkkkkkhkkkkkkhkkhkkhkkhkkhkhkkhkhkhkhkkhkkkhhkkhkkkhkhhkkhkhkkkhkx
* THIS ROUTINE INFORMS THE USER THAT DETAILED *
* TRACE IS BEGINNING AND QUERIES USER *
* FOR DESIRED SNAPSHOT OUTPUT *
*kkkkkkkkkhkkkkkkhkkhkkhkkhkkhkhkhhkhkhkkhkkkhhkkhkkkhkhkhkkkkhkkkhkx

if snapshot is desired
call snap.r >(7)

always

let BETWEEN.V = "DEBUG"

endevent

routine DEBUG

kkkkkkkkkkkkkkkkkkkkkkhhhkhhhhkkkkkkkkhkkkkhhhhhix

* AFTER A PRESCRIBED NO. OF LINES OF OUTPUT, *

* THIS ROUTINE QUERIES THE USER AS TO *
* WHETHER TO CONTINUE DEBUG OUTPUT, *
* RESUME IT LATER OR TERMINATE RUN. *

kkkkkkkkkkkkkkkkkkkkkkhhhkhhhhhkkkkkkkhkkkkhhhhhix

if continuing trace
select CASE per PROCESS_TYPE
CASE(TOW)
print TOW information
CASE(TOW.GENERATOR)
print PORT information
endselect
always
endroutine

routine snap.r
kkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkhkkkkdkkkkkkkkkkkkkk
* PRINT ALL RELEVANT SYSTEM INFORMATION AND THE *
* STATUS OF EACH TOW ON DEMAND (FROM DEBUG ROUTINE)*
* OR WHEN AN ERROR IS DETECTED (AUTOMATICALLY). *

kkkkkkkkkkkkkkkkkkkkkkkhhhhhhhkhkkkkkkhkkkkkkhkhhhhhhix

endroutine

Example 10. Waterworks Network Model - Continued
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kkkkkkkkkkkkkkkkkkk MODU LE REFERENCE TREE ******Page 8
LN PAGE

1 1 objectives

2 2 preamble

3 3  main

4 3 NETWORK.INITIALIZATION
5 3 TOW.GENERATOR

6 4 - - TOW

7 o NODE.ROUTINE
8 6 SIMULATION.REPORT

9 6 PERIODIC.REPORT

10 6 FINAL.REPORT

11 7 DEBUG.START

12 7 snap.r

13 4 PORT.OPERATION

14 4 FORK.OPERATION

15 5 LOCK.OPERATION

16 4 . TOW

17 * EXPANDED ON LINE 6
18 7 debug

Example 10. Waterworks Network Model - Continued
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Page 9

kkkkkkkkkkkkkkhkkkkkkkkkihkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkhkkkkhkkk

Identifier Module Name
CHAMBER
Page 2
Page 5
CHANNEL
Page 2
DIRECTION
Page 2 program preamble
Page 5 routine LOCK.OPERATION
FORK_OPERATION
Page 2 program preamble
LINK
Page 2 program preamble
Page 4 process TOW
LOCK_OPERATION
Page 2 program preamble
LOCK_QUEUE
Page 2 program preamble
NETWORK INITIALIZATION
Page 2 program preamble
NODE
Page

program preamble
routine LOCK.OPERATION

program preamble

2 program preamble
Page 4 process TOW
Page 5 process LOCK.OPERATION
PORT_OPERATION
Page 2 program preamble
ROUTE
Page
Page

2 program preamble
4 process TOW

Line Numbers

56 71

147 154 161 170

55

67
151 159 164 165

60

54 65
119

59

66

61

53 64 64 67
121
159 160 164

58

63
118 119

Example 10. Waterworks Network Model - Continued
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Cross Reference Listing Page 10

kkkkkkkkkkkkkkhkkkhkkkkkkhkkkhkkkkkkkkkkkkkhkkkkkkhkkkhkkkhhkkkkkkkkkhkhkkk

Identifier Module Name Line Numbers

AVG.

Page 2 program preamble 76
BETWEEN.V

Page 7 event DEBUG.START 210
.END.OF.SIMULATION

Page 3 process TOW.GENERATOR 110

Page 6 process SIMULATION.REPORT 176
LOCK.CHAMBER.SET

Page 2 program preamble 69
NO.

Page 2 program preamble 75 78 79
PORT.INTER.TOW.GENERATION.TIME

Page 3 process TOW.GENERATOR 114
REPORTING.PERIOD

Page 6 process SIMULATION.REPORT 178

Example 10. Waterworks Network Model - Continued
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Appendix A: SIMSCRIPT Reference Syntax

A.1 Basic Constructs

The notation employed in describing SIMSCRIPT 11.5 is an improved version of
conventions used in several computer programming language descriptions. In the
following pages:

1.

Words in lower casbold letters denote required statement keywords, as well as
optional words or phrases used either for clarity or used as an optional feature.

Primitives are shown in lowercageliics = and denote words for which values
must be supplied, unless denoted as optional.

Metavariables, such as expressions, selection clauses (defined below) etc., are also
shown in lowercasgalics . Again, actual expressions must be supplied.

A statement is a combination of keywords, primitives, and metavariables that fol-
low a certain pattern called the syntax of the statement.

Brackety] and brace§} denote choices. When brackets appear, a chuage

be made from the options indicated. When braces appear, a schatee made.

The items available for selection appear within the brackets or braces separated
from one another by a vertical bar When the choice can be repeated, a symbol
(or symbols) that must separate the items in that list of choices is written immedi-
ately after the right-hand brace or bracket enclosed in angles. For example,

{A|B}<,> represents a sequence of any numbeésandBs separated
by commas. For example,

A A B AB
whereas,

{A}<,>

iS equivalent to:
A[AI[.A]...[ Al

The null separater> is used to indicate that no symbol need separate the items in
a list. Anexample ofA|B}<> might beAABAB...A . The choice repre-
sented byf A} <> is equivalent t?A[ A][A]...[A]

A list separator symbol can itself be complex, involving choices and repetitions, as
iNn{A|B}<AND|OR > . An instance might be:

AANDBORBORA

Plural keywords ending in S suchvasiables  orlines , can be written in sin-
gular form asvariable  orline  when called for by the grammar of a statement.
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A.2 Primitives

Integer: Sequence of digits delimited by blanks, special characters, or an end of
record.

Name: Any sequence of letters and digits containing at least one letter and

delimited by blanks, special characters, or an end of record.

Special names:The syntax of special names is the same as the name. However, each special
name is required in the context specified.

Each of the following names must be defined in the progneamble
before use in other contexts:

attribute name

event name
permanent entity name
process hame

gualifier name
resource name

set name

temporary entity name

While it is not necessary to define the namatine  name, in thepreamble ,
the name must correspond to a user-defined routine.
Word: {integer
| name
| number
| special_character
| string

}

Words must be separated from each other by one or more blanks unless one of
them is a special character.

Periods (.) are ignored between words and at the end of statements.

Comments can be inserted between any two words in a program by enclosing
them in quotation marks (") formed by two consecutive apostrophes. The right-
hand set of quotes is not necessary if the comment is the last item on the line.

A.3 Metavariables

In order to compress the syntax description of the statements, several commonly repeated
expressions, or metavariables, are defined here rather than at each permissible usage.
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arithmetic expression: =+ |-]{(

array reference: + ( [

comma: ={, |

for phrase:

for { name{ backfrom

Appendix A: SIMSCRIPT Reference Syntax

expression )

| number

| subprogram constant
| string constant

1[$]

p<H-1x >

expression

and |, and}

=} expression

| { each | all | every }
{ permanententity name
| namel{
{ of | in
[ in reverse order ]

}
}
OO
format:

format ; ={B

format , +{fo

expression |S  expression

rmat

integer
integer
integer
integer
integer

from | after
| on]| at}

|
}

set name [ subscript

selection clause

1. | integer
C expression
| expression

A expression

1<,>{*}<,>)

variable

resource name

expression

| termination clause

D ( expression, expression
E ( expression, expression

T expression

integer

|/}

T*

to expression

]

[ by expression

[ called

variable

]<>

]

]
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logical expression:

{{( logical expression )
expression {[is] relational operator expression }<>
expression [ is ][ not ]{ positive | negative | zero }
mode [ is ] not ]{ real | integer | alpha | text }

data [ is J] not ] ended
card [ is ]| not 1 new
page[ is ][ not ] first

[ the | this ]| setname [ subscript ] is [ not ] empty
[ the | this ] expression is [ not ]
in[ a| an]| the | some] setname
| { event | process } is [ not ]
{ internal | endogenous
| external | exogenous

}
H is 1{ true }| false }

}{ and]| or}

number: = { integer | .integer | integer [ .integer ]}

program_label: =" { name| number }'

relational operator:

{{=1 eq | equals | equalto }

|[{ ==] ne| notequalto }

[{<I Is | It | lessthan }

[{>| gr | ot | greaterthan }

[{<=] le | notgreater than | no greater than }
[{>=] ge | notless than | nolessthan }

}
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selection clause:

{ with
|[ except ] when
| unless
} logical expression [,]
string constant: =" { name| number | blank }<>"

special character: = { (| )|+ |- |#]|/|**|$}

subscript: = ({ expression }<,>)

subprogram constant: = {' routine name '}

termination clause: = { while | until }logical expression [, ]
variable: = name[ subscript | array reference ]

207



Building Simulation Models with SIMSCRIPT 11.5

A.4 The Statement Syntax

{ accumulate | taly }

{ name{=| as }[ the ][ qualifier name ]
{ average | avg | mean

| sum

| number | num

| variance | wvar

| std.dev | std

| sum.of.squares | ssq

| mean.square | msq

| minimum | min

| maximum| max

}

| name([+]-]1{ name| number } to [+]|-]{ name| number }
by { name| number })

{ as|=}] the ][ qualifier name ] histogram
}< comma> of name

Specifies automatic data collection and analysis.

{ activate | cause | reactivate | schedule | reschedule }
{ al] an| the |] above ]| this }

{ process name | eventname }| called variable ]

[{ given | giving }{ expression }< comma >

| (  expression }< comma>)
]
{ at expression
| now | next
[{ in | after } expression { wunits | days | hours | minutes }
}

Creates (fom or an ) and places an event or process notice in the pending list in proper
chronological order.
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add expression to variable

Adds the value oéxpression  to the value of theariable

after - Seebefore .

[also ]{ for | termination clause }
[ for | termination clause | selection clause ]<>
do[ this | the following ]

Logical phrases control the execution of statements that follow them. When more than one
statement is to be controlled, the woddsandioop must bracket the statements. Multiple
control phrases terminating control on the séoop statement are preceded by the word
also .

always - Seeif .

{ before | after }
{{ creating | destroying }< comma>
[ a] an| the | any ] temporary entity name
[{ filing | removing }< comma>
[ in | from ]{ a| an]| the | any} setname
[{ acting | causing | canceling | interrupting | scheduling }< comme>
[ al] an | the | any ]{ process name | eventname }
} call routine name

Specifies a call to the named routine whenever the indicated statement is executed. Inputs
to the routine (automatically supplied) are:
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BEFORE AFTER

create not allowed entity identifier

destroy entity identifier not allowed

file entity identifier, sub- entity identifier, sub-
scripts scripts

remove entity identifier, sub- entity identifier, sub-
scripts scripts

activate entity identifier, time entity identifier, time

cause entity identifier, time entity identifier, time

schedule entity identifier, time entity identifier, time

cancel entity identifier, time entity identifier, time

interrupt entity identifier entity identifier

begin heading

Marks the beginning of a heading section within a report section.

begin report [ onanewpage ]| printing for , ingroups of integer
[ perpage ] ]

Marks the beginning of a report section with optional new page and column repetition
features.

break { eventname | processname } ties {{ by| on}[ high | low ]
attribute name }< commathen >

Establishes the priority order within a process or event class in case of time-tie.

{ call | perform | now } routine name
[{ given | giving | the | this }{ expression }< comma>
| ({ expression }< comma>)]|[ yielding { variable }< commea>]

Invokes a routine used as a procedure.
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cancel [ the ] above ]| this ] eventname [ called variable ]

Removes a scheduled event notice from the pending list.

cause - Seeactivate

compute
{ variable {=] as }[ the ]
{ average | avg | mean

sum
number |  num
variance | var
std.dev | std
sum.of.squares | ssq
mean.square | msq

minimum |  min
minimum | max
maximum| min }( variable )
maximum | max} ( variable )

}

}< comma> of expression

Must be controlled by a logical control phrase. Computes the indicated statistics of the
expression after theop statement if the control is oveda...loop  block.

create {[ a| an]{ temporaryentity name | processname | eventname }
[ called variable ]
[{ each| all | every }{{ permanent entity name | resourcename '}
[( expression )]}< comma>
}

Obtains a block of words of the appropriate size for the named entity.

cycle | next

Returns control immediately to the top of a loop for testing and next iteration. Must be
contained within ao...loop  block.
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define { setname }< comma> as| a| an]] LIFO] set
[ ranked {{ by | on}[ high | low ] attribute name }
< commathen >]

[ without { F| || N| P|] S| M} attributes ]
L] wihot { F| FL| FB| FAl F| RA RL RY R} comme rouines ]

Defines set ranking and optional deletion of owner and member attributes and processing
routines.

define { routinename }< comma> as|[ a| an]

[ integer | alpha | real | double | text ]

[ releasable | fortran | nonsimscript ]{ routine | function }
[{ given | giving | with } integer { values | arguments ]]

[[ comma] vyielding integer [ values | arguments ]]

Defines routines, their mode and the number of givenl/yielding arguments for consistency
checking.

define { name}< comma> as|[ a| an]

[[ integer | real | double | alpha | text | sighed integer ]
[ integer -{ dim | dimensional }]
[ dummy| subprogram | stream { name | integer '}

1< comma) >
{ variable | array }
[ monitored on {[ the ]{ left | right }}< comma> |

Defines the properties of global variables.
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define { name }< comma> as|[ a| an]

[ integer | real | double | alpha | text ]
[ integer -{ dim | dimensional }]
[ subprogram ]

[ saved | recursive ]
1< comma>
{ variable | array }

Defines the properties of local variables.

define  word tomean { word }<>

Instructs the compiler to substitute the words following the keywwm@hfor the indicated

word in all subsequent statements, before they are compiled. The sequence of words to be
substituted is terminated by the first end of record followegn. The sequence of words

in adefine to mean statement cannot be empty.

destroy { the | this ]{ temporary entity name | process name
| eventname }[ called variable ]
| each { permanent entity name | resource name }}

Releases the block of storage for the specified emitye.

do loop [ this | the following ]

Used withloop to delimit a group of statements controlled by one or more logical control
phrases.

else - Seeif .

end

Marks the physical end of a progrgmeamble , routine, report section, or heading section
within a report section.

enter with variable

Used to transfer dght- hand expression to a local variable withiref:= handed
function.
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erase { name }

Used to release storage usedtét variables.

{ event | wupon}[ to | for ] eventname
[{ given | giving | the | this }{ name}< comma>
| ({ name}< comma>)]
[ saving the event notice ]

Event routine heading. Unlesaved , the associated event notice is automatically
destroyed when the event routine is executed.

{ event notices | events }[{ include | are }{ eventname }< comma>]

Preamble statement marking the start of event declarations.

every { entityname }< comma>|[ may| can ]

{has { a| an| the | some} attribute name
[({ integer | integer |*  integer | integer-integer 1
[ in { array | word } integer | function ]
| owns {{ a| an| the | some}set name}<comma >
| belongsto {{ a| an| the | some } setname }< comma>
| has { a | an| the | linear ] attribute name
random [ step | linear ] \variable
[ in { word | array } integer ]

}< comma>

Entity-attribute-set structure declaration. Specifies optional attribute packing,
equivalences, word assignments, and functions.

{ external | exogenous }

{ event | process } unitsare
{ name | integer }< comma>

Logical input devices from which external event/process data will be read.

{ external events | exogenous }
{ events | processes } are { eventname | processname }< comma>

Declares the names of the events and processes which can be triggered externally.
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fle { the | this ] expression

[ first | last |{ before | after } expression ]
in { the | this ] setname { subscript ]

Places an entity in a set.

find { the first case

|{ variable =[ the ]] first ] expression }< comma>
H,

[

]

if { found | none}[,]

Must be controlled by &r phrase with a selection clause, but cannot be within a
do...loop  block. The optionf statement directs control after the conpbtase has
been completed, depending upon the outcome dinithe.

go[ to ]{' program label [( expression )]’
| program label [(  expression )]
[{' programlabel '| programlabel }< or > per expression
}

Transfers control to a labelled statement or one of several labelled statements in a list
according to théinteger  value of the transfer expressiexpression

if logical expression [,]
[ statement ]<>
[ else | otherwise ]
[ statemen t]<>
{ endif | always | regardless }

Theif statement directs control to one of two possible groups of statements, depending on
the outcome of théogical expression . If statements may be nested to any
complexity. Refer to paragraph 3.5.1

interrupt [ the | this | theabove | processname [ called variable ]

Removes processes from the pending list, computes the “time fingoa - TIME.V )
and stores it inime.a  ( process name ) [ortime.a  (variable ) ].

last column { is |=} integer

Directs compiler to ignore columns beyantkger on subsequent input records.

215



Building Simulation Models with SIMSCRIPT 11.5

leave

Transfers control to the statement immediately following the Inegt statement.

let variable = expression

Assigns the value oéxpression to thevariable . If variable isinteger and
expression isreal , the result is rounded before storing.

list { expression
| attributes of { entity [ -called expression ]
| each entity
[{ from | after } expression ]
[{ in| of| at| on} setname [ subscript 1]
[ inreverse order ]
[,{ selectionclause | termination clause 1<>]

}< comma>

A free-form output statement that labels and displays values of expressions, and one- or
two-dimensional attributes or arrays.

{ loop | repeat }

Used withdo to delimit a group of statements controlled by one or more logical control
phrases.

main

Marks the beginning of theain routine in a program. Execution commences at the first
executable statement afteain .

move { from expression
| to variable

}

Used only within a routine defined for a monitorediable  to access or set the value of
that variable

NOTE: move to left-monitored variable
move from  right-monitored variable
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next - Seecycle .

normally {,]

{ mode{ is |[=H integer | real | double | alpha | text | undefined }
| type { is |=}{ saved | recursive | undefined }

[{ dimension | dim }{ is |=} integer

} < comma >

Establishes background conditions for properties of variables and functions that are
effective unless overridden by subsequagfine declarations or, in the case of local
arrays, first use.

now - Seecall

otherwise -Seef .

perform - See call

permanent entities [ include { permanententity name }< comma>]

Preamble statement marking the startmdrmanent entity declarations.

[ new| old | veryold ] preamble

Marks the beginning of the progrgsreamble .

print  integer [ double ] lines

[ with { expression | agroup of { expression }
< comma> fields }< comma>]

[ suppressing from column integer ]

{ thus | like this | asfollows }

The integer lines following theprint  statement are format lines containing text and
pictorial formats for the display of indicatectpression  values.

The phraseagroupof  { expression } <comma>fields andsuppressing from
column integer , can only be used within report sections that have column repetition.
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priority order is { eventname | processname }< comma>

Thispreamble statement assigngeority order to different classes of processes and
events to be used to resolve time-ties in scheduling.

process { to | for ] processname
[{ given | gqgiving | the | this }{ name}< comma>
| ({ name}< comma>) |

Process routine heading declaration. Theocess name process must be declared in
thepreamble .

processes [{ include | are }{ processname }< comma>]

Preamble statement marking the start of process entity declarations.

read {{ variable }< comma>|[ as {[ double ] binary
[ T( expression )]{ format ,}< comma>}]

| as{ format {}< comma>

}

[ using { the buffer [ [ tape | wunit ] expression }]

Reads data, either formatted or free-form, from a specified device or the previously
established input device.

regardless - Sedf .

release { variable }< comma>

Frees storage occupied griable s (either arrays or attributes of permanent entities or
resources).

relinquish expression [ units of ] resource name [ ( subscript )]

Makes the specified number ahits of the resource available for automatic
reallocation.

remove [ the ]
{{ first | last } variable
|[[ this | above ] expression
} from [ the | this ] setname [ subscript ]

Removes an entity from a set.

218



Appendix A: SIMSCRIPT Reference Syntax

repeat - Seedoop .

request expression [ unitof ] resource |[( subscript )]
[[,] with priority expression

Makes arequest for the specified number ohit s of theresource . If not available,
the request ing process is enqueued phniority order and suspended awaiting
availability of theresource .

reschedule - Seeactivate

reserve {{ variable }< comma> as{ expression }
< by >[ by*]}< comma>

Allocates blocks of storage of the specified size tovtrable s. Ifby * is specified,
only pointer space (for multi-dimensioned arrays) is allocaBterwise, the data storage
is also allocated.

reset [ the ][ qualifier name ]< comma >
totals of { wvariable }< comma>
Initializesaccumulate ortally counters associated witlariable . If totals is not

preceded byualifier ~ nameg(s), all counters ofariable  are (re)initialized. Otherwise,
only those counters with the matching qualifiersraset .

resources [{ include | are }{ resource name }< comma>

Preamble statement marking the start of resource entity declarations.

resume [ the | this | theabove ]| processname [ called \variable ]

Used to restore a previously interrupg@dcess to the pending list with the remaining
“time-to-go” taken frontime.a (process name ).
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resume substitution

Used to reinstate theubstitution s previously nullified by auppress
substitution statement.

return [ ( expression ) | with  expression ]

Used in a procedure, this statement returns control to its calling program. Used in a
function, this statement returns control and a value to its calling program.

rewind [ tape ] wunit ] expression

Rewinds an input/output device.

[ left | right |{ routine | function | subroutine }
[ to | for | routine name
[{ given | giving | the | this }{ name}< comma>

| ({ name}< comma>) |
yielding { name}< comma>]

Routine heading declaration. The prefieft orright is for declaring monitoring
routines. Aroutine used as a function has onmjiyen arguments.

schedule - Seeactivate

skip expression { fields |[ input | output ]{ cards | lines | records }}

Applies to the current input or current output usitip expression  fields  applies only
to the current input unit. If neith@mput noroutput is specifiedcards andrecords
imply input  andlines impliesoutput
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start new { page |[ input | output ]{ card | line | record }

Applied to the current input or output unit. If neitirgrut noroutput is specifiedgard
andrecord imply input ,andline impliesoutput .

start simulation

Causes the timing routingime.r ) to begin selecting and executing events and/or
processes.

stop

Halts program execution and returns control to the operating system.

store expression in variable

Assigns the value adxpression  to variable  without regard to mode.

substitute { this | these } integer lines for word

Instructs the compiler to substitute the nexéger lines following word for each
occurrence ofvord in all subsequent statements before they are compiled.

subtract expression  from variable

Subtracts the value ekpression  from the value ofariable  and stores the difference
in variable

suppress substitution

Used to nullify currentsubstitution s (possibly in order to modify the
substitution S).

suspend [ process |

Used to place the curreptocess in the passive state and return control immediately to
the timing routine without destroying the curremicess .

tally - Seeaccumulate
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temporary entities

Preamble statement marking the starttefnporary entity declarations.

thesystem [ may | can ]

{ has {{ a| an| the | some} attribute name
[({ integer | integer |*  integer | integer-integer 1
[in { array | word} integer | function ]

1< comma>
| owns{{ a| an| the | some} set }< comma>
| has{ a| an| the | some} attribute name
random [ step | linear ] variable
[ in { word| array } integer ]
}< comma>

Specifies attributes ahe system and sets owned ke system . Also specifies
optional attribute packing, equivalences, word assignments, and functions.

[ then ]if - Seeif .

trace [ wusing [ tape | wunit ] expression ]

Produces a backtrack of the current function and subroutine calbse is executed
automatically when SIMSCRIPT I1.5 detects an error during execution. In this case, the
standard listing device is used.

upon - Seeevent .

use { thebuffer [[ tape | unit ] expression } for { input | output }

Establishes the indicated input or output device as the cinpemt oroutput unit. All
subsequeninput/output statements that do not specify their own devicassiing
phrases use these current units. Speciffiagbuffer causes reading or writing to an
internal file.

{ wait | work } expression { wunits | days | hours | minutes }

Introduces a delay oéxpression  time-units into a process.

work -Seewait .
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write  { expression }< comma>{ as{[ double ] binary
[[( expression )]{ format ,}< comma>

| as { format ||*}

}

[ using { the buffer I tape | unit ] expression }

]

Writes data to the specified device or the previously established output device according to
the specified format.
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A.5 Preamble Statement Precedence Rules

The following statements may only appear in the progpeesamble (except where
otherwise noted). No other statements may appear préamble .

in

Statement
Statement Rules
Type

la normally Can appear anywhere preamble .

1b define to mean

1c substitute

1d suppress substitu-

tion

le resume substitution

1f last column

2a temporary entities A preamble may contain many types of 2a, 2b, 2
2d, and 2e statements.

2b permanent entities

2c event notices

2d processes

2e resources

3a every Many can follow a Type 2 statement. An entity ca
appear in more than omeery statement.

3b the system

4 define variable No precedence relation if it defines a global variab,
Must follow all Type 3a statements if it defines an
attribute named in them. A variable, attribute, or
function can appear in only odefine  statement.

5 define set Must follow Type 3 statements which declare the
MEMBERI OWNERNtity.

No type 6-9 statement can precede any Type 2-3 statements.

6a break ties One statement allowed for each process or event
notice.

6b external events

6C external processes

6d external units
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Statement Rules
Type

7 priority Must follow all Types 2c, 2d, and Type 6b and 6¢
statements (and thedvery statements).

8a before One of each per entity/set action.

after

9a accumulate One statement allowed for each attribute or unsu
scripted global variable.

9%b tally
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Appendix B. SIMSCRIPT II1.5 Coding
Conventions

The following conventions are not formally a part of SIMSCRIPT I1.5. They are, in fact,
in addition to the requirements of the language as specified iIBIMECRIPT [1.5
Reference Handboand related manuals. The purpose of this convention is two-fold:

a. To minimize the chance for errors in coding large, complex models

b. To standardize the form of programs so as to simplify the reading of programs
prepared by others.

The SIMSCRIPT II.5 concepts of processes, events, functions and subroutines lend themselves
to the construction of very modular programs. Each module should be written to perform
one major function. The interfaces between modules must be clearly defined. If dataare passed
from one module to another either explicitly or implicitly, this must be specified.

Within modules, the conventions of structured programming should be adhered to, to the
extent that they aid the clarity of expression and do not obscure it! An occagiaoal

may actually improve the readability of a program even though “pure” structured
programming might preclude its use.

Top-down-structured progmaming is accomplished in SIMSCRIPT 1.5 very naily.
The preamble is actually a top-level specification of the model. All of the modeling
elements are defined in theeamble . Each passive eleme@NTITY) and each dynamic
element PROCES®rEVENT is listed together with its attributes and set relationships.

Preamble -related coding standards:
1. All processes and entities should have a single-word name that can easily be

abbreviated to two characters.

2. Each attribute name should be of the fotiname wherexXis the two-character
abbreviation of the process or entity having the attribute and name is the descriptive
attribute name.

3. All sets should be named so as to include a word susit a@r list  in the title.
4. All entity names should be defined locally in every routine by means of a
substitute statement such as:

substitute these 2 lines for DEFINE.LOCAL.ENTITIES
define LINK, MESSAGENODE,BLIP and TRACKas integer variables

This is to avoid the “side-effect” errors of inadvertently changing entity references
in subroutines or co-routines (parallel processes).

5. Process attributes should be restricted to the information required external to the
process. All remaining data should be defined locally to the process (explicitly).
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6. No default definitions should be used. Attributes and system variables should be
defined explicitly.

7. Sets should be explicitly defined even though they could be satisfied by default.

B.1 Code Indentation Conventions

1. The basic intent of indentation is to improve the appearance and readability of the
code. A basic increment for indentation should be adopted. If a statement overflows
a line, it should be indented further. The amount of additional indentation is left to
the user.

2. Only one statement should be coded per line.
3. Conditional statements should be indented as follows:

a. if

(no explicit transfer statement)
else

always

(explicit transfer statement)
otherwise

c. if

always
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4. Loops are indented as follows:

a. for
with
until

do

loop
b. for
with
let
(Any single statement under the control dba is not indented further).
5. The case statement can be implemented as follows:

go to L(case)
L(2)

go to end case
L(2)

go to end case

'‘endcase’

6. Nested situations imply further indentation.
7. Thethen if construct of SIMSCIPT II.5 should not be used.
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B.2 Structured Programming

While “pure” structured programming would enforce the rule of single-entry-single-exit to
any program module, it is sometimes less confusing to usara, cycle, leave or

stop atthe end of one path rather than to collect seubval)s at the end of the structure.
Goto statements should be avoided wherever possible.

B.3 Implied Subscripts

Considerable use is made of the implied subscripting feature of SIMSCRIPT I1.5.
Generally, the value of the implied subscript should be set in the same routine in which it
is used. The only exception to this is a process or event routine wherein references to the
attributes of that process or event notice are made via the global pointer which was set by
the timing routine. To identify implicitly subscripted attributes in program statements, two
periods are suffixed to the attribute name. The following statement illustrates this
convention.

let TK.BETA..=(TK.G..*DELTA.T+TK.BETA..)
J(TK.F..+1

where, in this case, all implicit subscripts are references to the entity abbraWated
For example, this entity may have been defined thus:
every TRACK has

a TK.ALPHA in WORD 1
a TK.BETA in WORD 2
a TK.Fin WORD 3

a TK.G in WORD 4

etc.
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Deviate Generator

C.1 Routine Listings

The algorithms used for generating random deviates are shown in this appendix as they are
actually coded in SIMSCRIPT II.5.

If it is desired to replace a system function, sucheadom.f orgamma.f, the routine
name must not be declared in theamble . The routine is automatically declaredtby
system and an additionalefine statement would be taken as an error.

C.1 Initial Random Number Stream Seeds - SEED.V

SEED.V(1) = 2,116,429,302
SEED.V(2) = 693,743,814
SEED.V(3) = 964,393,174
SEED.V(4) = 1,217,426,631
SEED.V(5) = 618,433,579
SEED.V(6) = 1,157,240,309
SEED.V(7) = 15,726,055
SEED.V(8) = 48,108,509
SEED.V(9) = 1,797,920,909
SEED.V(10) = 477,424,540
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1 routine beta.f(K1, K2, STREAM)

2 define K1, K2, and X as double variables
3 define STREAM as an integer variable

4 if KI<=0

5 let err.f = 147

6 return

7 otherwise

8 let K2 <=0

9 let err.f = 148

10 return

11 otherwise

12 let x = gamma.f(K1, K1, STREAM)

13 return with X/X + gamma.f(K2, K2, STREAM))
14 end

1 routine binomial.f(N, P, STREAM)

2 "If N is a large integer or incorrectly initialized to a real value.
3 " Computation time for this function may be excessive
4 define N, I, SUM and STREAM as integer values

5 define P as a double variable

6 ifN<=0

7 let err.f =141

8 return

9 otherwise

10 ifP<=0

11 let err.f = 142

12 return

13 otherwise

14 forl=1to N

15 when random.f(STREAM) <= P

16 add 1 to SUM
17 return with SUM
18 end

Figure C.1. SIMSCRIPT II.5 Random Deviate Generator Routine Listings
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15
16
17

Appendix C. SIMSCRIPT I1.5 Random Deviate Generator

routine erlang.f(MU, K, STREAM)

18 end

©CooO~NOUTDWNPE

Figure C.1. SIMSCRIPT II.5 Random Deviate Generator Routine Listings

"If K is a large integer or incorrectly initialized to a real value
"Computation time for this function may be excessive
define MU and E as double variables
define I, K, and STREAM as integer variables
if MU <=0
let err.f =133
return
otherwise
ifK<=0
let err.f =134
return
otherwise
letE=1
forl=1to K
let E = E * random.f(STREAM)
return with -log.e.f(E) * MU / K

routine exponential.f(MU, STREAM)

end

define MU as a double variable
define STREAM as an integer variable
if MU <=0
let err.f=132
return
otherwise
return with -MU * LOG.E(random.f(STREAM))

Continued
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1 routine gamma.f(MEAN, K, STREAM)

2 define MEAN, K, KK, I, Z, A, B, D, E, X, Y and W as double variables
3 define STREAM as an integer variable
4 if MEAN <=0

5 let err.f = 145

6 return

7 otherwise

8 ifK<=0

9 let err.f = 146

10 return

11 otherwise

12 letZz=0

13 let KK = trunc.f(K)

14 let D = frac.f(K)

15 if KK ne 0

16 letE=1

17 forl =1to KK

18 let E = E * random.f(STREAM)
19 let Z = -log.e.f(E)

20 fD=0and K<5

21 return with (MEAN /K ) * Z

22 otherwise

23 always

24 letA=1/D

25 letB=1./(1.-D)
26  letY=20

27 whileY>1.0

28 do

29 let X = random.f(STREAM)**A

30 let Y = random.f(STREAM)**B + X
31 loop

32 let W = X/Y
33 let Y = -log.e.f(random.f(STREAM))
34 return with (Z + W * Y) * (MEAN / K)

Figure C.1. SIMSCRIPT II.5 Random Deviate Generator Routine Listings -
Continued
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routine log.normal.f(MU, SIGMA, STREAM)
define MU and SIGMA as double variables
define S and U as double variables
define STREAM as an integer variable
if MU <=0

let err.f = 135
return

otherwise
if SIGMA <=0

let err.f =136
return

otherwise

let S = log.f((SIGMA*SIGMA)/(MU*MU) + 1)

let U = log.e.f(MU) - 0.5F*S

return with exp.f(normal.f(U, sqrt.f(S), STREAM))

end

routine normal.f(MU, SIGMA, STREAM)
define MU and SIGMA as double variables
define STREAM as an integer variable
define R, S, X, XX, Y, YY as double variables
if SIGMA <=0

let err.f =137
return

otherwise
letS=2.0
while S > 1.0

do

let X = random.f(STREAM)
let Y = 2*random.f(STREAM) - 1
let XX = X*X
let YY = Y*Y
let S = XX +YY
loop

let R = sqrt.f(-2*log.e.f(random.f(STREAM)))/S
return with MU + (XX - YY)*R*SIGMA

end

Figure C.1. SIMSCRIPT II.5 Random Deviate Generator Routine Listings -

Continued
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1 routine poisson.f(MU, STREAM)

2 define MU, X and Y as double integers

3 define N and STREAM as integer variables

4 if MU > 6

5 return with abs.f(normal.f(MU7, sqrt.f(MU), STREAM)
6 otherwise

7 if MU <=0

8 let err.f =138

9 return

10 otherwise

11 let Y = exp.f(-MU)
12 let X = random.f(STREAM)
13 while X >=Y

14 do

15 add1to N

16 let X = X * random.f(STREAM)

17 loop

18 return with N

19 end

1 routine randi.f(l, J, STREAM)

2 define |, J, and STREAM as integer variables
3 ifJ<lI

4 let err.f =139

5 return

6 otherwise

7 return with trunc.f(random.f(STREAM)*(J - | + 1)) + |
8 end

Figure C.1. SIMSCRIPT II.5 Random Deviate Generator Routine Listings -
Continued
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routine uniform.f(A, B, STREAM)
define A and B as double variables
define STREAM as an integer variable
ifB<A
let err.f = 140
return
otherwise
return with A + random.f(STREAM)*(B - A)
end

O©CoOoO~NOULD WNPE

routine weibull.f(SHAPE, SCALE, STREAM)
define SHAPE and SCALE as double variables
define STREAM as an integer variable
if SHAPE <=0
let err.f = 143
return
otherwise
if scale <=0
let err.f =144
10 return
11 otherwise
12 return with SCALE*((-log.e.f(random.f(STREAM)))**(1.0/SHAPE))

©CoO~NOUID WNBE

Figure C.1. SIMSCRIPT II.5 Random Deviate Generator Routine Listings -
Continued
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Appendix D. System-Defined Names

The names defined by the SIMSCRIPT I11.5 language system are described below.
Additional names are defined to support special features of particular hardware.

D.1. Variables

BETWEEN.V

Syntax BETWEEN.V
Mode Subprogram

Description Subprogram variable called before each event is executed.

Default 0
BUFFER.V

Syntax BUFFER.V
Mode Integer

Description ~ The length of the internal buffer.

Default 132
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EOF.V
Syntax EOF.V
Mode Integer

Description End-of-file code0 denotes that an end-of-file marker is an ertandi-
cates return control witBOF.V set ta2 when end-of-file is encountered,;
one for each input unit. A separate value is maintained for each unit. Only
the currently used value is accessible to the program.

Default 0
EVENT.V

Syntax EVENT.V
Mode Integer

Description Code representing the event/process class to occur next.

Default 0
EVENTS.V

Syntax EVENTS.V
Mode Integer

Description The number of event/process classes.

Default 0
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f.ev.s
Syntax f.ev.s(*)
Mode Integer

Description ~ Array containing the first-in-set-pointers for the eventset .

Default 0
HEADING.V
Syntax HEADING.V
Mode Subprogram

Description A subprogram variable tested by the system for each new page. A separate
value is maintained for each unit. Only the currently used value is accessi-
ble to the program.

Default 0
HOURS.V

Syntax HOURS.V
Mode Real

Description Number of hours per simulated day.

Default 24
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l.ev.s
Syntax l.ev.s(*)
Mode Integer

Description ~ Array containing the last-in-set pointers for the eventeset, .

Default 0
LINE.V

Syntax LINE.V
Mode Integer

Description Number of the current output line. A separate value is maintained for each
unit. Only the currently used value is accessible to the program.

Default 1
LINES.V

Syntax LINES.V
Mode Integer

Description Number of lines per page. A separate value is maintained for each unit.
Only the currently used value is accessible to the program.

Default 55
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MARK.V
Syntax MARK.V
Mode Alpha

Description ~ Termination character required on external event records and on the input
for random variables.

Default *
MINUTES.V

Syntax MINUTES.V
Mode Real

Description Number of minutes per simulated hour.

Default 60
n.ev.s

Syntax n.ev.s(i)
Mode Integer

Description Function returning the number of events in class

Default n/a
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PAGE.V
Syntax PAGE.V
Mode Integer

Description Number of the current output pagk separate value is maintained for each
unit. Only the currently used value is accessible to the program.

Default 1
PAGECOL.V
Syntax PAGECOL.V
Mode Integer

Description If #0, column number in whicRAGEand the value ®?AGE.V are to be
printed on the output listingA separate value is maintained for each unit.
Only the currently used value is accessible to the program.

Default 0
PARM.V

Syntax PARM.V(*,*)
Mode Alpha

Description Array containing parameters passed to program from command line.

Default No
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RCOLUMN.V
Syntax RCOULUMN.V
Mode Integer

Description Pointer to the last column read in the input buffer. A separate value is
maintained for each unit. Only the currently used value is accessible to the

program.
Default 0
READ.V
Syntax READ.V
Mode Integer

Description Number of the current input unit.

Default 5
RECORD.V

Syntax RECORD.V(n)
Mode Integer

Description The number of records read from or written on the indicated unit.

Default 0
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RRECORD.V
Syntax RRECORD.V
Mode Integer

Description ~ The number of records read from current input unit, or the most recent line
number read.

Default

SEED.V

Syntax SEED.V(¥)
Mode Integer

Description Array containing initial random numbers.

Default 0
TIME.V

Syntax TIME.V
Mode Real

Description Current simulated time.

Default 0
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WCOLUMN.V
Syntax WCOLUMN.V
Mode Integer

Description Pointer to the column last written in the output buffArseparate value is
maintained for each unit. Only the currently used value is accessible to the

program.
Default 0
WRECORD.V
Syntax WRECORD.V
Mode Integer

Description ~ The number of records written to current output unit, or the most recent
line number written. A separate value is maintained for each unit. Only
the currently used value is accessible to the program.

Default 0
WRITE.V

Syntax WRITE.V
Mode Integer

Description Number of the current output unit . A separate value is maintained for each
unit. Only the currently used value is accessible to the program.

Default 5
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D.2 Constants

exp.c

Mode Real

Description ~ 2.7182818284590452

inf.c

Mode Integer

Description Largest integer value that can be stored.
pi.c

Mode Real

Description 3.1415926535897932

radian.c

Mode Real

Description 57.295779513082321 degrees/radian.
rinf.c

Mode Real

Description Largestreal value that can be stored.
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D.3 System-Defined Attributes

time.a

Entity Processes and Events

Mode Real

Description ~ Time at which event (process) is to occur.
eunit.a

Entity Processes and Events

Mode Integer

Description External event unit numbe® {or internal).
pP.€ev.s

Entity Processes and Events

Mode Integer

Description Pointer to predecessor in event setg ).
S.eVv.S

Entity Processes and Events

Mode Integer

Description Pointer to successor in event satg ).
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m.ev.s
Entity Processes and Events
Mode Integer

Description Event set membership flag:

<>0 ifin set
0 if notin set

Ipc.a
Entity Processes
Mode Integer

Description Process class number (subscriptefas  attributes).

rsa.a
Entity Processes
Mode Integer

Description Pointer to the recursive save area for this process.
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sta.a
Entity Processes
Mode Integer
Description State of the Process:
1 if in work statement
2 ifin suspend statement
3 if interrupt
0 otherwise
f.rs.s
Entity Processes
Mode Integer
Description Pointer togc.e for first resource held or requested by process.
who.a
Entity qc.e
Mode Integer
Description Pointer to process requesting the resource.
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qty.a

Entity qc.e

Mode Integer

Description Number of units of resource requested.

pty.a

Entity qc.e

Mode Integer

Description Priority of the request.

P.rs.S

Entity qc.e

Mode Integer

Description Pointer to predecessqe.e inresource list for a process.
S.IS.S

Entity qc.e

Mode Integer

Description Pointer to successqc.e in resource list for a process.
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prob.a

Entity random.e

Mode Real

Description ~ Cumulative probability value.
ivalue.a

Entity random.e

Mode Integer

Description Integer name for sample use.
rvalue.a

Entity random.e

Mode Real

Description Real name for sample value.

253



Building Simulation Models with SIMSCRIPT 11.5

D.4. System Generated Names

The following variables are generated by the SIMSCRIPT I1.5 system in conjunction with
user-defined entities.

N.pe
Entity Permanent Entity
Mode Integer

Description Number of entities of typge.

N.resource
Entity Resource
Mode Integer

Description Number of “kinds” of resource.

K.entity
Entity Temporary Entity, Event, and Process
Mode Integer

Description Size of entity in computer words.

l.event
Entity Event and Process
Mode Integer

Description Event/Process class number (subscriptfos attributes).
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D.5 Attributes Generated in Conjunction with User-Defined Entities

The following attributes are generated by the SIMSCRIPT I1.5 system in conjunction with
user-defined entities.

F.Q.resource

Entity Resource
Mode Integer

Description Pointer togc.e for first process currently waiting for the resource.

F.X.resource

Entity Resource
Mode Integer

Description Pointer toqc.e for first process currently using the resource.

N.Q.resource

Entity Resource
Mode Integer

Description ~ The number of requests for the resource currently waiting.

N.X.resource

Entity Resource
Mode Integer

Description ~ The number of requests for the resource currently being satisfied.
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P.Q.resource

Entity qc.e

Mode Integer

Description Pointer to predecessge.e  waiting for resource.

P.X.resource

Entity gc.e
Mode Integer

Description Pointer to predecessqct.e using resource.

S.Q.resource

Entity gc.e
Mode Integer

Description Pointer to successqgc.e waiting for resource.

S.X.resource

Entity gc.e
Mode Integer

Description Pointer to successaqc.e using resource.
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U.resource

Entity Resource

Mode Integer

Description Number of units of resource currently available.

F.set

Entity Set Owner

Mode Integer

Description Pointer to first member of set.
L.set

Entity Set Owner

Mode Integer

Description Pointer to last member of set.
M.set

Entity Set Member

Mode Integer

Description Set membership flag:

<>0 if in set

0 if notin set
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N.set

Entity Set Owner

Mode Integer

Description Number of entities in the set.

P.set

Entity Set Member

Mode Integer

Description Pointer to predecessor entity in set.
S.set

Entity Set Member

Mode Integer

Description Pointer to successor in set.
F.variable

Entity Entity havingRANDOM VARIABLEttribute.
Mode Integer

Description Pointer to firstandom.e in “variable” random distribution.
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S.variable
Entity random.e
Mode Integer

Description Pointer to successaindom.e in “variable” random distribution.

D.6 Functions

abs.f

Syntax abs.f(e)
Arguments e - Aninteger  ordouble value.
Mode Mode ofe.

Description Returns the absolute value of the expression.

and.f

Syntax and.f(a, b)

Arguments a- Aninteger value.
b - Aninteger value.

Mode Integer

Description Logical product ofa andb.
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arccos.f

Syntax arccos.f(e)
Arguments e - A double value between -1 and +1.

Mode Real

Description ~ Computes the arc cosine ofeal expression:l1>e=> 1.

arcsin.f

Syntax arcsin.f(e)

Arguments e - Adouble value between -1 and +1.

Mode Real

Description Computes the arc sine ofeal expression:l>e>1.

arctan.f

Syntax arctan.fle 4, e ,)
Arguments e, - Adouble value.
e, - A double value.

Mode Real

Description ~ Computes the arc tangenteofle »; (e 1,e,) # (0.0).
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atot.f

Syntax atot.f(e)

Arguments e - Analpha value.

Mode Text

Description Converts aralpha expression to gext value.

beta.f

Syntax beta.fe ,,e 5, e j3)

Arguments e; - Adouble value greater than zero specifying the power. of x
e, - Adouble value greater than zero specifying the power of (1-x).
e; - Ainteger value specifying the random number stream.

Mode Real

Description Returns a random sample fronbeta distribution.

binomial.f

Syntax binomial.f(e 1€ 2,€ 3)

Arguments e1 - Aninteger  value specifying the number of trials.
e, - A double value specifying the probability of success.
e; - Ainteger  value specifying the random number stream.

Mode Integer

Description Returns a random sample from a binomial distribution.
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concat.f
Syntax concat.f(a, b, ...)
Arguments a, b, .. - Two or moretext  values.
Mode Text
Description ~ Concatenates any numberneft strings to produce a singkxt string.
cos.f
Syntax cos.f(e)
Arguments e - Adouble value specifying an angle in radians.
Mode Real
Description ~ Computes the cosine off@al expression given in radians.
date.f
Syntax date.fe 1,e ,,€ 3)
Arguments e; - Aninteger value specifying the month.
e, - Aninteger value specifying the day within the month.
e; - Aninteger value specifying the year.
Mode Real
Description Converts a calendar date to cumulative simulation time, based on values

given toorigin.r
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day.f

Syntax day.f(e)

Arguments e - A double value specifying a cumulative simulation time.

Mode Integer

Description Converts simulation time to the day portion based on values given to
origin.r

dim.f

Syntax dim.f(v(*))

Arguments v(*) - An array pointer.

Mode Integer

Description Returns the number of elements pointed to by the pointer vaviaipl¢he
dimension of the array.

div.f

Syntax divfle q,e 5)

Arguments e; - Aninteger dividend value.
e, - Aninteger divisor not equal to zero.

Mode Integer

Description ~ Returns the truncated value ef fe ,).
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enfield.f

Syntax enfield.f

Arguments None

Mode Integer

Description Returns the ending column of the next data field to be readdayl a
Free Form statement. May affect file position. Returns zero if there are
no more data fields.

erlang.f

Syntax erlang.f(e 1,€ 2,€ 3)

Arguments e; - A double value greater than zero specifying the mean.
e, - Aninteger value greater than zero specifying the number of stages.
e; - Aninteger value specifying the random number stream.

Mode Real

Description Returns a sample value from an Erlang distribution.

exp.f

Syntax exp.f(e)

Arguments e - Adouble value.

Mode Real

Description Compute®xp.c to thee™ power
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exponential.f

Syntax exponential.f(e 1, € o)
Arguments e; - A double value greater than zero specifying the mean.
e, - Aninteger value specifying the random number stream.

Mode Real

Description Returns a random sample from an exponential distribution.

frac.f

Syntax frac.f(e)
Arguments e-Areal value.
Mode Real

Description Returns the fractional portion ofreal expression.

gamma.f

Syntax gamma.fle ;,e ,,e 3)

Arguments e, - A double value greater than zero specifying the mean.
e, - Adouble value greater than zero specifying the shape.
e3 - Aninteger value specifying the random number stream.

Mode Real

Description Returns a random sample from a gamma distribution.
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hour.f
Syntax hour.f(e)
Arguments e - Adouble value specifying the cumulative event time.
Mode Integer
Description Converts event time to the hour portion.
int.f
Syntax int.f(e)
Arguments e - A double value.
Mode Integer
Description Returns the rounded integer portion aéal expression.
istep.f
Syntax istep.f(v, e)
Arguments v - A variable that points to the look-up table.
e - Aninteger value specifying the random number stream.
Mode Integer
Description Returns a random sample from a look-up table without interpolation.
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itoa.f

Syntax itoa.f(e)

Arguments e - Aninteger value.

Mode Alpha

Description Converts arinteger  expression to an alphanumeric value, (one digit
only).

length.f

Syntax length.f(a)

Arguments a-Atext value.

Mode Integer

Description Returns the length oftaxt variable in characters.

lin.f

Syntax lin.f(v, e)

Arguments v - Variable that points to the look-up table.
e - Aninteger  value random number stream.

Mode Real

Description Returns a random sample from a look-up table, using linear interpolation.
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line.f

Syntax line.f(p)

Arguments p - Process notice pointer.

Mode Integer

Description Returns the source program line number of the last statement executed in
processp.

log.e.f

Syntax log.e.f(e)

Arguments e - Adouble value greater than 0.

Mode Real

Description Computes the natural logarithm ofeal expression.

log.normal.f

Syntax log.normal.f(e 1.€ o€ 3)

Arguments e, - A double value greater than 0 specifying the mean.
e, - A double value greater than 0 specifying the standard deviation.
e; - Aninteger  value greater than 0 specifying the random number
stream.

Mode Real

Description Returns a random sample from a log normal distribution.
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log.10.f
Syntax log.10.f(e)
Arguments e - A double value.
Mode Real
Desdription ~ Computes log of &al expression.
lor.f
Syntax lor.f(a, b)
Arguments a - Aninteger value.
b - Aninteger value.
Mode Integer
Description Logical sum ofa andb.
lower.f
Syntax lower.f(s)
Arguments s - Atext value.
Mode Text
Description Converts letters in a text string to lower case.
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match.f

Syntax match.fle 1,e 5, e 3)

Arguments eq - Atext value of the source.
e, - Atext value. The pattern to be matched.
ez - A non-negativénteger  value. The number of characters of source
to be skipped.

Mode Integer

Description Returns the location oftaxt substring with aext string or0 if not
found. The search begins after skipping the &iifset  characters of the
string.

max.f

Syntax max.fe 1,e ,,..e )

Arguments e, e o,...e , - Any combination of two or moriateger values.

Mode Real if anye; real ; if none,integer

Description Returns the value of the largest

min.f

Syntax minfe q,e ,..e )

Arguments €1, € »,...€ - Anycombination of two or mormteger values.

Mode Real if anye; real ; if none,integer

Description Returns the value of the smallest
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minute.f

Syntax minute.f(e)

Argument e - A double value specifying a cumulative event time.
Mode Integer

Description Converts event time to the minute portion.

mod.f

Syntax mod.fle ;,e »)

Arguments e1 - Aninteger ordouble value.

e, - Aninteger ordouble value not equal to zero.
Mode Real if eithere; real ; if not, integer
Description Computes a remainder as:

e =trunc.f (e /e 5)*e 5

month.f

Syntax month.f(e)
Arguments e - A double value specifying a cumulative simulation time.
Mode Integer

Description Converts simulation time to month portion based on values given to
origin.r.
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nday.f

Syntax nday.f(e)

Arguments e - Adouble value specifying a cumulative event time.

Mode Integer

Description ~ Converts event time to the day portion.

normal.f

Syntax normal.fle .,e 5, e 3)

Arguments e1 - Adouble value specifying the mean.
e, - A double value greater than zero specifying the standard deviation.
e; -An integer value specifying the random number stream.

Mode Real

Description Returns a random sample from a normal distribution.

out.f

Syntax out.f(e)

Arguments e - Aninteger value specifying a column position.

Mode Alpha

Description  Sets or returns the” alphabetic character in the current output buffer;

must yield arinteger -andleft -handed func-

tions.

value;e > 0; bothright
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poisson.f

Syntax poisson.fle 1,e »)

Arguments e, - A double value greater than zero specifying the mean.
e, - Aninteger value specifying the random number stream.

Mode Integer

Description Returns a random sample from a Poisson distribution.

randi.f

Syntax randi.fle  1,e 5, e 3)
Arguments e1 - Aninteger  value specifying the beginning value.

e, - Aninteger  value specifying the ending value.

e; - Aninteger  value specifying the random number stream.
Mode Integer

Description Returns a random sample uniformly distributed between a range of values.

random.f

Syntax random.f(e)
Arguments e - Aninteger  value specifying the random number stream.
Mode Real

Description Returns a pseudo random number between zero and one.
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real.f
Syntax real.f(e)
Arguments e - Areal value.
Mode Real
Description Converts arnteger  expression to@al value.
rstep.f
Syntax rstep.f(v, e)
Arguments v - A variable that points to the look-up table.
e - Aninteger  value specifying the random number stream.
Mode Real
Description Returns a random sample from a look-up table.
sfield.f
Syntax sfield.f
Arguments None
Mode Integer
Description Returns the starting column of the next data field to be readdada

Free Formstatement. May affect file position. Returns zero if there are
no more data fields.
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shl.f
Syntax shl.fle 1,e »5)
Arguments e1 - Aninteger value.
e, - Aninteger value.
Mode Integer
Description Shifte, left e, positions. Vacated positions are filled with zeros.
shr.f
Syntax shr.fe 41,e )
Arguments e; - Aninteger value.
e, - Aninteger  value.
Mode Integer
Description Shift e, righte, positions.
sign.f
Syntax sign.f(e)
Arguments e - Adouble value.
Mode Integer
Description Indicates the sign of @al expression.

1
0
-1

ife >0
ife =0
if e<0
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sin.f
Syntax sin.f(e)
Arguments e - Adouble value specifying an angle in radians.
Mode Real
Description ~ Computes the sine ofraal expression given in radians.
sgrt.f
Syntax sqgrt.f(e)
Arguments e - A non-negativelouble value.
Mode Real
Description Computes the square root afeal expressione >0.
substr.f
Syntax substr.fle  1,e 5, e 3)
Arguments e, - Atext string.
e, - Aninteger  value specifying position.
e3 - Aninteger  value specifying length.
Mode Text
Description Sets or returns in substring ofext value; both &ft- andright-

handed function. In tHeft-
variable.

handed usage; must be an unmonitored
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tan.f

Syntax tan.f(e)

Arguments e - A double value specifying an angle in radians.
Mode Real

Description ~ Computes the tangent ofeal expression given in radians.
trunc.f

Syntax trunc.f(e)

Arguments e - Adouble value.

Mode Integer

Description Returns the truncatenteger value of areal expression.
ttoa.f

Syntax ttoa.f(e)

Arguments e - Atext value.

Mode Alpha

Description Converts first character ¢dxt expression talpha .
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uniform.f
Syntax uniform.fle 4, e 5, e 3)
Arguments e, - Adouble value specifying the beginning value.

e, - Adouble value specifying ending value.
ez - Aninteger  value specifying the random number stream.
Mode Real

Description Returns a uniformly distributed random sample between a range of.values

upper.f

Syntax upper.f(e)
Arguments e - Atext value.
Mode Text

Description Converts letters in @xt string to uppercase.

weekday.f

Syntax weekday.f(e)
Arguments e - Adouble value specifying cumulative event time.
Mode Integer

Description Converts event time to the weekday portion.
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weibull.f
Syntax weibull.f(e 1, € 2, € 3)
Arguments e1 - Adouble value specifying scale parameter.
e, - A double value specifyinghape parameter.
e3 - Aninteger value specifyingandom number stream.
Mode Real
Description Returns a sample value from a Weibull distribution.
xor.f
Syntax xor.f(a, b)
Arguments a- Aninteger value.
b- Aninteger value.
Mode Integer
Description Logical difference ok andb.
year.f
Syntax year.f(e)
Arguments e -A double value specifying cumulative simulation time.
Mode Integer
Description Converts simulation time to the year portion based on values given to

origin.r
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6.1 Routines
exit.r
Syntax exit.r(e)

Arguments e - Aninteger indicating status.

Description ~ Terminate execution, passing status code to command level.

origin.r
Syntax origin.r(e 1,€ 2,€ 3)

Arguments eq - Aninteger value specifying the month.
e, - Aninteger value specifying the day.
e3 - Aninteger  value specifying the year.

Description Establishes an origin time when the calendar format is used.

snap.r

Syntax shap.r
Arguments None

Description User supplied routine called by SIMSCRIPT II.5 when an execution error
is detected.
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time.r
Syntax time.r
Arguments None

Description Compiler-generated custom-made routine that controls simulation timing
and selects events.
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