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(ABSTRACT) 

This paper presents a hierarchical modeling method that 

can be used to simulate a Flexible Manufacturing System (FMS) 

at all levels of detail. The method was developed 

specifically to aid the software development needed for the 

hierarchy of computers that are present in an FMS. The method 

was developed by modeling an existing FMS. The models 

developed of the existing FMS are described in detail to 

provide an example of how to model other FMSs. The basic 

building blocks needed for designing other FMSs with this 

modeling method are provided. 

The models were written in the SIMAN simulation 

language. SIMAN was found to be an easy language to use for 

the hierarchical modeling of FMSs. 
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Chapter 1 

INTRODUCTION 

Over the last twenty five years, the state of the art 

in numerically controlled machine tools has advanced 

considerably. The state of the art has changed from a stand 

alone numerically controlled machine tool with paper tape 

input to an entire factory of digitally controlled tools and 

material handlers all linked by a hierarchy of computers. The 

increased complexity of the systems has generated a need for 

methods to design these systems efficiently. This thesis 

presents a method to ease the design of the hardware and 

software needed to implement one of these integrated 

manufacturing systems. 

L..l Background 

In the 19SO's, numerical control (NC) was introduced to 

manufacture parts with a precision that was higher than could 

easily be obtained manually [ 1], [ 2] . NC was soon used 

because it allowed higher production rates than manual 

machining, and it was less expensive to implement than fixed 

(assembly line) automation when a variety of parts was to be 

manufactured. NC machines processed a part by reading a 

manually loaded paper tape that holds the "part program" for 

that part. The controller used hybrid analog-digital 
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"hardwired" control techniques to drive the machine from the 

data on the tape. To generate the tape, an "English like" 

manuscript that describes in detail the exact path the 

cutting tool is to take is translated into the part program 

needed by the NC [3]. The computer then punches the tape. If 

any change is needed in the part program, a new paper tape 

has to be generated. 

In the 1960' s, Computer Numerical Control (CNC) was 

introduced [4], [S]. In CNC, a dedicated computer is used to 

replace the "hardwired" machine controller. By using a 

"softwired" controller, the cutting control algorithm can be 

much more complex and is much easier to change than with the 

old "hardwired" controller. Another benefit is that the CNC 

usually has enough memory so that often used part programs 

can be loaded into memory so that when ever they are needed, 

they can be used from memory without needing to re-read the 

paper tape. The CNC often allows the user to edit the part 

program so that a specialized part can be made without having 

to make a new paper tape. 

Introduced at about the same time as CNC, Direct 

Numerical Control (DNC) replaces the paper tape reader with 

a communications line to a computer [ 1], [ 4], [ 6] . The part 

program is stored in the computer's memory. As the NC needs 

more data, the computer down loads the data to the NC. The 

computer can be used for many NC tools at the same time, 

reducing the cost of the system. An important function 
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allowed by DNC is that data can be sent from the NC to the 

computer to aid in the management of the machine shop. This 

allows the management of the parts movement and machine usage 

in the shop to become "closed-loop" [7]. 

By the 1970' s, automatic computer controlled material 

handlers were added to manufacturing systems to form a 

Flexible Manufacturing System (FMS) [8], [9]. These systems 

allow the manufacture of a variety of parts by the same 

system without any manual reconfiguration of the system 

between part types. An E'MS consists of CNC machines, CNC 

material handlers and a DNC supervisory computer. The CNCs 

and DNC form a hierarchy of computers. Additional levels of 

computer hierarchy are often provided by an up link to 

management and engineering computers. In an E'MS the raw 

materials are queued at the input of the system and the 

finished parts are removed at the output of the system. All 

of the processing is computer controlled. The actual control 

of the machines and material handlers is provided by the 

software in the system. The software is also responsible for 

the scheduling of what part should move to what machine and 

what part program is to be used on that machine. 

Description Q.f Problem Solyed 

An E'MS is much more complex to design than a system of 

stand alone NC machines. E'or the NC machines, the main 
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design problem is to come up with a good mix of machines for 

the system. This is only the start of the design process for 

an FMS. An appropriate material handler must also be found. 

A control strategy for the movement of the parts in the 

system must be developed. A hierarchy of computers must be 

designed to control all of the elements of the system. Each 

of the computers must have its software designed and coded. 

Finally, the system must be built and tested. 

Simulation is one of the most important tools used in 

designing an FMS. Simulation is usually used to find a 

suitable configuration for the system [ 10] [ 13] . Such 

factors as the number of machines, what type of material 

handlers to use, the amount of storage needed at the stations 

and what control strategy should be used to move parts are 

determined using simulation. 

Once the configuration has been designed, the software 

for the hierarchy of computers must be written. The function 

of the software has already been determined by the 

configuration simulation, but the algorithm to implement the 

function has not been written at this stage. Simulation is 

not commonly used for this part of the design, even though 

the software design can be quite complex. It is a very 

difficult task to coordinate the software from the different 

machines. Debugging is difficult, especially since computers 

from different manufacturers are frequently used for each 

part of the system [ 14], [ 15] . There is a need for software 
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development tools, so most of the software development time 

will not be spent debugging the software, as it now is [16]. 

During this phase other factors must be decided, such as the 

best communication technique and the division of tasks 

between the computers. What is needed is a way to easily 

simulate the hardware and software, so the software can be 

designed using the aid of simulation. By using simulation the 

software can be checked for correct operation and the 

system's ability to tolerate faults can be checked, even 

under the most stressful conditions. Alternate algorithms 

can be easily compared. The software complexity can be 

approximated by evaluating the model. This thesis presents a 

simulation method which can be used for both the 

configuration design and the software design of an FMS. 
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Chapter 2 

OVERVIEW .Q.E RESEARCH 

The research presented in this thesis was conducted to 

find a methodology that can be used to aid in the design of 

software for a hierarchy of control computers. The method was 

developed specifically for Flexible Manufacturing Systems, 

but it can be applied to other types of systems. The method 

involves hierarchical modeling and simulation of the system 

being designed. Techniques for making initial designs are 

not provided, only a method for testing a given design is 

given. 

The method was developed by simulating an existing FMS. 

A macro model was created first. A graphical output program 

was developed to present the results of the macro simulation. 

From the macro model a micro model was developed and 

simulated. 

An existing FMS was used in the research to guarantee 

that the models developed represented a realizable system. 

Verification of the simulation model was much easier than it 

would have been if the physical system did not exist since 

the simulation results could be checked against the actual 

system performance. Modeling an already existing system sped 

up the research because the system did not have to be 

designed as the model was created. An additional benefit of 

simulating a system that exists is that the ease of 
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simulating a system that does not fit into the "mold" created 

by the simulation language can be checked. 

Even though an existing FMS was used, the methodology 

can still be used to design a new FMS. The designer can use 

the models developed in this research as examples. The 

methodology presented here gives the building blocks needed 

to develop models of an FMS system. 

Design procedure 

The first part of the design procedure is to develop the 

requirements of the system. Once they have been determined, 

a configuration of machines and material handlers must be 

determined. This is done with the first level of modeling. 

When the best configuration is determined, more detailed 

models are developed to define what computer hardware is 

needed and to develop the software algorithms. Once the 

entire system is working on the simulator, the hardware can 

be purchased and the software written. The final steps are 

putting everything together, and then testing and debugging 

the physical system. The final step should be much easier 

using this method since the system was shown to work in the 

simulation [ 17] . 

The method uses a hierarchy of models. By using a 

hierarchy, the less detailed models can be used to debug and 

verify the more detailed models. The structure of the 
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detailed models will be almost the same as that of the less 

detailed models. This allows the same output to be gathered 

from each of the models. The user's understanding of the 

model is aided by the hierarchical approach since the model 

is broken into small, understandable pieces that directly 

relate to a part of the physical system. Other advantages to 

the hierarchical approach are that results are obtained in 

the order they are needed and that the development costs are 

lower than with a non-hierarchical approach [18) . 

.2.c..2 SIMAN Simulation Language 

The models were written in the general purpose 

simulation language SIMAN. A simulation language was used 

because the special features of the language simplify the 

simulation procedure considerably. Models written in SIMAN 

are also much easier to understand than models written in a 

general purpose language, such as FORTRAN. 

SIMAN is a relatively new general purpose simulation 

language [ 19]. It is described in detail in the appendix 

"Introduction to SIMAN" on page 94. SIMAN is a FORTRAN based, 

combined discrete-continuous simulation language. The main 

emphasis of SIMAN is discrete process orientation modeling. 

Event orientation and continuous models are used by linking 

FORTRAN subroutines to SIMAN. SIMAN runs on both mainframes 
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and personal computers 

compatible. 

(PCs). The two versions are 

SIMAN was chosen for the advantages it has over other 

simulation languages. SIMAN is a modular language, which 

suits the problem to be solved. The same set of code can 

represent many different machines, which is ideal for the 

modeling of the repeated machines or controllers which are 

common in FMSs. The model is separate from the "experiment". 

The experiment contains all of the parameters of the system. 

This allows many cases to be run without having to modify the 

model at all. SIMAN has more advanced functions than its 

predecessors. The advanced features that are most pertinent 

to this research are the material handling functions. These 

make it very easy to model robots and conveyors. 

SIMAN allows the modeler to write additional model 

functions. These are written in FORTRAN, usually with calls 

to SIMAN routines. This allows complicated functions to be 

"hidden" from the model - only the call to the new function 

is evident. SIMAN also allows continuous models to be added 

to the discrete models. This will enable the designer to 

check motor control algorithms for correct operation using 

the same framework that is used for the rest of the models. 

(No continuous models were written for this research). 

SIMAN has several problems that make it less than ideal 

to work with. SIMAN does not allow comments to be placed on 

a statement that is continued on the next line. This makes 
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it difficult to comment long and complicated statements. This 

problem is especially acute in the experiment frame where the 

statements are very data intensive and are very long. The 

author fixed this problem by writing a pre-processor that 

strips off all of the comments in the source file. A comment 

is anything after a semicolon (the SIMAN statement 

terminator) or a tilde ( a comment symbol specified for use 

with the pre-processor, it shows up as 11 -. 11 on this printer). 

The pre-processor is called SIMPRE and works with both the 

experiment and model files. The program listing is in the 

appendix "SIMAN Preprocessor" on page 284. Passing parameters 

to FORTRAN events from the model frame can sometimes be 

cumbersome. This reduces the advantage of using the events 

for clarity if many parameters need to be passed. 

Overall, SIMAN is the best language the author has seen 

for writing models of FMSs. 

2.3 llM Usage 

I did all of the computer work for this research on the 

IBM PC family of machines. Working on a PC can sometimes be 

an advantage. One of the main advantages is that you don't 

have to worry about how much "computer money" you are 

spending, you can use the PC as much as you are willing to 

sit there. Also, programs are very transportable. IBM PCs 

are much easier to find than a mainframe with the software 
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you need. Portability is convenient when the machine breaks, 

because you can just move to another PC. The PC tends to give 

a "friendlier" feeling and the attitude that you are in 

control since it is right there in front of you, not locked 

away someplace. The disadvantages of using the PC are that 

it is sometimes quite slow and the diskettes have limited 

storage, requiring a box or two to store all of the pertinent 

data and programs. 

Another problem with using the PC has to do with 

FORTRAN. The object code from different versions of Microsoft 

FORTRAN is n.g:t compatible with any other version of Microsoft 

FORTRAN. This and other aspects of using FORTRAN on an IBM 

PC is discussed in the appendix "Notes on Using FORTRAN" on 

page 154. 

The disk setup used on the IBM PC and how to run all of 

the programs developed is described in the appendix "IBM PC 

Usage" on page 157. 

I,hg_ Virginia~ Miniature~ 

The Virginia Tech Miniature Flexible Manufacturing 

System (VTMFMS) was used as the sample system in developing 

the modeling methods. The system was developed at Virginia 

Tech as a joint project by the Industrial Engineering and 

Electrical Engineering departments. The development of the 

VTMFMS is described in references [20] through [27]. 
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The VTMFMS consists of four machining stations, an input 

conveyor, an exit conveyor and a programmable part. mover 

(robot). The four machining stations and two conveyors are 

spaced almost equidistant in a circle around the robot. The 

system layout is shown in Figure 2.1 on page 13. Only two of 

the machines have been implemented. One is a three-axis and 

the other is a four-axis milling machine. They are each 

approximately 12" x 12" x 18" [28). The robot is a three axis 

machine that can move a four inch square pallet. Currently 

the conveyors have no storage, they are just pick-up and 

place points. There is no storage at the machining stations. 

Even though the system is not physically complete, it has 

been modeled as a complete system. 

There are three levels of computers in the system. An 

additional level of computers can be connected to the system, 

but this level is not used to control the real-time operation 

of the FMS, it is only used for developing part programs 

which are then down loaded to the FMS. The real-time 

operation of the FMS is the only concern of this research, 

so only the lower three levels of computers are modeled. The 

highest level computer modeled must reserve some capacity to 

take care of any (non-modeled) communications with the higher 

level computers. 

The computers in the system and their connections to 

other parts of the system are shown in Figure 2. 2 on page 

15. The system-host is responsible for the overall control 
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Figure 2.1 The VTMFMS Layout 
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of the FMS. It is told what part is to be manufactured and 

it is then responsible for manufacturing the part. The 

mini-hosts are responsible for overseeing a machine. They 

receive part programs from the system host and send commands 

to the axis-controllers. The axis-controllers control the 

motors. 

Most of the communication in the system is done over 

asynchronous serial lines. The system-host communicates 

totally in this form, using an ASCII data format and software 

handshaking. 1 The mini-host - axis-controller communication 

is in binary form over asynchronous serial lines with 

hardware handshaking. There are also some dedicated signal 

lines between them (in addition to the hardware handshaking 

lines). The communication between the axis-controller and 

machine is all on dedicated signal lines. The communications 

software is both polling and interrupt driven. 

The system-host is an LSI-11 mini-computer with two 

floppy disk drives. Most of the system's software is for the 

system-host. Managing the system involves many things. The 

1 Software handshaking is done over the same line as the 
data is transmitted. The handshaking signals can be 
considered part of the data character set. Hardware 
handshaking is done with additional lines between the 
transmitter and receiver. The handshaking signals are 
transparent to the software. No data space is taken. 
Dedicated signal lines are used to indicate the state of 
a single condition or command at any instant in time. The 
line is dedicated to one condition and can not be used 
for other communication. 
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system-host must decide the strategy to manufacture the parts 

it is told to manufacture. It decides what machine the part 

is to go to and what parts have priority. It distributes the 

part programs, as needed, to the mini-hosts. It generates the 

commands to move the robot. It also detects errors, provides 

diagnostics and responds appropriately to the situation. The 

operator and higher level computer interfaces are provided 

by the system-host. 

The mini-host is responsible for supervising the 

operation of a machine, including the axis-controllers. The 

mini-host requests and receives part programs from the system 

host. It converts the programs into binary form and sends the 

appropriate data to each of the axis-controllers. It 

coordinates the actions of the axis-controllers. The 

mini-host must check the status of the machines for errors 

and report any errors to the system-host. The mini-host is 

responsible for bringing the machine to its "home" position, 

which is where the robot can pick up or drop off a pallet. 

The mini-host is an Intel 8751 single chip microcomputer. 

The axis-controllers are also Intel 8751s. The 

axis-controller is responsible for the operation of one axis 

of the machine. It receives commands in binary form. It 

outputs the signals necessary to drive the motor driver card. 

It also checks for an end of travel on its axis. The present 

VTMFMS uses only stepper motors running open loop. If the 
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loop were closed, the control algorithm would be placed in 

the axis-controller. 

As the software is set up now, all machines are 

considered to be different and can not be substituted for any 

other machine. A pallet can only move to a machine that is 

in increasing alphabetical order from the machine it is on. 

This is to prevent a deadlock from occurring. If, for 

example, the pallet at machine A needs to go to machine Band 

the pallet at machine B needs to go to machine A, a lock up 

will occur since there is no storage space in the system. The 

machine sequence for any pallet type is fixed. The processing 

time for a pallet type on a particular machine is fixed. 

There may be any number of pallet types. 

.El9.l!l Diagrams 

When I originally modeled the VTMFMS I modeled it in 

flow diagram form. This is similar to a flow chart, except 

that time delays are a major part of the diagram. Things that 

occur in an instant of time are placed in a box. Logical 

branches are indicated by thin lines and include the 

condition needed to transverse the branch. Time delays are 

indicated by thick lines and include the length of the delay 

or what condition ends the delay. Examples of the flow 

diagrams are in the following chapters. 
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fi!gh Level Model 

The first step in the 

creating the high level model. 

modeling of the system was 

This model would be used to 

find a good configuration for the system. The model is fairly 

simple and can be verified rather easily. The machines, 

material handler and conveyors were modeled without modeling 

the computers. The control strategy for choosing which 

machine is the most complicated part of the model. The main 

reasons for developing this model are to verify that the 

machine mix chosen is sufficient, that the material handler 

is adequate and to find the best control strategy for moving 

parts. An additional reason for developing this model is that 

it is a stepping stone to the more detailed models. The 

values that are to be optimized are system through-put and 

machine utilization. The high level model developed is 

described in the chapter "High Level Model" on page 21 and 

the model is printed in the appendix "High Level Model 

Listing" on page 172. 

'b.J. m.9.h Level~ 

A plotting program was written to graphically display 

the system's response to inputs. The program shows the system 

status during a "window" of time. The position of the robot, 

the status of the machines and the number of pallets on the 
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input conveyor is all shown graphically. This allows the 

designer to very easily see how the system is responding 

without having to wade through a trace output. The plot 

routines are described in more detail in the section "High 

Level Plot" on page 41 and they are listed in the appendix 

"High Level Plot Listings" on page 183. 

2...:....8. Detailed Model 

The detailed model was the last part of the modeling 

system developed. The model developed allows the software 

algorithms on the system-host and mini-hosts to be verified. 

The utility of the communication lines in the system can be 

checked. The system-host and mini-hosts were modeled in 

detail. The axis-controller model had little detail. All of 

the main types of communication are modeled. Asynchronous 

serial communication using both ASCII and binary data formats 

are modeled. Interrupt and polling methods are modeled, as 

are software and hardware handshakes. Dedicated signal lines 

are also modeled. 

The detailed model is described in the chapter "The 

Detailed Model" on page 50. The model is printed in the 

appendix "Detailed Model Listing" on page 226, and the 

supporting routines are listed in the appendix "FMS FORTRAN 

Listings" on page 256. 
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In general, the detailed models can have a varying 

degree of detail. The designer creates models only as 

detailed as needed at that time. Different models can have 

different parts of the system "expanded". Each detailed model 

should be descendent from the high level model or from one 

or more detailed models and should have a structure similar 

to the other models. This allows the high level model to aid 

in the verification and debugging of the detailed models. 

The same output routines can be used by all models, though 

new output that deals specifically with the detailed aspects 

may be developed that is not compatible with other models. 

For this research only one detailed model was developed. 

There were several intermediate models developed between the 

high level model and the presented detailed model. These 

intermediate models will not be discussed in detail in this 

thesis. 

The system through-put, the utility of the machines, 

computers and communication lines can all be checked with the 

detailed models, though the main purpose for writing the 

detailed models is to develop acceptable software algorithms, 

which is the main motive for this research. 
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Chapter 3 

.lil..GH LEVEL MODEL 

This chapter describes the high level model. Included 

in the description of the model is how to model other FMSs 

with similar models. The output available, and the use of 

that output is given. This includes the graphical high level 

plot. Some sample runs are provided, indicating the kind of 

conclusions that can be made with the high level model. 

overview 9.f. !hg_ Model 

The high level model consists of four blocks of code. 

The blocks represent a pallet's arrival, the logic to move a 

pallet to its next station, the machining stations and the 

exit conveyor. The flow diagram for the entire system is 

shown in Figure 3.1 on page 22. The blocks will be described 

in the next section. I will use the term "pallet", instead 

of "part", for the mounted work piece, because the concern 

here is for moving the standard size pallet through the 

system, not for the machining of a part. 

There are two elements that are related to the model. 

The experiment and events. The experiment contains the 

definition of most of the data elements and resources used 

in the model. The experiment will be described in the 

section "The Experiment Frame" on page 32. The events are 
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used for a specialized trace of the system and to allow the 

user to change any elements in the parameter set at the 

beginning of each run. The trace is described in the section 

"The Trace" on page 38. 

The time base for the model is one second. 

L..2 Model Description 

Before the model blocks are described, an explanation 

of some of the common elements of the model will be given. 

The stations are numbered in a clockwise order around the 

robot starting with the input conveyor as station one. The 

input and exit conveyors are considered as stations to make 

the movement of the pallets easier. The robot does not have 

a station number. Each of the stations has an indexed 

resource by the name MACHINE( I), where I is the station 

number. When a pallet needs to move to a station it must 

first check to see if the station has another pallet 

committed to it. This is indicated by the availability of 

the MACHINE resource. If the station is committed, a pallet 

is on the way to the station or a pallet is at the station. 

The time the machine is busy machining a part is called 

the machine utility. The utility of each of the machines is 

stored in the global variable X(I). This value is not used 

to control the simulation, it is used only for data 

collection. 
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The three files that make up the model are printed in 

the appendix "High Level Model Listing" on page 172. The 

first is HL.DES which contains a description of the model and 

lists all of the variables used by the model. It is very 

important to keep a constantly updated list of the variables 

used. It is almost impossible to keep track of which 

variables are used and which variables are left for 

modifications and additions. Since this model will have many 

additions made to it when the detailed model is constructed, 

it is essential that the modeler knows what variables are 

used. The second file in the appendix is the model frame 

file, HL.MOD. This file contains the model statements. The 

last file is the experiment file, HL.EXP, which contains the 

experiment statements. 

The trace and initialization routines used for the high 

level model are a subset of the routines listed in the 

appendix "FMS FORTRAN Listings" on page 256. The event 

routines are set up to be used by both the high level and 

detailed models. The initialization routines are listed in 

the file PRIME.FOR in that appendix. The trace events for the 

high level model are the first five events in the file 

TRACE.FOR. 

Each of the blocks that make up the high level model 

will now be described. 
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3.2.l Pallet Arrival Block 

The pallet arrival block models the arrival of a pallet 

at the input conveyor. The block determines the pallet's 

type. The pallet waits on the conveyor until all of the 

pallets in front of it have been moved off the conveyor. The 

pallet then can attempt to move to its first station. This 

last step is handled by the move-to-next-station block. The 

flow diagram for the block is shown in Figure 3 .2 on page 

26. 

The arrival is modeled by a CREATE block using an 

exponential distribution to represent the time between 

arrivals. An exponential distribution is used because it is 

assumed that each arrival is independent of every other 

arrival. Currently the batch size is set at one. 

The pallet is next initialized. It is given a unique 

pallet number and its pallet type is randomly determined from 

a table of pallet types and the probability of a pallet being 

of that type. 

The pallet then waits to move to the first position on 

the input conveyor. When the pallet moves to the first 

position on the input conveyor it gains control of the 

MACHINE(l) resource. The pallets wait to control the 

MACHINE(l) resource in a first-in-first-out queue that 

represents the conveyor. 
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Once the pallet gains control of the MACHINE(l) resource 

it moves to the move-to-the-next-station block. 

3.2.2 Move to the Next station Block 

The move to the next station block is the most 

complicated block in the model. Its flow diagram is shown 

in Figure 3.3 on page 28. First, the pallet's next station 

and processing time are found, then the pallet tries to gain 

control of the robot, and, once it does, it moves to its next 

station. 

How the pallet gains control of the robot is determined 

by the pallet movement control program in the system-host. 

The only time a conflict between pallets for the control of 

the robot can occur is after the robot has finished moving a 

pallet. At any other time the robot will either be busy, in 

which case the pallet will have to wait for the robot to 

finish; or the robot will be idle, which indicates that it 

has nothing to do and it can move the pallet right away 

without checking to see if another pallet wants the robot. 

So the only time that the pallets waiting for the robot must 

be ranked according to priority is when the robot finishes 

with a pallet. 

To implement the priority scheme in the model, all of 

the pallets waiting for the robot are placed in a queue. The 

pallets are ordered in the queue by the priority they have 
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in gaining control of the robot. In the system modeled, the 

pallet that has been in the system the longest has priority. 

So, the queue of waiting pallets is ordered by the time the 

pallet arrived in the system, which is stored in one of the 

pallet's attributes. For other ranking methods, a priority 

number would be assigned to one of the pallet's attributes 

and the queue would be ordered by that attribute. For a very 

complicated ordering method, an event may be used to directly 

place the pallet in the queue in the right position. 

Whenever the robot is done with a pallet a signal code 

is sent that releases all of the waiting pallets. The 

pallets are checked in the order they were in the queue to 

see if both their next machine and the robot is available. 

If one or both are not, the pallet goes back to the waiting 

queue. Once one pallet is found that can move on, it requests 

the robot, setting the robot busy, so the rest of the pallets 

will go back to the waiting queue. If no pallet is found, 

the robot remains idle until a new pallet arrives or a pallet 

finishes processing at a machine. 

Once the pallet can move on, it requests both the next 

station's MACHINE resource and the robot. It is guaranteed 

to control both resources, since they both needed to be 

available in order for the pallet to get to this point. The 

pallet will then wait for the robot to arrive at the pallet's 

current station. SIMAN automatically takes care of 

calculating the time it will take the robot to move from 
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where it is to the pallet's station. Once the robot is at 

the pallet's current station the pallet is picked up by the 

robot. This is modeled as a time delay. The pallet then 

moves to its next station. SIMAN calculates the time it will 

take the robot to move to the pallet's next station. 

3.2.3 The Machine station Block 

The machine station block is used to model the machines. 

All of the machines are modeled by one SIMAN "macro". The 

machine the pallet is at is determined by the pallet's 

station number attribute, called M. All of the machine 

dependent functions in the block are indexed by M so that the 

functions of the various machines are not mixed. 

The flow of the block is shown in Figure 3. 4 on page 

31. The pallet is placed on the machine by the robot. This 

is modeled as a time delay. The robot is then released and 

the machine is set to "busy". The processing is modeled by 

a time delay. 

The time to bring the machine back to its "home" 

position is then calculated. The "home" position is the 

position the machine must be in when the robot places or 

picks up a pallet. The time to bring the machine to its home 

position is modeled separately from the machining time 

because this time is not specified by the part program. A 

uniform distribution is used to model this time. In 
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practice, this time will be almost the same for each pallet 

of a particular type, so the time can be included in the 

processing time for that pallet type on that machine. In 

this case the range of the delay should be set to zero or to 

a small value to represent minor variations between pallets. 

After the machine is at its home position, the machine 

is set to idle and the pallet moves to the 

move-to-the-next-station block. 

3.2.4 The Exit Conveyor Block 

The exit conveyor block models the exit conveyor in the 

system. The flow of the block is shown in Figure 3.5 on page 

33. 

The pallet is placed on the exit conveyor in the same 

manner as it would be on a machine. After it is placed the 

conveyor is made available so other pallets may leave the 

system. Before the pallet leaves the system, data is 

collected about its stay in the system. Currently the only 

data collected is the in-system-time. The pallet then leaves 

the system. 

DJ.g Experiment Frame 

The experiment frame contains all of the values in the 

model that may change from run to run. This setup allows the 

High Level Model 32 



:i:: .... 
'§. 
t" 
(D 
< 
(D .... 
3 
0 
Q. 
(D .... 

w w 

r----, 
I Move to 
1 the next 

station I 
L, ____ .J 

Pl ace the ... 
pal let 

Free the ... The output ... Gather Leave I , conveyor is , I robot avai I ab le statistics system 

Figure 3.5 The Exit Conveyor 



definition of parameters to be separate from the model, 

making it much easier to change the definitions. 

The experiment has elements to define the maximum 

storage allowed for the model, and the number and length of 

the runs. The MACHINE resource and ROBOT are defined. The 

velocity of the robot is specified. The DISTANCES element 

defines the distance between the stations. 

The PARAMETERS element is used to define the parameter 

sets. The use of the parameter sets is defined by the 

modeler. There are parameter sets that specify the time 

between pallet arrivals, the probability that a pallet is of 

a certain type, the times it takes to pick up and place a 

pallet and the range of times it takes each machine to move 

to its home position. 

The machine sequence for each of the pallet types is 

defined in the parameter set. Each pallet type uses a 

parameter set. The first five parameters are reserved for 

the machine sequence. The end of the sequence is indicated 

by the pallet moving to station six, the exit conveyor. 

Since a pallet may not go to the same machine twice, the 

maximum number of machines it can move to is five, which is 

the amount of storage reserved for the sequence. The next 

five parameters are used for the fixed processing times at 

each machine in the sequence. 

The ordering in the queues is defined in the experiment. 

The queue in which pallets wait for the robot is ordered 
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based on the lowest value first of the attribute that 

contains the time the pallet arrived at the system. 

The random number streams can be initialized in the 

experiment. A different stream should be used for each 

random variable so different versions of the model when run 

with the same seeds will have the same random number 

sequence, allowing easy comparison between the two versions. 

This is especially useful for verifying the detailed model 

with the high level model. 

The standard output, trace output and disk output are 

all specified in the experiment. 

described in the following sections. 

Standard SIMAN output 

The output available is 

The standard output from SIMAN is in the form of a 

summary report. What is included on this report is specified 

in the experiment frame. A sample summary report is shown 

in Figure 3. 6 on page 36. The report is broken into four 

parts. The first part is an identifier which identifies 

which run of what model the report is for. The next three 

parts are used to display data gathered during the run. 

The Tally section is used to display data that is 

considered to be independent observations. The statistics 

are based on the number of observations, not on the time the 

observations were made. In the high level model this is used 
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SIMAN Summary Report 

Projac:t: 

Run Numbar 

FMS HL MV2.18 EV2.20 

1 of 1 

Analyst: Tim l"l•rtin 
Oat• 5/7/1985 

Run andad at tim•: 

Numbar Identifiar 

.7200E+04 

Average 

Tally Variablas 

StandArd Minimum 
Deviation Value 

Maximum 
Valu• 

Number 
of Obs. 

-------------------------------------------------------------------
1 IN SYSTEM TIME 

Number Identifier 

1542.45 900.29 

Discrete Change Variables 

Averag• Standard l"linimum 
Deviation Value 

l"laximum 
Value 

Time 
Pariod 

17 

----------------------------------------------------------------------------
1 Station A Util. .22 • 41 .00 
2 Station A Commit .48 .so .oo 
3 Station 8 Uti 1. .lS .36 .oo 
4 Station 8 Co111mit .53 .::so .oo 
s Station C Util. .36 .48 .oo 
6 St•tion C Colllfflit .S9 .49 .oo 
7 Station D Util. .00 .oo .oo 
a Station D Commit .oo .oo .oo 
9 Robot Utilizatn .66 .48 .oo 

10 • on Conveyor S.6S S.14 .oo 
11 #Wait4 Rbt 3r Stn .90 .85 .oo 
12 Robot Position 3.77 1.68 1.00 

Count•r• --------
Numbar Identifiar Count Limit 

1 PALLET NUMBER 

Figure 3.6 SIMAN Standard Summary Report 
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7200.00 
7200.00 
7200.00 
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to collect the time a pallet spent in the system. Each time 

a pallet leaves the system its in-system-time is recorded. 

This value is useful for determining the system through-put. 

Generally, the lower the average time in the system the 

higher the through-put will be. The final measure of 

through-put is the number of pallets that were completely 

processed in a simulation. However, it is easier to compare 

the average in-system-time than the through-put because the 

through-put depends more on the input sequence than the 

average time does. 

The Discrete Change section displays values that change 

discretely. The statistics are based on time. These values 

are used to determine the utility of the various elements in 

the system. This is helpful in finding if the machines are 

being used enough and to pinpoint any bottlenecks in the 

system. 

Several of the variables listed need explanation. The 

":tt: on Conveyor" variable indicates the number of pallets on 

the input conveyor. The "#Wai t4 Rbt &: Stn" variable is the 

number of pallets waiting for the robot or their next 

station. This is the length of the waiting queue, mentioned 

in the section "Move to the Next Station Block" on page 27. 

The last variable, "Robot Position", does not represent 

accurately the robot's average position. The variable is 

used only for plotting, and to plot it, it must be written 
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to disk during the run. To write it to disk, it must be 

included on the summary report. 

All of the variables in the Discrete Change section, 

except 11 #Wait4 Rbt &: Stn", can be written to disk during the 

run so that they can be plotted after the simulation is done. 

The plotting is described in the section "High Level Plot" 

on page 41. 

The last section on the summary report is the Counters 

section. The counter is used to number each pallet as it 

enters the system. This is used for identification of the 

pallet and is especially useful when following the trace 

output, which is described in the next section. The value 

on the summary report is the number of pallets that entered 

the system during the run. The difference between this and 

the number of observations for the in-system-time is the 

number of pallets left in the system at the end of the run. 

This tells if the system was over-loaded during the run. 

3.5 Irul Trace 

The trace output is generated by events that are invoked 

from the model frame. An event is a FORTRAN subroutine that 

is used to help model the system. The calls to the trace 

event are put at important transition points in the model. 

The model has five trace events. Each one is called 

from only one point in the model. The trace events are used 
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when a pallet arrives at the system, when a pallet is ready 

to move to the next station, when a pallet is picked up by 

the robot, when the pallet arrives at a machine and when a 

pallet leaves the system. The trace prints the time and the 

number of the pallet causing the trace. The situation 

occurring is printed, including the status of the system. 

The part of the system status that is printed is dependent 

upon the trace event. The status of the system can be the 

number of pallets on the input conveyor, which machines are 

unavailable and which pallets are waiting for the robot or 

their next machine. 

on page 40. 

A sample trace is shown in Figure 3. 7 

The trace can be turned on and off at specified times. 

One of the parameter sets is used to specify the initial 

trace condition and a list of the times the trace is to be 

turned on or off. 

number of times. 

The trace may be turned on or off any 

The trace is very useful for debugging the system. It 

tells how each pallet is moving through the system, so it is 

easy to tell when the pallet does not move as expected. This 

also isolates the error to one of the blocks of code in the 

model, so it is fairly easy to pinpoint most problems using 

the trace. SIMAN provides a standard trace that can be used 

to check every operation that is done in the model to further 

pinpoint the error. 
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Time: 7J6.6 Pallet 1 was done at Machine 4, ready to move to Machine 6 
Unavailable machine•• 4 

Time& 736.6 Pallet 1 was picked up by the robot, is on route to Machine 6 

Time: 815.2 Pallet 1 left the system. It was in the system 815.2 sec. 
Pallets waiting for the robot or a machine: 

None 
All machines are available 

Time: 1457.S Pallet 2 arrived. Pallet types 4, Machine Sequence: 4-6 
There are 1 pallet<s> on the input conveyor 

Time: 1457.8 Pallet 2 was done at Machine 1, ready to move to Machine 4 
All machines are available 

Time: 1474.2 Pallet 2 was picked up by the robot, is on route to Machine 4 

Time& 1569.3 Pallet 2 arrived at Machine 4, Processing Time will be 240.0 sec 
Pallets waiting for th• robot or a machine: 

None 
Unavailable machines: 4 

Time: 1737.5 Pallet 3 arrived. Pallet type: 3, Machine Sequences 3-6 
There are 1 pallet<s> on the input conveyor 

Time: 1737.S Pallet 3 was done at Machine 1, ready to move to Machine 3 
Unavailable machines: 4 

Time: 1786.8 Pallet 3 was picked up by the robot, is on route to Machine 3 

Time: 1809.3 Pallet 2 was done at Machine 4, ready to move to Machine 6 
Unavailable machines: 3 4 

Time: 1865.5 Pallet 3 arrived at Machine 3, Processing Time will be 120.0 sec 
Pallets waiting for the robot or a machine: 

Pallet 2 waiting for machine 6 
Unavailable machines: 3 4 

Time: 1881.9 Pallet 2 was picked up by the robot, is on route to Machine 6 

Time: 1960.6 Pallet 2 left the system. It was in the system 502.8 sec. 
Pallets waiting for the robot or a machine: 

None 
Unavailable machines: 3 

Time: 1985.5 Pallet 3 was done at Machine 3, ready to move to Machine 6 
Unavailable machiness 3 

Time: 1998.S Pallet 4 arrived. Pallet type: 4, Machine Sequence: 4-6 
There are 1 pallet<•> on the input conveyor 

Time: 1998.S Pallet 4 was done at Machine l, ready to move to Machine 4 
Unavailable machines: 3 6 

Time: 2000.1 Pallet 5 arrived. Pallet type: 3, Machine Sequence: 3-6 
There are 2 pallet(s) on the input conveyor 

Time: ~034.8 Pallet 3 was picked up by the robot, is on route to Machine 6 

Figure 3.7 Sample Trace output 
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The trace is also very useful for verifying that the 

model is correct, because it outputs the operation of the 

model in terms of the real system, not the SIMAN system. The 

trace's detai 1 is such that the simulation flow can be 

followed without being overloaded with details, allowing 

someone that is not familiar with the model to be able to 

evaluate the output to see if it correctly represents the way 

the real system should work. 

The trace can also be used to evaluate the response of 

the system. Where the system is performing less than 

optimally can be found and diagnosed with the trace. In many 

cases the trace will be too detailed to help with this. In 

this case, the plot program presented in the next section 

should be used. The trace can be used to provide the details 

at critical points found by looking at the plot output. 

3.6 H!9h Level f.l.Q1 

The plot routine is run after the SIMAN simulation has 

finished. The data saved on disk during the run must be 

converted to ASCII format by the SIMAN output processor 

before it can be used by the plot program. 

The plot program allows the status of the system to be 

di splayed versus time. The time window may be changed 

interactively to any set of times. A plot may be presented 

in either color or monochrome on a CRT and may be printed with 
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a graphics printer or pen plotter. A sample plot is shown 

in Figure 3.8 on page 43. The lines on the plot at the level 

of the input conveyor represent the number of pallets waiting 

on the input conveyor. For each pallet waiting on the 

conveyor, there is one line. The lines at the level of the 

machine represent the machine utility. The solid lines 

represent when the machine is busy with a part and the dotted 

lines represent when the machine has a pallet committed to 

it. When there is no line, the machine is available. The 

line that moves from machine to machine represents the 

robot's position. When the line is solid the robot is moving 

with a pallet. When the line is dashed the robot is moving 

to pick up a pallet, and when it is dots the robot is idle. 

The plot is used for the same reasons the trace is. It 

can help debug the model, help verify the model and help 

indicate possible improvements to the system. The trace and 

plot should be used together. The plot provides a quickly 

comprehended representation of the system from which general 

trends can be found. The trace provides the details about 

what and why the system is doing what it is doing. Together, 

they provide an easy way to comprehend how the system is 

performing and how it can be improved. 

The plot routines are listed in the appendix "High Level 

Plot Listings" on page 183. 
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verification Qf !h§. J:1!s.b. Level Model 

The model was verified in two ways. The first way was 

to examine the trace and plot to determine if the model was 

performing as expected. This is basically part of the debug 

step. The second verification is much harder to perform 

normally. This is to check to see if the correctly working 

model accurately represents the real system. At this point 

in the design there usually is not a real system to compare 

the model to, so experts that were not involved in the model 

development are usually called in to evaluate the output of 

the model to see if it represents the way the real system will 

work. For the model developed for this research, the real 

system already existed, so the model output was checked 

against the performance of the real system. The two agreed 

to the accuracy of the high level model. The model performed 

slightly faster because the disk access and software times 

are not modeled in the high level model. 

Modifying thJl Model 

It is quite easy to modify the model to try out new 

configurations. Almost all of the modifications will only 

have to alter one of the blocks of code in the model. An 

example is that if a pallet had a choice of machines to move 

to next, only the move-to-next-station block would need to 
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be modified. Another example is that if room for the storage 

of one pallet is added at each machine station, only the 

machine station block would have to be modified. This change 

is shown in Figure 3.9 on page 46. Each added line is 

indicated by an asterisk at the beginning. This would be a 

very major hardware change to the real system, but it is a 

minor change to the model. 

L,2 Sample Runs 

A sample run has been shown in the examples of the 

standard summary report, trace output and plot output. (See 

Figure 3.6 on page 36, Figure 3.7 on page 40 and Figure 3.8 

on page 43). This output shows that the machines are under 

utilized, with more time spent waiting to have a pallet 

removed from a machine than is spent in processing. This 

indicates that some storage should be included at the 

machines so the pallet can wait at the machine, without 

stopping the machine from processing another part. This is 

the modification mentioned in "Modifying the Model" on page 

44. The summary report from the modified model run with the 

same input as the non-modified model run is shown in 

Figure 3.10 on page 47. This shows that the storage improves 

the performance of the system considerably, with about 20% 

improvement in the though-put and machine utilization. 
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Other changes that might improve the system performance 

can be deduced from the output. From the plot, it is obvious 

that the robot should not sit at the output conveyor after 

dropping off the last pallet in the system. It should move 

to the input conveyor to be ready to pick up the next arriving 

pallet. This can be generalized to anytime the robot is 

idle, it may want to move to a position that is more likely 

to be closer to the next station it wi 11 have to move to. 

Further analysis is needed to reach any conclusions about 

this. 

Also from the plot, it can be seen that sometimes the 

system has an all machines busy, no machines busy cycle. 

This may be due to the ordering of which pallet is to move 

first. The pallets that have been in the system longer and 

are moving to the exit conveyor have priority over pallets 

that are moving to an idle machine. By giving higher 

priority to a pallet moving to an idle machine the system 

performance may improve. Again, a series of simulations is 

necessary to determine if an alternate ordering scheme would 

improve system performance. 

Many more similar types of conclusions can be drawn from 

the high level model. 

Even though a modified system would perform much better 

than the original system, the detailed model will be of the 

original system, so that it will model the physical system. 

Normally the best configuration would be found for the system 
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and then only the best configuration would be modified into 

the detailed model. For this research, the "best" 

configuration is considered to be the configuration that 

exists. 
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Chapter 4 

IJ::ii DETAILED MODEL 

This chapter describes the detailed model. The 

relationship between the detailed model and the high level 

model is explained. Special attention is given to the 

modeling of polling and interrupt driven processes. 

Overview 2.f Model 

The model is contained in six files. The FMS.DES file 

contains a description of the model and lists all of the 

variables used and how they are used. The FMS.MOD file 

contains the SIMAN model frame representing most of the 

model. The FMS.EXP file contains the SIMAN experiment frame, 

which defines most of the variables used in the model. The 

last three files were written in FORTRAN. After they are 

compiled, they are linked to the SIMAN run processor routines 

to form a new run processor. This new run processor can be 

used by both the high level and detailed models. The 

EVENT. FOR file contains the non-trace events used by th~ 

model. The PRIME.FOR file contains the initialization 

routines and wrap-up routine called before and after each 

run. The last file, the TRACE. FOR file contains the trace 

events. The FMS.DES, FMS.MOD and FMS.EXP files are printed 

in the appendix "Detailed Model Listing" on page 226, and the 
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EVENT.FOR, PRIME.FOR, and TRACE.FOR files are listed in the 

appendix "FMS FORTRAN Listings" on page 256. 

The model has nine blocks, which are shown in Figure 4.1 

on page 52. The connections between the blocks indicate how 

the blocks can interact with each other and do not represent 

program flow. This figure shows how complex the interactions 

are between the elements in the system. The simulation is 

necessary to check that all of the parts of the system 

communicate correctly with each other. 

All of the main routines in each of the processors is 

modeled as a separate block. The system-host polling routine 

block represents the system-host polling routine. The 

system-host interrupt routine block represents the interrupt 

routines used in communication with the mini-hosts. The 

mini-host polling routine block and the axis-controller block 

represent the software on those processors. 

In addition to the blocks that totally represent 

software, some software is represented by the blocks that 

control the physical functions of the system. The software 

represented by these blocks is run on the system-host. The 

blocks in this category are the pallet arrival, pallet 

processing, machine processing and exit conveyor blocks. 

The last block, the task list block, is• used to 

represent the task list on the system-host. All of the 

blocks will be described in the section "Description of the 

Model Blocks" on page 58. 

The Detailed Model 51 



Pal 1 et 
Arri va 1 

•• 
Task . System-Host .. . . List . Po 1 1 i ng ·~ •• 

Exit Pa 11 et i 
. 

Conveyor . Processing . . 

•• 
Machine 

Processing 
•• 

Mini-Host .. Ststem-Host . 
Po 1 1 i ng . nterrupt . . 

.. 
Axis 

Contra 11 er 

Figure 4.1 Detailed Model Blocks and Their Connections 

The Detailed Model 52 



Unlike the high level model, which is always 

"controlled" by the pallet entity, the detailed model has 

different types of entities "controlling" different parts of 

the model. The entity that moves through the model during 

the simulation "controls" the simulation. Each of the 

software blocks is controlled by a separate entity that 

represents the program flow in that routine. All of the rest 

of the blocks are controlled by pallet entities. 

Each computer has a resource that represents the use of 

the Central Processing Unit (CPU) of the computer. Any time 

a routine needs to use the CPU it must first gain control of 

the CPU resource. This guarantees that the CPU will not be 

used by more than one routine at a time. 

The basic numbering scheme for the computers is 

different than the station numbering used in the high level 

model. For purposes of movement, the numbering of the 

stations is the same, with the machine stations numbered two 

through five and the input and exit conveyors numbered one 

and six, re spec ti vely. Since the conveyors do not have 

computers and the robot does, number one is used to represent 

the robot computers and number six is not used. The 

numbering of the machine station computers is the same as the 

machine station numbering for movement. There are many cases 

where groups of indexed variables are used for the computers. 

For these the numbering consists of the base numbering plus 
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some multiple of five. This makes it easier to decipher 

which variable goes with which computer. 

Representing Computer storage 

I have not modeled the overall storage on any computer. 

I assume that the overall storage will be laid out when the 

program is coded and that there will be no problems fitting 

the programs and data in memory. A scheme that keeps track 

of how the total memory space is used could probably be 

developed using the techniques used here to keep track of 

specific parts of memory. However, for a control computer, 

most of the memory will remain static and only specific parts 

of the memory need to be checked for overflow. That is how 

the memory structure of the computers has been modeled. 

Standard files (queues) in SIMAN are used to model the 

memory. The amount of memory taken by the data will be 

proportional to the length of the file. Each time something 

is stored in the file the file length can be checked to see 

if there is room for the data in memory, and if not, the 

processing can be altered to take care of the situation. 

4.3 The Modeling Q.f polling strut Interrupt Routines 

Both polling and interrupt routines were modeled. The 

actual implementation of the two methods was very similar. 
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To model an interrupt routine, the interrupt routine 

entity waits in a queue unti 1 an interrupt occurs. The 

interrupt is modeled using a signal code, which releases the 

waiting entity from the queue. The entity then requests the 

CPU at the interrupt's priority. This may take the CPU away 

from another entity. Once the CPU is obtained, the interrupt 

routine is executed. At the end of the interrupt, there must 

be a check to see if another interrupt occurred, and if one 

did, it must be processed. If not, the entity is placed back 

in its queue waiting for another interrupt. 

To enable and disable interrupts, another queue is used 

to hold the entity when the interrupts are disabled. When 

they become enabled a signal code is sent that releases the 

entity to check to see if an interrupt occurred. If one 

hasn't it moves to the wait for interrupt queue. To disable 

interrupts, the interrupt routine entity is removed from the 

wait for interrupt queue and is sent to the disabled queue. 

Modeling polling uses the same structure as modeling 

interrupts. The reason polling is not modeled as a constant 

checking of the status of the polled variable is that it 

would take way too long to simulate this. There are sti 11 

two ways left to model polling. The first is to use an 

activity scanning approach and check the status of the polled 

variable anytime any variable in the system changes. Since 

the status is checked very often with this method, it leads 

to long run times. However, this is a very good way to model 
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polling, so it should be considered when developing a polling 

model. 

The last way to model polling is the way that was used 

in this research. The polling routine is modeled like an 

interrupt routine, except that the CPU is requested at the 

lowest priority when the polled status changes. The 

condition that changes the polled status must send a signal 

code to tell the polling entity that the status has changed. 

A variable delay time may be added after the signal code is 

sent to represent the time it will take the polling routine 

to recognize the change in status. Most polling routines are 

so short that this will not be necessary. 

There are some cases where a polling routine is used to 

delay for an almost fixed time, such as the transmission of 

a character. In these cases a simple time delay is used to 

model the polling routine. 

The main problem with the interrupt and polling modeling 

methods described is that the condition must be checked 

before the entity is placed in the queue to wait for the 

signal code. If it is not checked, and the condition is true, 

the condition will not be processed until the next time the 

conditions is set true. The additional check does not 

correspond to anything that is in the software. A method to 

eliminate the need for or to hide this extra check is needed. 
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Description of the Events Used 

Several events were written to aid in the design of the 

model. Events were used either to simplify the model or to 

perform a task that is impossible to do from the model frame. 

Three of the events are closely related. The 

send-message and message- arrive events are used to model a 

Universal Asynchronous Receiver/Transmitter (UART), which 

is used to send messages over an asynchronous serial line. 

The receive-message event is used to read the message sent. 

The send-message event is passed the transmission time for 

the message, where the message is to be sent, over what line 

the message is to be sent and the message to be sent. It 

schedules the message- arrive event to occur after the 

transmission time. 

message and sends 

The 

the 

message-arrive event stores 

requested signal code. 

the 

The 

receive-message event is used by the receiving processor to 

read the message (bring it out of storage). This set of three 

events makes it easy to model the communication lines. 

The update-the-task-list event is used to do just that. 

The event is entered by a pallet that needs its entry on the 

task list updated so that it agrees with the pallet's status. 

If the pallet is not on the task list, it is added to it. 

If the pallet is on the task list, the entry is updated to 

agree with the pallet's attributes. This event is very 
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difficult to model in the model frame, but straight forward 

in the event frame. 

The last event that is used to help model is the 

communication error event. It is used to print an error 

message if a "bad" character is received by the system-host. 

This event is impossible to model in the model frame because 

messages cannot be printed from the model frame. 

The rest of the events are used for the trace or for 

initialization. These events are described elsewhere. 

Description 2f. Model Blocks 

In this section each of the model blocks will be 

described. How the blocks relate to the high level model and 

how they can be generalized will be explained. 

4.5.1 The Pallet Arrival Block 

The pallet arrival block is the same as in the high 

level model, except that the pallet does not move to the 

move-to-next-section block. Instead, a message is sent to 

the system-host telling it that a pallet arrived and telling 

it what type of pallet it is. The flow diagram for the block 

is shown in Figure 4.2 on page 59. 
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4.5.2 The Task List Block 

The task list block is simply a queue, there is no flow. 

The task list is an array that has one entry for each pallet 

in the system. For this purpose, the input conveyor is not 

considered part of the system. The first pallet on the input 

conveyor can be on the task list if at least one machine in 

the system is uncommitted. The task list is used to keep 

track of the status of the pallets in the system. The 

priority the pallet has is determined by where it is on the 

task list. The task list is always ordered by when the pallet 

arrived to the system. The ordering is taken care of 

automatically by SIMAN. The wait for the robot queue of the 

high level model roughly represents the task list. The main 

difference is that the task list contains all of the pallets 

in the system and the wait for the robot queue only has the 

pallets that are waiting for the robot or a machine. 

4.5.3 The System-Host Polling Routine Block 

The system-host polling routine is responsible for 

controlling what pallet goes to what machine. This 

represents part of the move-to-next-station block in the high 

level model. The polling routine is broken into two main 

parts, a part controlled by the system-host polling entity, 

and a part controlled by the pallets. The part controlled 
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by the polling entity is described in this section. The part 

controlled by the pallets is described in the next section, 

"The Pallet Processing Block" on page 64. The flow for the 

part of the polling routine controlled by the polling entity 

is shown in Figure 4.3 on page 62. 

The first thing the routine polls for is to see if a 

pallet has arrived to the system. If one has, it is placed 

in the input queue. Placing the pallet in the input queue 

is taken care of in the pallet arrival block. If there are 

any pallets in the input queue, the polling routine checks 

to see if there is room on the task list, and if so, it moves 

the pallet from the input queue to the task list. The REMOVE 

command and a software delay are used to model this. 

When no more pallets can be added to the task list, the 

task list is checked to see if there are any idle pallets that 

can move to their next station. A SEARCH command is used 

to check for an idle pallet which is indicated by one of the 

pallet's attributes. If an idle pallet is found, it is sent 

to the pallet processing block for processing. The polling 

entity waits in a queue until the processing is done. 

The pallet processing block is responsible for removing 

the polling entity and sending it to the right place in the 

model when the processing block is done. If the pallet could 

not move to its next station, the polling entity is sent to 

check the task list for another idle pallet. If none is 
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found, the entity waits for another pallet to arrive or for 

a process to finish to start the polling again. 

If the idle pallet could move on, then the polling 

entity waits for the pallet processing block until the pallet 

arrives at its next machine. The polling entity is then sent 

to the top of the polling routine. 

The system host resource is needed whenever any of the 

polled conditions is checked. The resource is acquired at 

lowest priority at the beginning of the polling routine. 

When the control passes to the pallet processing block, the 

resource is released so the pallet processing block can use 

it. The resource is also released before the polling entity 

goes into the queue to wait for a message to be sent it. As 

a result, most of the polling time is not counted as part of 

the computer utility. 

The technique of placing an entity in a queue to wait 

for a part of a routine that is controlled by another entity 

is very useful for coordinating a complicated routine that 

is easier to model using several blocks controlled by 

different entities. When the control passes from one block 

to the next, the entity for the next block is removed from 

its queue and sent to the appropriate place in its block. 

The entity from the last block is then put in a queue until 

its block is needed again. 
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4.5.4 The Pallet Processing Block 

The pallet processing 

system-host polling routine. 

its next station, if possible. 

in Figure 4.4 on page 65. 

block represents part of the 

It is used to move a pallet to 

The flow of the block is shown 

The first step in the pallet processing is updating the 

task list, if necessary, so the pallet's next station and 

processing time will be correct. To indicate that a pallet 

has already been updated, it's idle attribute is set to 0.5 

from O. When the pallet is busy on a machine, the idle 

attribute is set to 1. This update may be better done in the 

machine station block after the machine processing is done. 

It is in the pallet processing block because that is where 

it was in the high level model. In a further version of the 

detailed model, it may be moved. 

The next step is to see if the pallet's next station is 

available. If it is not, the pallet is placed back in the 

task list and control returns to the system-host polling 

routine block. If the pallet can move on, then the robot and 

machine are requested and the pallet is moved to its next 

station. This is modeled almost identically to the last part 

of the move-to-next-station block in the high level model. 

The only difference is that the time it takes to calculate a 

robot move has been added. 
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4.5.5 The Machine P~ocessing Block 

The machine processing block is used to model the 

pallet's and system-host's responsibility for the machine 

processing. This block resembles the machine station block 

of the high level model. The flow for the block is shown in 

Figure 4.5 on page 67. 

The pallet is placed at the machine in the same manner 

as the high level model. The task list is updated to indicate 

that the pallet is at its new station. 

The pallet is delayed by the time it takes to read the 

part program from the system-host's disk to the system-host's 

memory. This is another part of the system-host polling 

routine, so the system host resource is requested before the 

disk read is done. 

The serial receive interrupt from the appropriate 

mini-host is enabled to allow the transmission of the part 

program to the mini-host. 

The pallet then waits until the process is done. When 

the process is done the pallet is set to idle and the 

system-host polling entity is "woken up" so it will poll the 

system status again. 
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4.5.6 The Exit conveyor Block 

The exit conveyor block is essentially the same as for 

the high level model. The only difference is that the pallet 

must be removed from the task list before it leaves the 

system. The flow is shown in Figure 4.6 on page 69. 

4.5.7 The System-Host Interrupt Routine 

The system-host interrupt routines are used to 

communicate with the mini-hosts. There are as many interrupt 

routines as there are mini-hosts. Each mini-host has a 

separate serial line to the system-host. Whenever a 

mini-host sends data to the system-host, the interrupt 

routine is entered. The system-host uses polling while in 

the interrupt routine to send data to the mini-host. The 

flow of the routine is shown in Figure 4.7 on page 70. 

This block uses the interrupt structure, and the read 

and transmit events that were discussed previously. This 

block shows the ease of complex branching in SIMAN. 

The flow consists of waiting for an interrupt, reading 

the character that caused the interrupt and processing the 

character. An XON indicates that the mini-host is 

ready-to-receive. The mini-host has enough storage for six 

commands, so a maximum of six commands can be sent after an 

XON. An XOFF indicates that the mini-host buffer is full; 
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stop transmitting. An SO indicates that all of the axis 

controllers have finished processing the entire part program. 

The serial interrupts are disabled after an SO is input. Any 

other character received is an error. 

The commands are modeled as being sent as one unit, 

including a checksum. The mini-host sends an ACK or NAK to 

acknowledge or not the checksum received. In the present 

model, it is assumed that an acknowledgement will be sent, 

but it would be easy to add a check for a NAK, and if 

received, to model a resend of the command. 

4.5.8 The Mini-Host Model 

The mini-host has two significant routines. The main 

polling routine and the timer interrupt routine. The polling 

routine performs almost all of the processing on the 

mini-host. The timer routine is used to generate a clock to 

use for coordinating the step motors. Because of the high 

frequency of the clock (4OkHz), the interrupt routine ends 

up taking a large percent (approximately 40%) of the 

processor time. This is why it is significant. 

The interrupt routine is not modeled because it would 

make the simulation runs unacceptably long. Any processing 

delay in the model should be multiplied by the percent of the 

CPU time taken up by the interrupt routine. Delays for 

serial I/O should not be affected since the serial operation 
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runs in parallel with the timer and interrupts. The 

mini-host utility presented on the summary report will not 

give an accurate indication of the true CPU usage. Any 

unused portion of the CPU time needs to be multiplied by the 

percent of the CPU time taken by the interrupt routine and 

the product should be added to the summary report utility to 

obtain a better estimate of the true CPU utility. 

The polling routine is responsible for receiving a part 

program from the system-host and sending it to the 

axis-controllers. The flow for the routine is shown in 

Figure 4.8 on page 73. The mini-host sends an XON to the 

system-host to indicate that it is ready to receive and then 

it waits to receive a command. After a command is received, 

the mini-host sends back an ACK. Commands are received until 

the mini-host buffer is full or the end of the part program 

is reached. A flag is set to indicate when the end of the part 

program is reached. The flag is modeled by using one of the 

attributes of the mini-host polling entity, which controls 

the mini-host model. Any time local storage is needed in a 

routine, attributes of the controlling entity can be used for 

the storage. 

After the buffer is full or the end of the part program 

has been received, the mini-host sends an XOFF to the 

system-host to tell it to stop sending data. 

The mini-host now waits for all of the axis-controllers 

to become ready-to-receive. The axis-controller will only 
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be ready-to-receive between the processing of commands. This 

is modeled by a uniform delay between zero and an approximate 

maximum processing time for a command. In a more detailed 

model the mini-host would wait until a signal is sent from 

the axis controller. This is how a discrete signal line 

would be modeled. 

ready-to-receive, 

commands to each 

Once all of the axis-controllers are 

the mini-host sends the appropriate 

axis-controller in sequence. This is 

modeled all as one communication event. 

If the end of the part program has not been reached, the 

mini-host sends another XON to the system-host and the 

process is repeated. If the end of the part program has been 

received, the mini-host waits until the axis-controllers 

indicate that they are done with all of the commands they 

have received. When the axis-controllers are done, the 

mini-host brings the machine home in the same manner as done 

in the high level model. The mini-host then sends a SO to 

the system-host to indicate that the process is done. An XON 

is then sent to indicate that the mini-host is ready to 

receive once the next pallet arrives. 

4.S.9 The Axis-controller Model 

The part of the machine station block in the high level 

model where the part is actually machined is modeled by the 

axis-controllers in the detailed model. 
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The axis-controller is not modeled to the detail of the 

rest of the system. This shows that by using the 

hierarchical modeling approach, only the detail that is 

needed needs to be modeled. The axis-controller as it is now 

modeled represents all of the axis-controllers for a machine. 

The axis-controller could be modeled in more detail at a 

later date. The flow of the current axis-controller model 

is shown in Figure 4.9 on page 76. 

The axis-controller waits for data to be sent it. Once 

data has been sent, the axis-controller starts processing the 

data. The reading of the data by the axis-controller is 

currently not modeled. There is no limit on the buffer size 

of the axis-controller in the model. The actual buffer is 

eighteen commands long. A more detailed model could easily 

model the reading of data and include the buffer length 

restriction. 

When the axis-controller has no more commands in its 

buffer, it sends a signal to the mini-host to tell it it is 

done. 

4.6 J:b..g_ Experimental frame 

The experiment frame is set up the 

experiment frame for the high level model. 

same way as the 

It is mostly just 

an expanded version of the high level experiment. 
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The detailed model experiment adds the definition for 

the CPU resources. The times for the software and hardware 

delays have been added to the parameter sets. A parameter 

set is used for the character transmission times between all 

of the elements in the system. Additional output commands 

have been added to print the utility of the additional 

resources modeled. 

!t.J.. output Available 

The output available from the high level model is still 

available from the detailed model. The form of the trace has 

changed some since the modeling of the task list has made a 

complete list of all of the pallets in the system available. 

Additional output has been provided on the standard 

SIMAN summary report. The utility of each of the CPU's and 

communication lines is now printed. It must be remembered 

that the mini-host utility is actually about 40% higher than 

the utility printed on the summary report. 

Since the communication lines are full duplex, the 

utility in each direction is printed. The only communication 

lines in the system are effectively the lines into and out 

of each mini-host. All serial communication in the system is 

either to or from the mini-host. A mini-host can only talk 

to one element in the system at a time since its one serial 
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port is multiplexed. So, the limit on the communication is 

the mini-host serial port. 

A specialized trace and plot for the detailed model 

would be a useful addition to the model. 

Initialization Qf !rut Simulation 

There are several routines that are used to initialize 

the system. They are listed in the file PRIME. FOR in the 

appendix "FMS FORTRAN Listings" on page 256. The event 

SETENT is also used to initialize the system. 

The PRIME subroutine is called at the beginning of each 

run. It initializes the high level trace and allows the user 

to change any parameter in the parameter sets. Only values 

in the parameter set may be changed. To change the parameter 

the user types the parameter set number, the parameter number 

and the new value. Any number of parameters may be changed. 

Any change made is in effect during the entire set of runs, 

unless it is changed back. When the user is done making 

changes to the parameters, a zero is entered to start the 

run. 

The SETENT event is used to initialize all of the CPU 

entities in the model. 
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verification 2f .tbg_ Model 

The detailed model was verified in much the same way as 

the high level model. By comparing the results from the two 

models an additional verification is provided for both 

models. There have been several problems in the high level 

model that were noticed because of the results from the 

detailed models. 

!..J.O. ModifYing the Model 

The detailed model can be easily modified to model 

different aspects of the system and to try out different 

software algorithms. The modifications to the detailed model 

are harder to do than for the high level model. In many cases 

more than one block will have to be changed to make the 

modification. An example would be adding more detail to the 

axis-controller model. The mini-host model would also have 

to be modified to model the communication between the two 

more accurately. 

The trace events could be added easily once the critical 

points in the system t:o trace have been determined. The 

detailed trace should be controlled by a different set of 

trace on-off parameters than the high level trace. 

One of the major hurdles to creating a plot routine for 

the detailed model is determining what values should be 
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plotted and how. Most of the same routines used by the high 

level plot could still be used for the detailed plot. 

sample film 

This section provides a sample run from the detailed 

model. The random number streams are the same used for the 

sample run for the high level model. The summary report is 

shown in Figure 4.10 on page Bland the revised high level 

trace is shown in Figure 4.11 on page 82. The high level plot 

looks essentially the same as the one generated with the high 

level model, so it is not shown. 

The sample output shows that the detailed model gives 

results that are almost the same as the high level model, 

indicating that the model is functioning correctly and that 

software algorithms can be successfully simulated. 
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Figure 4.11 Sample Detailed Model High Level Trace 
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Chapter 5 

CONCLUSIONS Ali.12 RECOMMENDATIONS f.QR FURTHER RESEARCH 

Conclusions 

This thesis presents a method to simulate a Flexible 

Manufacturing System (FMS). By using the building blocks 

presented, an FMS may be easily simulated both on a macro and 

micro scale. The macro model is used for the configuration 

design of the FMS. The micro model is used to help design 

and debug the computer hierarchy and its software. 

The use of simulation to aid in the design of the FMS 

configuration is common. Using simulation to help design the 

software is rare. With the hierarchical modeling method 

presented, the model that would normally be developed when 

designing the FMS configuration needs only to be enhanced to 

allow the software to be modeled. This saves much time over 

developing a separate model for software development. 

There are other advantages to the hierarchical approach. 

The models at different levels in the hierarchy help verify 

each other. The models only need to be as detailed as needed 

at any point in the FMS design, allowing more general 

problems to be solved first, without needing to worry the 

more detailed problems until later in the design. 
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The SIMAN simulation language is a good base for the 

modeling. Its structure and special functions make it easy 

to develop the hierarchical model. The bui 1 t in material 

handling functions provide one of the building blocks needed 

for the model. 

By using the structure of the high level model 

presented, a high level model of a new system can be quickly 

and easily developed. The modular structure of the model 

makes it easy to make changes, so the best configuration can 

be found. 

The various forms of output 

understanding of how the system is 

performance can be improved. 

combine to allow easy 

performing and how the 

Many aids are provided by this research in developing 

the detailed models. The basic communication techniques are 

provided, as well as examples of program flow. These aids, 

along with the hierarchical approach, make it much simpler 

to model the software design of a hierarchy of computers. 

The detailed model allows the software to be checked for 

correct operation. It allows different algori truns to be 

tried. The complexity of the software can be estimated from 

the model. Any problems with an overloaded CPU or 

communication line can be found before the computers are 

bought. 

Once the simulation has shown that the software works, 

the system may be built and coded with the confidence that 
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no major changes will have to be made to the system to make 

it perform well. The start-up time will be much less since 

the software has already been tested. 

The model can still be used after the system is 

operational to check any enhancements before they are made 

to the system . 

.2..t..2 suggestions for Further Research 

Even though the modeling method presented is very useful 

for the design of an FMS and its software, there are still 

enhancements that would make future modeling easier and more 

effective. Some of these enhancements are described below. 

The presented system should be modeled in complete 

detail so that others that wish to design to a detail greater 

than that presented will not be on their own. This includes 

modeling the axis controller's software and modeling all of 

the possible error conditions. A continuous model should be 

added to show that the machine control can be simulated with 

the same framework as the rest of the FMS. 

There are several elements that are awkward to model. 

When modeling a polling routine a better way to guarantee 

that an event that is polled for is not missed needs to be 

developed. A straight forward way to model a latching 

interrupt is also needed. 
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A trace and plot routine designed specifically for the 

detailed model would aid in the verification and modification 

of the software algorithms. 

A set of plot routines that would allow specialized 

plots to be very easily generated would save the designer 

much work in creating a plot. An interactive routine to help 

design the plot would be ideal. 

A method to generalize this work to allow any system of 

hierarchical computers to be simulated easily would be the 

ultimate goal of continuing this research. 
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Appendix A 

INTRODUCTION IQ SIMAN 

This appendix gives an overview of the SIMAN language. 

Background information on computer simulation modeling is 

provided to improve the reader's understanding of SIMAN and 

how SIMAN fits into the computer modeling world. The appendix 

describes the SIMAN language and how to run SIMAN 

simulations. I evaluate the features of SIMAN as they are 

described. The appendix ends with an overall evaluation of 

SIMAN. 

&.1 Introduction t.Q. computer simulation Modeling 

This section gives an overview of computer simulation 

modeling. The difference between modeling and simulation is 

discussed. The types of models that can be simulated on a 

digital computer are described. The choice of the type of 

language to use for the model is discussed. 

A.l.l Modeling and Simulation 

Computer simulation modeling is the process of 

developing a model that is to be simulated on a digital 

computer. A model is a description of a real, or hoped to be 

real, system. A model can be scaled physical objects, 
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mathematical relations or graphical representations [ 29) . 

Simulation is the process of representing the dynamic 

behavior of a system by moving the model of the system from 

state to state [30). 

In order for a digital computer to simulate the model, 

the model must be in a form that can be understood by a 

simulation program. There are many computer languages 

available that a computer simulation model can be written in. 

These vary from general purpose languages to general purpose 

simulation languages to special purpose simulation languages. 

In all of these, to allow the states of the system to be 

changed by a computer, the system states must be represented 

by a set of variables. 

The output of the simulation does not give an analytical 

relationship between the inputs and outputs. Any analytical 

relationship must be derived from analysis of the output. 

This is like a laboratory experiment. Therefore, simulation 

runs are often called experiments. 

A.1.2 Modeling Orientations 

A computer simulation model can be continuous, discrete 

or both. In continuous models the states of the system can 

change continuously with time. In discrete models the states 

of the system only change at discrete instants in time. There 

are three methods that are commonly used to implement 
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discrete models. The methods are called event, activity and 

process modeling. These three methods, combined with 

continuous modeling, form four modeling methods, called 

modeling orientations. I will describe each of the 

orientations in more detail below. 

A,1,2.1 continuous Modeling 

continuous models are usually a set of equations of some 

sort. The next state of the system is represented by 

mathematical relationships that involve the present and past 

states of the system. The relationships often only specify 

the derivative of the next state, in which case the simulator 

must integrate the derivatives to find the next state. 

The usual case is that the modeler specifies the next 

state as first order derivatives of a combination of the 

current states of the system. Some simulation languages allow 

more complex relationships to be modeled directly. Higher 

order differential equations can be used or frequency domain 

equations may be used. 

There are some discrete models that are modeled much as 

the continuous systems above. These models can be thought of 

more as having a continuous orientation than a discrete 

orientation. It is sometimes easier to simulate models such 

as these using a continuous orientation simulator rather than 
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a discrete orientation simulator. Not all continuous 

simulators can handle discrete changes, though. 

A.1.2.2 Discrete Modeling 

The manner in which the different discrete orientations 

are modeled varies quite a bit. In event modeling any event 

that causes a change in the system must be modeled. The 

events that make up the model are independent from each 

other, except that one event may schedule another event to 

occur. In activity modeling, each activity is modeled 

separate from every other activity. An activity involves a 

start and stop event. The conditions that cause an activity 

to start or stop are specified in the activity. Each activity 

is independent from every other activity. In process modeling 

the entire process or system is modeled as one unit, and each 

of the parts of the system are connected together in the 

model. The connections between the elements in the model 

define the order in which the model is simulated, as opposed 

to event and activity modeling where the order of simulation 

is defined by elements within the event or activity. 

Event models are simulated by moving from event to event 

as dictated by the events themselves. There is no concern 

about any change between events, because none is 

the model. All events are equal in the sense 

allowed by 

that the 

scheduler knows no difference between an event that starts 
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an activity and an event that ends an activity. Any 

indefinite waits or conditional processing must be taken care 

of in the events by checking the status of the system. In a 

complicated model with many interactions between activities, 

the events can get quite complicated. It is often difficult 

to understand the flow of the model when event modeling is 

used since all events are separate and distinct. However, the 

event orientation is the most flexible discrete orientation. 

In activity models each activity is checked at every 

time advance to see if the conditions for the start or 

stopping of an activity exist. This allows for very easy 

modeling of indefinite delays. In some cases the activity 

orientation is the easiest way to model a system. Like event 

models, activity models are disjoint. Since every activity 

is scanned at every time advance, activity models usually 

have long run times. The activity orientation is rarely used 

by itself, although it is used in part by many simulators 

[ 31] . 

Process models are simulated by following the order of 

the elements in the model. The simulation language will have 

elements to model definite and indefinite time delays and to 

model the flow of entities through a system. Process models 

are usually easier to build and understand than models built 

in the other discrete orientations. The relationship between 

activities is more obvious in process models. Process 

modeling lacks flexibility if one activity affects another 
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activity. The degree to which this is true depends upon the 

simulation language. Process oriented languages usually have 

aspects of the event and activity orientations included to 

make modeling easier. 

A.1.3 Computer Languages for Simulation 

There are many programming languages that can be used 

for writing simulation models. General purpose languages 

(such as BASIC, FORTRAN and PASCAL) can be used. There are 

general purpose simulation languages (such as GPSS, SLAM and 

ACSL) for each of the different modeling orientations. There 

are also special purpose simulation languages that are only 

useful for a limited range of simulations (material handling 

systems, integrated circuit design analysis, etc.). 

An advantage of using a general purpose language is that 

a language can be chosen that the modeler and user already 

know. The modeler has the full flexibility of the general 

language at his disposal and is not constrained by a 

simulation language. The simulation is also very 

transportable because all that is needed to run it on another 

machine is a compiler or interpreter for that language. The 

main disadvantage of a general purpose language is that the 

modeler must take of all of the details of the model, such 

as writing integration routines, taking care of the 

advancement of time, etc. This can be quite tedious. 
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Using a general purpose simulation language solves the 

need for taking care of the tedious problems. Most simulation 

languages also add features that make writing most models 

much easier. Some examples are that they will keep track of 

the state of the system automatically so that it can be 

output later, plotting routines may be provided, and a set 

of instructions are provided that are specifically designed 

for simulation models. This makes modeling much easier. A 

draw back is that this new language must be learned by the 

modeler. General purpose simulation languages also restrict 

the modeler to the modeling orientation taken by the 

language. Models written in an orientation different from the 

language's orientation cannot be simulated with that 

language. The model will not be as transportable since it is 

harder to get a new version of the simulation language for a 

different machine than it is to get a compiler for a general 

purpose language for the machine. Some simulation languages 

are written in a general purpose language so if the source 

code of the simulation language is available, they can be 

ported relatively easily to a new machine. 

A special purpose simulation language will be the 

easiest to use if you are only solving the specific types of 

problems the language was designed for. It would be very 

difficult, if not impossible, to use the language for any 

other types of simulation. The language is structured 

specifically for a particular application, so learning the 
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simulation language can be easier for someone who knows the 

application than learning a general purpose simulation 

language. Specialized output may also be provided. Special 

purpose languages will not be very transportable for the same 

reason that a general purpose simulation language is not very 

transportable. 

overview Q.f SIMAN 

This section provides an overview of the SIMAN 

simulation language. It describes the major subdivisions of 

the SIMAN language. The steps needed to run SIMAN are given. 

The essential terms needed to understand SIMAN are defined. 

The way a model is simulated is described [32]. 

SIMAN is a combined discrete-continuous general purpose 

simulation language, although the main emphasis of SIMAN is 

on discrete process orientation modeling. Discrete event 

orientation models and continuous models may be used by 

linking FORTRAN subroutines to SIMAN. 

SIMAN is FORTRAN based, but for most discrete models the 

modeler or user does not need to know FORTRAN. However, by 

using FORTRAN the modeler has more flexibility in developing 

the model. 
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A.2.1 The SIMAN Framework 

The SIMAN language is subdivided into five main user 

interaction points. The interaction points are called 

frames. The main two frames are the model frame and the 

experiment frame. The other frames are the output frame, the 

event frame and the continuous frame. SIMAN also has five 

processors to process models and output. They are the model, 

experiment, link, run and output processors. 

The model frame contains the model statements. The model 

statements describe the system that is to be simulated. They 

do not specify under what conditions the model is to be 

simulated. The model frame is written in SIMAN statements. 

The statements form a block diagram of the model. There is 

an optional interactive program to input SIMAN models. This 

program uses graphics to draw the block diagram on the 

screen. This is completely compatible with the standard batch 

input mode where a text editor is used to input the model. 

The experiment frame has SIMAN statements that describe 

how the model is to be simulated. The parameters that are to 

be used for a particular run are specified here. Run times, 

the number of runs, etc., are also specified. This must be 

entered in batch form. 

The model and experiment are translated separately into 

what are called model and experiment files. The model and 

experiment processors are used to perform the translation. 
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The model and experiment files are then linked together by 

the link processor to form a run file. The separate 

translation allows changes in the experiment without having 

to retranslate the model. The model is exercised using the 

run processor. The run processor inputs and exercises the run 

file. The run processor can output a trace of the simulation, 

output a standard summary report, and can write simulation 

data to disk files. 

The data written to files can be analyzed using the 

output frame. Commands for the output frame can either be 

entered in batch form or interactively when the output 

processor is running. There are commands in the output frame 

to plot the simulation data as a printer plot, to convert the 

simulation data to a form that can be read by non-SIMAN 

graphics programs, and to do statistical analysis on the 

simulation data. Data from more than one run and even from 

different models can be handled at once. This is useful for 

comparisons. The output processor uses the output frame 

commands directly to perform the output operations. 

The event frame is coded in FORTRAN. The event frame can 

be used to add new commands to the model frame and it can be 

used to write event oriented models. There are many SIMAN 

subroutines that can be called from the events to take care 

of most of the housekeeping work in the events. The FORTRAN 

events must be linked to the SIMAN run processor using the 

link program that comes with FORTRAN. This forms a revised 
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run processor that includes the user written events. This 

revised run processor is used to simulate the run file that 

goes with the user defined events. 

The continuous frame is also written in FORTRAN. The 

continuous state equations are coded using special SIMAN 

variables for the states and their derivatives. The user 

written continuous FORTRAN routine is linked to the SIMAN run 

processor. Even if no discrete model is used, the run file 

is needed to specify the run times and parameters for the 

continuous simulation. 

A.2.2 Essential Terms 

The SIMAN language uses some terms in a way that will 

be unfamiliar to most people that have never used a discrete 

computer simulation language. An understanding of some of 

these terms is essential in gaining an understanding of the 

SIMAN language. I will define these terms and explain how 

they are used in SIMAN. The terms defined in this section are 

entity, attribute, resource, queue and file. 

The basic unit of data that causes everything to happen 

in SIMAN is called an entity. An entity could represent a 

customer in a bank model, a work piece in a manufacturing 

model, a piece of information to be processed in a computer 

model, or any number of other things depending upon the 

model. What an entity "is" in a model is defined by the 
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modeler. An entity is a general purpose "thing" made 

available by SIMAN to be used for whatever the modeler wants 

or needs. Not all entities in a model must represent the same 

object. Different objects may be included in the same model 

by defining entities that represent each of the objects. 

SIMAN does not know how an entity is defined. It is up to the 

modeler to assure that the model can distinguish between 

entities that represent different objects. This can be done 

by limiting entities that represent different objects to 

different parts of the model or by using some of the 

entities' attributes to define what object each entity "is." 

Each entity has attributes. Attributes are a set of 

numbers that are associated with each entity. Each entity has 

a distinct set of attributes. Attributes are not shared, 

they are local to the entity. The attributes can represent 

anything the modeler wants them to. An attribute can be used 

to indicate what the entity "is, " when the entity came into 

the system, what sequence it must take through the model, or 

anything else the modeler thinks might be useful. Attributes 

travel around the model with the entity they are associated 

with. In a sense, the entity 1a its attributes. There are as 

many sets of attributes in a simulation as there are 

entities. The attribute sets do not need to be the same size 

for all of the entities. The number of attributes is defined 

by the modeler for each entity object type. 
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The elements of system resources that are needed by an 

entity to perform a task are called resources. A resource 

could be a lathe, a space on an escalator, a fork lift, a 

cashier or whatever other element is shared by the objects 

(entities) in the modeled system. SIMAN has two types of 

resources: general purpose resources and material handling 

resources. The resources can be named by the modeler and can 

be referred to by name. This helps in understanding the 

model. The number of resources available can be changed from 

the model frame during the simulation. This allows the 

modeling of lunch breaks, change of shift, mechanical 

breakdowns, etc. The general resources are used to control 

the availability o·f the resources that are not used for 

movement of entities. The material handling resources are 

used to move objects around the system and model. 

There are two types of material handlers. One is called 

a conveyor and the other a transporter. A conveyor is a 

continuous unit that can carry more than one entity at a 

time. A large entity takes more room on the conveyor than a 

small entity. Examples of a conveyor are a conveyor belt and 

an escalator. A transporter is a discrete device that can 

move more freely. Examples of a transporter are a fork lift, 

a robot and a porter in a hotel. 

Before a resource can be used by an entity, the entity 

must gain control of the resource. If it cannot gain control 

of the resource it wi 11 usually wait for the resource to 
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become available in what is called a queue. At each point in 

a model when a resource is requested there must be a queue 

available for the entity to wait in if the resource is not 

available. All queues require a place to store the waiting 

entities. This place is called a file. A file is simply a 

place where entities are stored in a model. A file can be used 

for more general storage than just queuing. 

A.2.3 Simulation P~ocess Flow 

This section describes how the entities move through the 

model during a simulation. I will leave the description of 

event and continuous processing until later when I describe 

those frames in detail. The simulation is entity (data) 

driven. Each entity moves through the model independently of 

every other entity in the model except that an entity may 

have to wait to use a shared resource or one entity may be 

required by the model to wait for the arrival of another 

entity at a certain point in the model. The entities are 

processed in parallel. 

The processing starts when an entity gains "control" of 

the simulation. The entity then moves through the model, 

being affected by the model statements, until the entity is 

destroyed or is delayed by a model statement. 

After processing is done on one entity, the list of 

scheduled entity processings (called the task list) is 
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checked. The simulation time is set to the next processing 

time on the list. The entity that is scheduled to be 

processed next is then processed. The entity starts from the 

point in the model where it was delayed and is processed 

until it is delayed again. If two entities are scheduled to 

be processed at the same time, the one that was put on the 

task list first is processed first. 

A delay can either be definite or indefinite. If the 

delay is definite, the entity is scheduled to regain control 

of the simulation after the delay. For indefinite delays the 

entity is waiting for the system state to reach a certain 

point, such as a resource being available. The entity is 

processed at the instant when the state changes to end the 

delay. 

No time delays can occur during the processing of an 

entity; the processing occurs in an instant of time. The 

entity cannot affect the state of the system while it is 

waiting for its next processing time. Changes can occur only 

at discrete instants in time, hence the name discrete 

modeling. 

Parallelism is achieved by processing an entity while 

every other entity is being delayed. Each entity moves 

through the model until it is destroyed (leaves the system), 

or the run ends. This relatively simple scheme allows for 

very complex models with many things going on at the same 

time. 
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A.2.4 SIMAN variables 

SIMAN has many variables built in that make the modeling 

task much easier. The variables consist of user assignable 

variables, SIMAN system variables, SIMAN random variables, 

table functions and user coded functions. 

The user assignable variables are variables available 

to the modeler to define as needed. See Figure A.1 on page 

110 for a list of the variables and a description of what they 

can be used for. 

The SIMAN system variables are used to tell the system 

status. These variables are set by the simulator. A complete 

list is given in Figure A.2 on page 111. 

SIMAN provides many random variables for a modeler's 

use. The modeler can choose which of ten random number 

streams to use for each function call. The modeler also must 

specify from which parameter set the needed data for the 

random variable is to be taken. The values needed specify the 

specific shape of the random variable. For example, for a 

normal distribution, the mean and standard deviation must be 

specified. The complete list of random variables is given in 

Figure A.3 on page 112. 

A set of user definable 

provided for the modeler. A 

table 

table 

look-up functions is 

is defined in the 

experiment frame. Table values are defined at even increments 

of the independent variable. At simulation time, the value 
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variable 
XCI) 

Description 

Real valued global variable 
general use. 

available for 

PC I., K> Real valued parameter K in parameter set I -
Defined in the experiment frame, definition used 
by the SIMAN random variables and to allow 
changes in model parameters without changing the 
model. 

J Integer valued index variable - used for general 
indexing, also used to return a pointer after 
several model commands. 

s <I> Real valued continuous state variable I - used 
to define the state equations in the continuous 
frame, can be referenced in the model and event 
frames, a change will cause a step change in the 
continuous system. 

D<I> Real valued derivative of S(I} - used to define 
the state equations in the continuous frame, can 
be referenced and changed in the model and event 
frames, integrated by SIMAN to obtain S(I). 

Figure A.l SIMAN User Assignable Variables [33) 
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variable Description 

TNOW The current simulation time. 

NE(I> The number of entities on route to station I. 

NQCI) The number of entities in queue I. 

NC<I> The current count for counter I. 

NR<I> The number of busy units of resource I. 

MRCI> The total number of units of resource I. 

NTCI> The number of busy units of transporter I. 

MT<I> The total number of units of transporter I. 

LCCI> The length of occupied cells on conveyor I. 

Figure A.2 SIMAN System Variables [33] 

Introduction to SIMAN 111 



Distribution~ (Required parameters> 

BE Beta distribution. (Theta, Phi) 

co A constant from the parameter set. (Constant) 

DP A discrete probability distribution. The user 
defines the cumulative probabilities that the 
random variable will return a certain value. 

ED The random variable to be used is specified in the 
experiment frame. 

ER Erlang distribution. (Exponential mean, K) 

EX Exponential distribution. (Mean) 

GA Gamma distribution. (Beta, Alpha) 

NP Poisson distribution. (Mean) 

RA Uniform random sample in the interval Oto 1. 

RL Lognormal distribution. (Mean, Standard deviation) 

RN Normal distribution. (Mean, Standard deviation) 

TR Triangular distribution. (Minimum, Mode, Maximum) 

UN Uniform distribution. (Minimum, Maximum) 

WE Weibull distribution. (Beta, Alpha) 

Figure A.3 SIMAN Random Variables [34) 
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returned from the function is linearly interpolated from the 

values in the table. 

The modeler can also program, in FORTRAN, user defined 

functions. The function can use anything available in 

FORTRAN, such as a READ statement, or anything available from 

SIMAN, such as the system status. 

Ihg_ Model Frame 

The model frame is what the modeler will spend the most 

time developing. A model may be written directly in SIMAN or 

it may be written in some other form and converted to SIMAN 

statements. It is fairly easy to convert from most 

representations of a system to a block diagram model. 

The model frame contains the SIMAN block diagram model 

of the system. The block diagram consists of block labels, 

block functions, block modifiers and comments. Block labels 

are used to identify a particular block in a model. A label 

is made up of alphanumeric characters, including blanks, and 

may be up to eight characters long. The block functions are 

the blocks that make up most of the model. They will be 

described below. A block modifier specifies special 

processing for that block. See Figure A.4 on page 114 for a 

description of the modifiers. Comments are used by the 

modeler to make understanding the model easier. 
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Modifier Description 
DETACH Do not connect this block to the next block. 

Only used by QUEUE blocks. Needed when the 
QUEUE is associated with a QPICK or MATCH 
block. Also used to use the QUEUE block for 
entity storage. 

DISPOSE Destroy the entity after processing at the 
block. 

MARKCn> "Mark" {store) the arrival time to the block 
in attribute n. 

NEXTClabel> Go to label after processing at the block. 

Figure A.4 SIMAN Block Modifiers [35) 
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SIMAN has ten basic block types. Each block type is a 

grouping of one or more block functions. Three of the block 

types have more than one block function. The other seven 

block types uniquely specify a block function. The block 

types are shown in Figure A. 5 on page 116. For the block 

types that are also block functions, the parameters that can 

be specified in the block function are listed. Figure A.6 on 

page 117, Figure A.9 on page 120 and Figure A.10 on page 121 

list all of the block functions associated with the block 

types operation, transfer and hold, respectively. The 

parameters that can be specified in the block are listed. 

Many of the block function parameters have default 

values, so the modeler does not need to specify all of the 

parameters. A name is an up to eight character alphanumeric 

user defined label for resources and material handling 

elements. Almost all of the numeric parameters can be 

specified as an integer, as the index variable J 

plus-or-minus an integer, as the station number plus-or-minus 

an integer, as an attribute of the entity or as one of the 

global variables. When an expression can be specified, as 

for the ASSIGN block and any time delay, an algebraic 

combination of any of the variables listed in "SIMAN 

Variables" on page 109 can be used. This allows time delays 

and other values to be based on the random variables and the 

system status. When a condition is allowed, a combination of 

expressions and logical operators can be used. 
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Block Il!.2,g_ Description <Parameters> 

OPERATION Used to model a variety of processes. See 
Figure A.6 on page 117 for a complete list of 
functions. 

HOLD Used to model situations where an entity may 
be delayed based on system status. Must be 
preceded by a queuing facility to hold the 
entity if it is delayed. See Figure A.10 on 
page 121 for the specific blocks. 

MATCH Delays entities in a set of queues until each 
queue contains an entity with the same value 
of a specified attribute. Each entity then 
moves on independently of each other. 
(Attribute number to compare, labels of QUEUE 
blocks, labels of blocks entities move to 
after a match) 

QUEUE Provides waiting space for entities that are 
delayed at hold or match blocks. (File number, 
queue capacity, label of where entities go 
when the queue is full) 

BRANCH Allows conditional, probabilistic and 
deterministic rerouting of entities in a 
model. An entity may take more than one 
branch, in which case, an identical copy is 
made of the entity. (Maximum number of 
branches that can be taken, branch condition, 
label to branch to) 

PICKQ Used to select from a set of following QUEUE 
blocks. (Rule on how to select a queue, label 
of each QUEUE, label of where the entity goes 
when all of the queues are full) 

SELECT Used to select between a set of following hold 
blocks. ( Rule on how to select which hold 
block, labels of the hold blocks) 

QPICK Used to select from a set of preceding QUEUE 
blocks. (Rule for selecting a queue, label of 
each QUEUE) 

TRANSFER Used to model transfers between stations via 
material handling systems. Figure A.9 on page 
120 has a complete list. 

STATION Defines the point in the model where an entity 
is moved when a transfer block is used. 
(Station number(s) represented by this block) 

Figure A.5 SIMAN Block Types [36] 
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Block 
Function 

Description <Parameters> 

General Functions 
ASSIGN 

CREATE 

DELAY 

DETECT 

EVENT 

FINDJ 

SIGNAL 

SPLIT 

Figure A.6 

Make a general 
expression) 

assignment. (Variable = 

Cause a batch of entities to arrive at the 
system. They move on from this block. Also 
specify when the next entities are to be 
created at this block. (Number in batch, time 
between creations, maximum number of batches 
that can be created) 

Delay the entity a specified time. (Delay time) 

Detect when a continuous state variable or 
derivative crosses a specified value - which 
may be another continuous variable or a 
constant. When the crossing is detected an 
entity is created at this block. (Variable to 
be checked, crossing direction, value that must 
be crossed, how close the crossing time must 
be calculated by SIMAN, station numbers for 
which this applies) 

Invoke a user written event. (Event number) 

Find the value of the index J meeting a 
specified condition. J is set by this function. 
(Search condition as a function of J, range of 
Jover which the search is made) 

Send a signal. Releases entities at a WAIT 
block. (Signal code number) 

Split a previously formed group into its 
individual members. (No parameters) 

Operation Block Type Functions (Page 1 of 
3) [37] 
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Block 
Function 

Description <Parameters> 

Resource Functions 
RELEASE 

ALTER 

Release units of the specified resource. The 
resource is now available for other entities 
to use. (Resource name, number of units to be 
released) 

Change the capacity of the specified resource. 
(Resource name, capacity change) 

Material Handling Functions 
FREE Exit a transporter. The transporter is now free 

to carry other entities. (Transporter name) 

ACTIVATE Set the status of a transporter to active. The 
transporter can now move. (Transporter name) 

HALT Set the status of a transporter to inactive. 

EXIT 

START 

STOP 

The transporter cannot move. (Transporter 
name) 

Exit a conveyor. (Conveyor name, number of 
cells released) 

Set the status of a conveyor to active. The 
conveyor starts moving. (Conveyor name) 

Set the status of a conveyor to inactive. The 
conveyor stops moving. (Conveyor name) 

statistics Functions 
COUNT 

TALLY 

Figure A.7 

Increment the specified counter. 
number, increment) 

(Counter 

Record an observation value. (Tally number, 
value to be recorded) 

Operation Block Type Functions (Continued, 
Page 2 of 3) [37] 
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Block 
Function 

Description <Parameters> 

File Functions 
SEARCH Search a file for an entity meeting a specified 

condition. After the search, the index J points 
to an entity meeting the condition. (Condition 
as a function of J, file to be searched, range 
of Jover which the search is made) 

COPY Make an identical copy of an entity in a file. 
The new copy is sent to the labeled statement 
specified. ( File and position in the file of 
the entity to be copied, label where copy is 
sent) 

REMOVE Remove the specified entity from a file and 
send it to the desired label. (File and 
position in the file of the removed entity, 
label to where the entity is sent) 

Figure A.8 Operation Block Type Functions (Continued, 
Page 3 of 3) (37) 
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Block 
Function 

ROUTE 

CONVEY 

TRANSPORT 

Figure A.9 

Description <Parameters> 

Move the entity to the specified station. No 
material handling resource is needed. The 
transfer time is specified in the block. 
(Transfer time, destination station number) 

Use a conveyor to move the entity to the 
specified station. The transfer time is 
determined by the distance along the conveyor 
between the stations and the speed of the 
conveyor. (Conveyor name, destination station 
number) 

Use a transporter to 
specified station. 
determined by the 
stations and the 
(Transporter name, 
number) 

move the entity to the 
The transfer time is 
distance between the 
transporter's speed. 
destination station 

Transfer Block Type Functions [38) 
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Block 
Function 

Description cearameters> 

Resource Functions 

SEIZE Wait until the required number of uni ts of a 
resource are available. Allot the resources to 
the entity. ( Name and number of uni ts of the 
resource, priority relative to other SEIZE 
blocks) 

PREEMPT Wait until a unit of the requested resource is 
allotted to the entity. The entity may preempt 
a resource currently being used at a lower 
priority. ( Resource name, preempt priority, 
label to which preempted entity is to go, 
attribute of preempted entity in which the 
remaining delay time is stored) 

Material Handling Functions 

ACCESS Wait until a specified number of consecutive 
conveyor cells are available at the accessing 
station. Allot the cells to the entity. 
(Conveyor name, number of cells required) 

REQUEST Wait unti 1 a transporter is al lotted to the 
entity and the transporter arrives at the 
requesting station. (Transporter name, priority 
relative to other REQUEST blocks) 

condition Functions 

WAIT 

SCAN 

Wait until the specified signal is sent from a 
SIGNAL block. (The signal code number) 

Wait until a specified general condition is met. 
This is used for activity orientation modeling. 
(Scan condition, the range of stations the 
entity must be at to enable the scan) 

Figure A.10 Hold Block Type Functions (Page 1 of 2) 
[38] 
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Block 
Function 

set Functions 

Description <Parameters> 

COMBINE Wait until the specified number of entities are 
in the preceding queue. Combine the entities 
into a permanent set and create a representative 
of the set. The original entities are destroyed. 
(Set size, how the attributes of the new entity 
are to be determined) 

GROUP Wait until the specified number of entities are 
in the preceding queue. Group the entities into 
a temporary set and create a representative of 
the set. The original entities are saved and 
can be recovered using the SPLIT block. ( Set 
size, how the attributes of the new entity are 
to be determined) 

Figure A.11 Hold Block Type Functions (Continued, Page 
2 of 2) [38] 
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One of the most common sequences of blocks is QUEUE, 

SEIZE, process, and RELEASE. This sequence allows an entity 

to gain control of a resource, perform any process that the 

resource does on the entity (usually modeled by DELAY), and 

then frees up the resource for another entity to use. An 

example is an inspection station. The part would request the 

inspector, it would wait in the queue if necessary, then, 

when the inspector was available, the inspector would inspect 

the part (this is modeled by a delay and assignment of an 

attribute indicating pass or fail), and then the inspector 

would be free to inspect another part. Both the time delay 

and the assignment of pass or fail could be based on random 

distributions. 

The QUEUE, SEIZE, process, RELEASE sequence can be 

generalized as the sequence: wait in a queuing facility 

until the system status is as needed, perform a process and 

release any resources used. The queuing facility will be at 

least one QUEUE block and could include a QPICK which allows 

more than one queue to form in front of a hold block. The 

check on system status will be done at a hold or match block. 

These include waits until a resource or material handler is 

available, to waiting for other entities to arrive, to a 

general status check. A SELECT block allows several hold 

blocks behind one QUEUE or QPICK. The processing can be any 

block function, including more queues and holds. This 
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structure is very flexible and allows a wide variety of 

modeling options. 

Most ways of prioritizing who gets a resource first and 

who can "steal" the resource from whom can be modeled using 

the SEIZE and PREEMPT blocks. A PREEMPT block is always a 

higher priority than a SEIZE block. 

An entity may be rerouted using a BRANCH block, a 

selection rule block or a transfer block. The BRANCH block 

allows an entity to be branched based upon a conditional 

statement (branch if a is less than b), or on a probability 

independent of the system status (branch 20% of the time), 

or it can be branched deterministicaly (branch if no other 

branch has been taken). All of these may be combined in one 

BRANCH block, and the block may have as many branches as 

needed. If more than one branch could be taken, copies of 

the entity are made and sent to each branch. The maximum 

number of branches that can be taken is specified by the 

modeler. The usual case is one branch taken. There is no case 

for the entity to "fall through" the block. At least one 

branch must be taken or the entity will be destroyed. The 

branch statement is very flexible and fairly easy to use. 

The second type of rerouting involves selection rules. 

The PICKQ, SELECT and QPICK blocks use selection rules. A 

queue or hold block is chosen based on the selection rule. 

These include picking the block to go to based on the 

shortest or longest queue, or the most or least resources 
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available, or they can be chosen randomly or in several other 

ways which are listed in reference [39). 

The last way to reroute an entity is using a transfer 

block. (See Figure A.9 on page 120) The entity moves to the 

STATION block specified in the transfer block. To use the 

transfer blocks CONVEY and TRANSPORT, the material handler 

must be requested at a hold block first. For CONVEY and 

TRANSPORT, the entity's station number is important in 

calculating when the material handler arrives at the station 

and how long the transfer will take. A special integer 

attribute of each entity, called the M attribute or the 

station number, is used to tell what station the entity is 

at. The M attribute is set when a entity arrives at a STATION 

block. It can also be changed by the modeler using an ASSIGN 

block. The distances between stations and the speed of the 

material handler is specified in the experiment frame. 

Unfortunately, the speed of the material handler cannot be 

varied during the model run. This makes it impossible to use 

the material handling functions to model the effects of loads 

on the material handling system. 

SIMAN has special indexing features that allow a modeler 

to create what are called macros. A macro is a part of the 

model that represents more than one station. The processing 

at each of the stations must be similar for the macro to be 

useful. In a macro all of the queues and resources must be 

indexed using the entity's M attribute so that the queues and 
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resources of the different stations represented by the same 

block diagram can be kept separate. The macro capability is 

very useful when there are parts of the system that are 

identical or almost identical to another part of the system. 

An example is a job shop model. Two lathes could be modeled 

by the same set of blocks. It is possible that all of the 

machines in the shop could be defined by the same set of 

blocks if their processing is similar enough to each other. 

The model would then only require three station macros, the 

arrival station, the machine stations and the exit station. 

The TALLY block is used to record data for output. A 

common value recorded is the in-system-time. This is the time 

the entity is in the system. To find this time the MARK block 

modifier is used on the CREATE block. The last block the 

entity goes to is a TALLY block recording the interval of 

time between the mark time and the current time. The TALLY 

block will have the DISPOSE modifier to destroy the entity. 

The TALLY block can record any expression. 

The model frame can be entered in either interactive or 

batch form. The two input methods are completely compatible 

and may be used interchangeably. This is necessary because 

the interactive input requires a graphics terminal to input 

the model. A graphics terminal is not always available, so 

the batch input may sometimes have to be used. Also, it is 

much easier to get non-graphics printouts than to get 

graphics printouts. 
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The interactive input mode allows the modeler to input 

the blocks from a menu. The block diagram is displayed 

graphically on the terminal as it is built. Block parameters 

are typed on the keyboard. Labels are inserted to the left 

of the block. Comments can be added to the right of the block. 

Block modifiers are appended to the bottom or right side of 

the block. When using interactive input, the modeler is told 

of errors as they are typed in. The interactive input program 

does not replace the model processor. This would be a nice 

feature because one step could be saved in running a 

simulation. The interactive checking for errors still speeds 

things up. 

In batch input a standard text editor is used to enter 

the input commands. The first nine columns are used for 

labels. The rest of the line is used for the block, modifiers 

and comments. The labels, blocks and modifiers must be 

entered in upper case. Comments, which can be put on the same 

line as a block, can be entered in mixed case. If more than 

one line is needed for a block, the block is simply continued 

on the next line, as long as the end of the first line 

indicates that there is more to the block. This is done by 

ending the line with a comma or a colon, the two field 

separators used by SIMAN. For some of the blocks the point 

where a comma is required instead of a colon seems 

inconsistent with the comma and colon usage for the rest of 

the blocks. The modeler is not allowed to put comments on the 
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line that is to be continued. This means that the blocks that 

need comments the most, the long complicated ones, are very 

hard to comment. A block modifier is placed after the block 

using a colon as a separator. The end of the block and 

modifier is indicated with a semicolon. Anything on the line 

after the semicolon is considered a comment and is ignored 

by SIMAN. The frame must start with a BEGIN; statement and 

end with an END; statement. 

After the model frame has been entered, it must be 

translated using the model processor. This converts the user 

file to a form that can be read by the rest of SIMAN. It also 

checks for syntax errors in the model input. Any error 

messages are printed on the line after the error. No total 

number of errors is given at the end of the translation. For 

a long model this is very annoying because the entire listing 

must be checked to see if there were any errors. The model 

processor translates about two hundred lines ( a moderate 

sized model) in two minutes on an IBM PC. 

experiment Frame 

The experiment frame is where the data to drive the 

model is stored. The model can easily be set up so that any 

value that may need to be changed in the model is placed in 

the experiment frame. This makes it so the model never has 

to be changed once it is working. Many different experiments 
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can be run on the same model - all by just changing the 

experiment frame and rerunning the model. 

The experiment commands, called elements, for the most 

part can be entered in any order. There are several elements 

that must be put in the beginning of the frame if they are 

used. SIMAN does not allow an element to appear more than 

once in the experiment frame. If there is more than one set 

of data to be specified by an element, the additional 

specifications follow the first to form one long statement. 

The statement can be spread out over as many lines as needed. 

Unlike the model frame, in the experiment frame 

variables may not be used to specify values. Only real or 

integer numbers may be used. This usually presents no 

problems since the values in the experiment frame generally 

do not need to depend on the status of the system. The values 

in the parameter set (which is defined in the experiment) may 

be changed from the model during a run if changes are needed. 

There are many defaults allowed in the experiment frame, 

making coding easier. All of the experiment elements are 

listed by function type in Figure A.12 on page 130, 

Figure A.13 on page 131, Figure A.14 on page 132, Figure A.15 

on page 133, and Figure A.16 on page 134. 

The only restrictions on the ordering of the experiment 

frame is that the PROJECT element, if used, must be the first 

element in the frame. The DISCRETE and CONTINUOUS elements 

can only be preceded by the PROJECT element or each other. 
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Element 

PROJECT 

Description <Parameters> 

Generates a summary report. 
title, analyst name, date) 

(Project 

DISCRETE Defines the maximum number of several 
storage dependent variables used in 
discrete models. Required when a discrete 
model is used. (Maximum number of: 
concurrent entities, attributes per 
entity, files, stations) 

CONTINUOUS Required when a continuous model is used. 
Defines the integration variables, tells 
SIMAN the setup of the equations to be 
solved, and how often continuous variables 
are to be recorded. (How often continuous 
variables are to be saved, number of 
differential and state equations used, 
minimum and maximum allowable step size, 
maximum allowable integration error, what 
to do if step size smaller than the one 
specified is needed to keep within 
accuracy) 

REPLICATE Required by all models. Defines the number 
of runs, the length of the runs and whether 
or not to reinitialize between runs. 
(Number of runs, beginning time of first 
run, maximum length of each run, whether 
or not to initialize the system status or 
save observations between runs) 

Figure A.12 SIMAN Overall Defining Experiment Elements 
[40] 
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Element 

DISTANCES 

SEGMENTS 

PARAMETERS 

Description <Parameters> 

Use with transporters. Defines distance 
sets. (Distance set number, range of 
stations included in set, distance between 
stations) 

Use with conveyors. Defines segment sets. 
( Segment set number, station segment set 
starts at, station/distance pair defining 
the next segment in the set) 

Define parameter sets. (Parameter set 
number, parameter values) 

DISTRIBUTIONS Define the random distribution ED(!). 
(Distributions number, distribution to be 
used) 

RULES 

TABLES 

RANKINGS 

EVENTS 

Specifi~s the selection rule ER(!). (Rules 
number, selection rule to be used) 

Defines a table function. (Table number, 
low value and increment of the independent 
variable, dependent values) 

Change the default queue ordering. ( Range 
of files to be redefined, ranking 
criterion) 

Cause an event to be called when a 
continuous variable reaches a certain 
value. (Event number, variable to be 
checked, variable to be crossed, crossing 
direction, tolerance required) 

Figure A.13 SIMAN Parameter 
Elements [40] 

Definition Experiment 

Introduction to SIMAN 131 



Element 
RESOURCES 

Description <Parameters> 
Defines any resources used. 
number, name and capacity) 

(Resource 

TRANSPORTERS Defines any transporters used. 
(Transporter number, name, capacity, 
velocity, initial position and status, 
distance set to use) 

CONVEYORS Defines any conveyors used. (Conveyor 
number, name, velocity, initial status, 
length of each cell, segment set to use) 

Figure A.14 SIMAN Resource 
Elements [40] 
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Element 

ARRIVALS 

INITIALIZE 

SEEDS 

Description <Parameters> 

Create batches of entities to arrive at the 
specified location in the model. (Arrival 
number, location entities enter the model, 
time of creation, batch size, the entities' 
attributes) 

Initialize variables at the start of a run. 
(Variable to be initialized, value it is 
to be initialized to) 

Initialize the random number streams. 
(Stream number, seed value, whether or not 
to reinitialize between runs) 

Figure A.15 SIMAN Initialization Experiment Elements 
[40] 
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Element 

COUNTERS 

TALLIES 

DSTAT 

CSTAT 

OUTPUT 

TRACE 

Description cparameters> 

Defines 
on the 
maximum 
printed 

any counters used. Causes output 
summary report. ( Counter number, 
value counter can take, identifier 
on summary report) 

Required to identify all TALLY blocks in 
the model. Causes output on the summary 
report and/or to disk. (Tally number, 
summary report identifier, disk file data 
is to be written to) 

Causes all of the changes in a discrete 
S IMAN variable to be recorded. ( DSTAT 
number, variable to be recorded, summary 
report identifier, disk file data is to be 
written to) 

Causes continuous variables to be recorded 
at the interval specified in the CONTINUOUS 
element. (CSTAT number, variable to be 
recorded, summary report identifier, disk 
file data is to be written to) 

Output the value of a variable at the end 
of each run. This is usually a statistical 
variable. (Output number, variable to be 
written, disk file data is to be written 
to) 

Cause a trace to be printed when the 
specified condition is true. Print the 
specified variables. (Start and stop times 
for the trace, trace condition, up to four 
variables to be printed each trace time) 

Figure A.16 SIMAN Output Experiment Elements [40] 
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The PROJECT element causes a summary report to be printed and 

allows the report to be named and dated. The summary report 

prints data pertinent to the model at the end of each run. 

The contents of the summary report are determined by other 

experiment elements. The DISCRETE element is required when a 

discrete model is to be simulated. The CONTINUOUS element is 

required when a continuous model is used. Other than these 

three elements the rest of the elements in the experiment 

frame can be in any order. The REPLICATE element is required, 

but can be placed anywhere in the experiment. This element 

is used to control the simulation. 

The resource definition elements, Figure A.14 on page 

132, give the resources names that can be used in the model. 

They also define what limits and characteristics the 

resources have. The capacity is the number of identical units 

of that resource, not how many entities can be handled by one 

resource. 

The DISTANCES and SEGMENTS elements are used by 

transporters and conveyors, respectively, to find how far the 

different stations are from each other. 

One of the most powerful elements in the experiment is 

the PARAMETERS element. This element is a two dimensional 

array of values. The first dimension defines the parameter 

set. The second dimension defines the parameter set values. 

The modeler can use these parameters in any way desired. This 

allows the modeler to put all values that may change between 
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experiments in the parameter set. Then the user only needs 

to change the parameter to change the value in the model. 

The user never needs to modify the model. The parameters can 

even be used to specify conditional processing of model 

blocks. This allows minor changes in the model to be 

simulated without changing the model. The parameters are also 

used by the SIMAN random variables. The modeler specifies 

which parameter set each call to a random variable should get 

its data from. The random variable then goes to the parameter 

set and gets the parameters it needs. There may be as many 

parameter sets as needed and each set may have any number of 

parameters. Different parameter sets may have different 

numbers of parameters. 

The DISTRIBUTIONS and RULES elements allow the user to 

define what random variable or selection rule is to be used 

in the model. This, again, allows the modeler to construct a 

model that does not need to be modified to run very many, very 

different experiments. 

The output elements, Figure A.16 on page 134, cause 

output to the screen, disk or both. COUNTERS, TALLIES, DSTAT 

and CSTAT cause output on the summary report. The user can 

specify an identifier to be printed on the summary report. 

The identifier can be up to twenty characters including 

blanks. All variables output on the summary report must be 

specified by one of these elements. There are no default 

variables printed on the summary report. This keeps the 
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summary report from being cluttered with unnecessary output. 

These elements, except COUNTERS, can also be used to output 

run data to disk. This is an option, so only the data that 

the user wants written is sent to disk. Any data that is sent 

to disk must have an entry on the summary report even if the 

entry has no meaning. 

The TRACE element causes a trace of the run to be 

performed. This is very helpful for debugging the model. The 

trace is output on the screen. A trace condition can be 

specified so that only certain steps are traced. By using the 

trace condition only certain events are traced, allowing the 

user to follow the simulation run, but not having to see 

every step. The types of output obtainable from SIMAN are 

described in more detail in "Output Available" on page 139. 

The experiment frame must be entered in batch mode. The 

elements are typed in using a text editor. The first 

statement must be BEGIN; and the last must be END;. The 

experiment may start in any column. The elements must be 

entered in uppercase. The lines are continued as in the model 

frame, except I have had some trouble splitting a line after 

a comma. Comments are allowed as in the model frame. The 

problem with not being able to comment a line that is 

continued is even more of a problem in the experiment than 

in the model. The experiment has very long lines. If the data 

is not commented, the user will have no idea what each piece 

of data is, and will not be able to run experiments. 
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After the experiment is entered, it is translated into 

the experiment file by the experiment processor. Any syntax 

errors are printed. On an IBM PC, this takes about a minute 

on a one hundred line experiment, which is about as large as 

an experiment will get. The run file and experiment file are 

linked to form the model file by the link processor. 

Additional errors may be found in this step. There is no 

provision for linking more than one model file to an 

experiment. This forces the modeler to store the model frame 

in one file and translate the whole thing when any change is 

made. On the PC, the link step takes over a minute for a 

moderately sized model. 

After the run file has been created it may be simulated 

using the run processor. When the run processor is invoked 

a banner message with the license number is displayed. The 

program waits for an input from the user to make sure the 

banner is read. The run file is then loaded and executed. 

Trace output is printed as the program executes. At the end 

of the run a summary report is printed to the screen. The 

trace and summary report is repeated for each of the runs 

specified in the experiment. After the last, run the program 

stops. The time needed to load the run processor and a 

moderately sized model is about 30 seconds. The run time will 

depend greatly upon the model. It takes a second to simulate 

about 50 changes in a discrete model. 
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A.1-2 output Ayailable 

SIMAN can generate many different types of output. I 

have already mentioned the trace and summary reports in "The 

Experiment Frame" on page 128. SIMAN also has an output 

processor that can make printer plots and convert the SIMAN 

output data to a format that can be used by other plotting 

routines. The modeler can also specify output by using 

FORTRAN write statements from within a discrete event. The 

types of output can be split into run time output and the 

output frame. 

A.5.1 Run Time output 

The run time output, except for FORTRAN write 

statements, is controlled by experiment frame elements. See 

Figure A. 16 on page 134 for a list of the output elements. 

The summary report output lists the identifier, the average 

value of the variable, the standard deviation, minimum and 

maximum value, and the length of time the observations were 

made over. The output is grouped into sections defined by the 

experiment elements. If data is written to disk the 

observation time and value of the variable is output every 

time the variable changes. The data from successive runs are 

output to different disk files. 
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The modeler can create a specialized trace for a model 

by coding events that print the status of the system. The 

events are placed in the model frame at critical points so 

it is easy to keep track of the model's progress. Different 

events can be used for different points in the model. 

Events also can be used to generate a specialized 

summary report. The standard summary report can be suppressed 

by not including the PROJECT element in the experiment. 

A.5.2 The Output Frame 

The output frame is used to process data written to disk 

during one or more simulation runs. There are three basic 

types of elements in the output frame: plotting, conversion 

of data for other software and statistical analysis elements. 

All of the elements are listed in Figure A.17 on page 141. 

The plotting elements draw plots on the screen. Special 

graphics are not used, so the plots can be displayed on any 

terminal or printer. The plotting resolution is very low. The 

user can specify the parameters and time range for the 

drawings. Tables can also be generated. 

The DIF and EZPREP elements convert data from the 

internal SIMAN binary form to a format that can be easily 

read by an external graphics program. EZPREP outputs the data 

to files in a FORTRAN E12.5 format. One value is written per 

line, and only one variable is written per file. This data 
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Element Description 

Plotting Elements 

BARCHART Draw a bar chart. 

CORRELOGRAM Draw a correlogram. 

HISTOGRAM Draw a histogram. 

PLOT Draw a plot of time persistent variables. 

TABLE Generate a table of values and display it 
on the screen. 

Conversion of Data for Other Software Elements 

DIF 

EZPREP 

Converts the run data into the DIF format. 

Converts the run data into columns of data 
in FORTRAN E12.5 format. 

statistical Analysis Elements 

FILTER 

INTERVALS 

Generates a filtered data set using batching 
and truncation. 

Constructs confidence intervals. 

Figure A.17 SIMAN Output Frame Elements [41] 
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is in ASCII format and can be easily read by most programs. 

The data is specifically set up to allow direct input into 

the Tektronix PLOTlO Easy Graphing Software. The DIF element 

converts data to the DIF format, which is a standard used by 

many personal computer software packages, including Lotus 

1-2-3 and VisiPlot. The converted data can not only be used 

as input to a plotting program, it can also be used as input 

to almost any post processor, including statistical analysis 

packages. 

The FILTER element will remove the transient portion of 

the data at the beginning of a run and will put the rest of 

the data in batches so that for a non-terminating system, the 

result will be observations that are approximately 

stationary, independent and normally distributed [42]. 

The INTERVALS element generates confidence intervals for 

a specified set of observation variables. 

The output frame can be entered interactively when the 

output processor is running or it can be entered in batch 

form. Either way, the frame is entered in the same format. 

There are no menus in the output processor. The output frame 

must be entered in upper case. The input format is like the 

experiment frame. An element may be repeated as often as 

needed. The output processor uses the output frame elements 

directly, so no translation is needed. The elements are 

executed as they are entered, so further output commands can 

be based on the current output results. 
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When using interactive input, the processor is very 

unforgiving of typing errors. One mistake in the element will 

force the user to type the entire element over again. Some 

of the elements can get quite long and detailed, covering 

several lines. It often takes many tries to get the input 

right. A menu driven input routine would aid considerably. 

.Irut Event Frame 

FORTRAN subroutines can be used for many things in 

SIMAN. They can be used to define the user function (UF) and 

user rule (UR), to initialize and wrap-up runs, to code 

continuous models, to create new SIMAN block functions, and 

to model using the event orientation. Their use in continuous 

models is described in "The Continuous Frame" on page 146. 

SIMAN calls the subroutine PRIME at the beginning of 

each run and the subroutine WRAPUP at the end of each run. A 

null routine is provided by SIMAN so the modeler does not 

have to write these routines if they are not needed. The 

modeler can do any initialization needed and any wrap-up 

using these routines. The PRIME routine is especially useful 

for initializing variables used by any modeler written 

FORTRAN routines. The WRAPUP routine is very useful for 

printing out a specialized summary report. 

The event frame is simulated differently than the model 

frame. Instead of being controlled by the entity, the event 

Introduction to SIMAN 143 



is controlled by the program flow of the FORTRAN routine. The 

routine affects the entity and the system status. Since the 

entity is not controlling the routine, it is easy to 

manipulate more than one entity at a time from an event. The 

drawback to this is that the event is responsible for moving 

the entity around the model and for scheduling when the next 

event should occur. This is taken care of automatically in 

the model frame. 

A complete model could be created using the event 

modeling orientation and SIMAN events. Since it is generally 

easier, quicker and more understandable to use the process 

orientation, the modeler would rarely want to do much work 

using the event orientation. But the event orientation is 

more flexible than the process orientation, so it must be 

used sometimes. SIMAN has a very easy interface between the 

event frame and the model frame. The EVENT block moves the 

entity from the model frame to the event frame. To get from 

the event frame to the model frame, an event may schedule an 

entity to arrive at a station or queue in the model frame. 

One of the largest advantages to using the event frame 

is the ease in which several entities can be manipulated at 

once. Also, complex math is much easier in FORTRAN than in 

the model frame. 

The event frame can be used to create a new model 

function. This is especially useful when the mechanics of the 

function are not important in understanding the model and 
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would only clutter the model frame. The function can be 

"hidden" in the event frame. The new function is invoked by 

the EVENT: N; block in the model frame. When an entity enters 

this block the modeler written subroutine EVENT( L, N ) is 

called, where L is a po.inter to the calling entity and N is 

the event number. The EVENT subroutine can then call the 

subroutine that processes event N. This subroutine can 

perform the new function desired. If the event does not put 

the entity in a file or send it to some other part of the 

model, the entity moves on to the block after the EVENT block 

when the event processing is done. 

All of the SIMAN variables can be read in FORTRAN 

routines. Many functions and subroutines are 

SIMAN that allow the modeler to manipulate 

provided by 

the system. 

Functions are provided to perform file manipulations that are 

impossible to do in the model frame. Also, all of the 

statistical variables, such as average and standard 

deviation, are available during the run. There is one 

routine, LRANK( NR, IFL ), that is listed as available, but 

it is never described in the manual. I have found a 

subroutine and a function that are never mentioned in the 

manual. They are the subroutine SIGNAL( NSIG ) which sends 

signal code NSIG, and the function P( I, J ) which returns 

the value of parameter J of parameter set I. 

Unfortunately, SIMAN does not allow an entity to gain 

the use of resources from within an event. Entities cannot 
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be formed into sets or a set split from an event. This 

restricts the power of the event frame. 

SIMAN allows much flexibility in how a model is 

constructed. Almost all discrete models can be done totally 

in the model frame using the process orientation. All models 

can be done using the event orientation. Most models can be 

done as a combination of the two. This allows the modeler to 

choose the way he feels is best for each model. He is not 

forced into one way by SIMAN. 

The event frame is coded in standard FORTRAN. After the 

events are compiled, they must be linked to all of the SIMAN 

routines. The linker that comes with FORTRAN is used for 

this. This is a very slow process on an IBM PC. A link takes 

over six minutes. This time discourages the use of the event 

frame. The result of the link is a revised run processor that 

is used to input and simulate the run file. 

&J. The continuous Frame 

SIMAN allows continuous models to be simulated. The 

ability to simulate continuous models is intended primarily 

as an add-on to discrete models. The continuous models can 

be run by themselves. A model frame is still required, but 

it can be just BEGIN; and END; statements. The continuous 

frame is written as state and differential equations. In 

state equations a state of the system is represented as a 
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mathematical combination of states, states' derivatives and 

system variables. Differential equations represent the 

derivative of the state as a combination of states, states' 

derivatives and system variables. Both state and derivative 

equations can be used in the same model. 

The model is coded in the FORTRAN subroutine STATE. The 

modeler uses the SIMAN global variables S(I) and D(I) to code 

the state and differential equations. S (I) represents the 

state I and D (I) represents the derivative of the state I. 

The modeler must order the equations so that any variables 

that are needed by a state or differential equation is 

computed before the equation it is used in is computed. The 

modeler can use any feature of FORTRAN to return the states 

and derivatives. This allows the modeler to model 

nonlinearities, such as step inputs. Also, a routine could 

be written that converts a frequency domain input into the 

time domain values needed by SIMAN. 

When the model is simulated, SIMAN uses the 

Runge-Kutta-Fehlberg fourth-fifth order integration 

algorithm to solve the differential equations [ 43]. The 

algorithm uses a variable integration step size. This allows 

the user to specify what accuracy is desired. The step size 

is adjusted to give the desired accuracy with the shortest 

computation time. Other integration methods may be used, but 

they must be coded by the modeler as difference equations in 

the subroutine STATE. 
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Discrete models can directly manipulate the continuous 

states and derivatives to force a change in the continuous 

model. 

The continuous model can affect discrete models in 

several ways. Discrete models can base processing on the 

continuous model's states and derivatives. The modeler can 

also use a DETECT block or an EVENTS experiment element to 

detect when the status of the continuous model reaches a 

predetermined point. (See Figure A.6 on page 117 and 

Figure A.13 on page 131). When the continuous status reaches 

the desired point, an entity is created and moves on from the 

DETECT block or is processed by the specified event. 

To run the continuous model, the subroutine STATE must 

be compiled and then linked to the SIMAN subroutines in the 

same way as, and with any, discrete events. The run times 

depend on the complexity of the model. On an IBM PC, a second 

order system which modeled a sine wave needed four seconds 

to simulate a cycle. 

A..tJl Evaluation .sl.rul Conclusion 

In this section I will provide an evaluation of the 

SIMAN language as a whole. I will discuss the usefulness and 

ease of use of the language. I will finish with an overall 

conclusion on the usefulness of SIMAN. 
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A.8.1 Evaluation of SIMAN 

The SIMAN language is primarily process orientated. 

Models in this orientation are fairly easy to understand. It 

is straight forward to code SIMAN from other algorithmic 

representations of the system. One problem with the process 

orientation in general, is that it is difficult to have two 

entities affect each other. SIMAN has features that make it 

easier to affect one entity with another. In the event 

orientation, there is no difficulty with entities affecting 

each other. So, that orientation could be used for the parts 

of the model where entities affect each other. 

The ability to add events is a very powerful feature. 

Even though most models can be written without using events, 

events can be used for clarity. The details of a process that 

is not that important to the model can be put in an event to 

form a new function. By using these new functions, SIMAN can 

be adapted for specialized modeling easily. The modeler is 

given the choice, in most cases, whether it would be better 

to use the event or model frame to model any part of the 

system. 

Unfortunately, SIMAN does not support all of the model 

frame elements in the event frame. An entity cannot seize or 

use a resource or material handler. 

The separate experiment frame is very useful. It allows 

the modeler to separate the data and simulation commands from 
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the model structure. The user does not have to search through 

the model to find every occurrence of a variable. This makes 

it very easy to change variables and to see what variables 

there are. The modularity allows easy debugging and changes. 

The macro-like capabilities ease typing and program 

length. This is very convenient since systems often have 

several almost identical elements. 

SIMAN restricts which variables can be used for 

indexing. For example, to point to the parameter set only an 

integer value or A{I) is allowed. But, for the global 

variables, A(I) is not a valid index, but Mis allowed. This 

can be very frustrating for the modeler, especially since 

different rules seem to apply for each type of indexing. 

The material handling functions are easy to use and can 

simulate many material handling systems. This makes SIMAN 

especially useful for manufacturing simulations. I don't 

think any other general purpose simulation language has 

material handling functions. 

SIMAN makes it very easy to get useful output. The user 

can specify what is to be output. This ranges from a full or 

partial trace, to a standard summary report, to a complete 

set of run data written to disk. In addition, specialized 

output can be generated in events. The output processor has 

many useful functions, including several ways to graphically 

show the data. It will convert from the internal data form 

to a form that can be read by most non-SIMAN programs. This 
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was designed for high resolution plotting, but the data can 

also be used by a statistical analysis program or other 

post-processor. 

The interactive input of the model is a nice idea. It 

speeds things up by giving immediate feedback on errors, but 

it does not allow the translation step to be bypassed, which 

would speed things up even more. It is also completely 

compatible with batch input, so you can switch back and 

forth. This is especially useful for printouts, which are 

much easier to get in batch mode. 

The output frame is also somewhat interactive. The frame 

could be aided greatly by menus and prompts for inputs. 

Sometimes there are a large number of parameters to enter for 

an output, but these must be entered as a long list with no 

feedback. If one mistake is made the entire command must be 

re-entered. 

The thing that I feel is most lacking in SIMAN is that 

the experiment frame does not allow interactive input at run 

time. The ability to change experiment elements at run time 

would be very convenient and would save enormous amounts of 

time, especially on a personal computer, where the process 

of editing, translating, linking and reloading takes several 

minutes. If the run processor was interactive, changes would 

take just a few keystrokes. 

The diagnostics generated are sometimes good and often 

quite bad. On the good side they offer what the proper syntax 
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is and give a list of possible fixes. On the bad side the 

error message is something like "Invalid Field." This means 

something is wrong someplace. No indication is given as to 

where the problem occurred in the line or how to fix it. 

The documentation is in the form of a book, Introduction 
.t.o. SIMAN, and an installation guide. The documentation is 

usually fairly easy to follow. There are some problems in the 

description of the event frame. It is sometimes difficult to 

find what routines are available and how to use them. 

A.8.2 Conclusion 

Using SIMAN, it is usually easy to get the task done. A simple 

problem can be solved simply with a simple model. Very 

complex problems can still be solved using the same 

framework. The language is very flexible allowing several 

alternatives in modeling most problems. The modeler, not the 

language, decides the best way to model the system. 

SIMAN has many annoying aspects to it. The most notable 

one is that the simulation is not interactive at run time. 

SIMAN seems headed in the right direction with the 

interactive model input and somewhat interactive output 

processor. Most of SIMAN' s flaws can be gotten around with 

patience. The flexibility of the language allows many 

approaches to solving a problem and when one solution is not 
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allowed, it usually does not take long to find another 

solution. 

The different frames of SIMAN combine to form a very 

powerful simulation language. Yet, it is still small and 

efficient enough to run on a moderately equipped personal 

computer with reasonable run times. (A PC with 256K RAM and 

two disk drives is needed). Also, the personal computer 

version is completely compatible with the mainframe version. 

This allows a very flexible working environment for SIMAN. 

Overall, SIMAN provides a powerful and fairly easy to 

use environment for writing and running simulation models. 
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Appendix B 

NOTES .QH USING FORTRAN 

This appendix lists a few observations on the use of 

FORTRAN on an IBM PC. 

Incompatibility Between Different versions Qf. Microsoft 

FORTRAN 

One thing that is very important to know is that the 

object files from different versions of Microsoft (MS) 

FORTRAN are not compatible. This is important when user 

written routines are to be linked to commercial precompiled 

object files or libraries. It is essential that the same 

version of FORTRAN be used to compile the user written 

routines as was used to compile the commercial software. The 

linker will usually print error messages when different 

versions of object code are used. It sometimes does not print 

any error messages, but the linked program will not run 

correctly. 

The source code of the different versions of MS-FORTRAN 

are compatible for the most part. The defaults for the 

compilation are slightly different among the versions and the 

newer versions have some added features that were not in the 

older versions. So, if the source code is available for all 

of the routines to be compiled, there should not be much 
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difficulty in compiling and linking the program under one 

version of FORTRAN. 

JL.Z Compatibility Between Different Models Q.f l1ll!1 

The IBM PC (PC) and IBM PC/XT (XT) are completely 

compatible. Operations will be almost two times faster on the 

XT than on the PC because of the XT' s hard disk, which is 

quicker than a diskette. Operations that do not use disks 

will run the same speed on both machines. 

The IBM PC/AT (AT) is mostly compatible with the PC and 

XT when running MS-FORTRAN programs. As long as the AT has a 

math coprocessor, there does not seem to be any problem 

running programs compiled in MS-FORTRAN on the AT. If the AT 

does not have a math coprocessor, some programs will not run 

on the AT. If the programs were compiled in MS-FORTRAN 3.2, 

they can be relinked using the alternate math library and 

they will run correctly on the AT. 

The AT is about four times faster than the PC and about 

two times faster than the XT. 

Abnormal Exit f.r.Q!n the compiler~ Linker 

Often when a compile or link is aborted early, the 

scratch files on the disk are not closed properly and they 

take up disk space even though they do not show up in the 
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disk's directory. This often occurs when the compiler or 

linker stops because of insufficient memory or disk space. 

To recover the lost disk space the DOS CHKDSK program is used 

with the /F parameter specified. The file(s) created by 

CHKDSK, FILEOO??.CHK, can be deleted from the root directory 

on the disk. 

Notes on Using FORTRAN 156 



Appendix C 

llM USAGE 

This appendix describes how the IBM PC was used to run 

the programs used in the research. The first section provides 

a description of the disk layout used and why. The rest of 

the sections describe how to run the programs. 

k.J. Layout 

This section describes the disk layout used on PCs. The 

default drive is always used to store the user written 

programs and data. The other drive is used to store DOS and 

the application programs. A directory path is set up to point 

to the DOS and application programs' directories. 

This disk layout reduces the number of times a drive 

needs to be specified to almost zero, almost eliminating the 

errors caused by specifying the wrong drive. The major 

disadvantage is that at least part of DOS should be stored 

on the user's disk. However, DOS does not need to be on any 

of the application disks. 

This layout may be set up two ways. The first uses the 

initial default (boot) drive as the user drive. The other set 

up involves setting the default drive after the system is 

booted to the user drive. If the first method is used, the 

user disk must be bootable, taking up more disk space. This 
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method allows custom set up depending on which user disk is 

booted. The second set up forces the user to boot off the same 

disk all of the time, which can be an advantage because the 

initial set up will always be the same, eliminating the 

confusion caused by booting off a disk with an old 

AUTOEXEC.BAT. 

I used the first set up during the research presented 

in this thesis. In retrospect, the second set up may be 

better, but until it has been used for quite a while it is 

hard to tell whether a set up is good. 

I always used a directory structure on the user disks. 

This hides the DOS functions and startup files from the user 

directories. I never use a directory structure on the DOS and 

application disks because this causes problems when the disks 

are swapped, as they often are. DOS versions before 3. 0 do 

not support a directory structure well enough to allow the 

application programs to be in a sub-directory. This sometimes 

causes problems when using a hard disk. A solution is to copy 

the programs that are needed the appropriate directory when 

needed, and erasing them after use. Another solution is to 

move either the application programs or user programs to 

diskette and running off the diskette as well as the hard 

disk. DOS 3.0 fixed this problem for the most part. 
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Translating MSt linking SIMAN models 

I used three simple batch files to translate and link 

SIMAN models. They are identical to the steps suggested in 

the SIMAN Installation Manual for Microcomputers, except they 

run the SIMAN preprocessor listed in the appendix "SIMAN 

Preprocessor" on page 284 before the translation steps. 

To translate the model issue the command: 

MOD fn 

with the disk labeled 11 SIMAN1 11 in drive B. The model 

statements must be in the file fn.MOD in the default 

directory. The output is placed in the file fn.M. The output 

of the preprocessor will be in the file fn.MO. The batch file 

is listed below. 

B:SIMPRE %1.MOD %1.MO 
B:MODEL %1.MO %1.M 

To translate the experiment issue the command: 

EXP fn 

The file fn.EXP is read, preprocessed to fn.EX and output as 

fn.E. The batch file is: 

IBM PC Usage 159 



B:SIMPRE %1.EXP %1.EX 
B:EXPMT %1.EX %1.E 

To link the two translated files together, use the 

command 

LINKS fn 

This invokes the following batch file. 

B:LINKER %1.M %1.E %1.P 

The output file is called fn.P and will be stored in the 

default directory. 

How !2. .l:U.9h Level A.rut Detailed Models 

The high level model is contained in the files with file 

names of HL. They are stored in the directory /HL2. The first 

version of HL is in the directory /HL. These directories are 

on the disk labeled "FMS_HL". The detailed model is 

contained in the files with file names of FMS. They are 

stored in the directory /FMS on the disk "FMS". To run HL 

or FMS, the experiment must be edited to set up the desired 

parameters. If a plot output is desired then the unit numbers 

on the DSTAT element must be specified. If disk output is 

IBM PC Usage 160 



created, no more than five runs can be made before the new 

output wi 11 start to overwrite output from previous runs. 

After the experiment has been set up as desired, the model 

and experiment are translated and linked as described above. 

The model does not need to be translated if it has not been 

changed since the last run. 

The high level model is run by using the batch file HL. 

The batch file FMS is used to run the detailed model. Both 

of these batch files have no parameters. The batch files are 

HL,BAT 

B:FMS HL.P 

EMS.BAT 
B:FMS FMS.P 

The default directory in the A drive must be \HL2 or \FMS, 

depending on which model is to be run. The disk with FMS.EXE 

must be in drive B. Currently the disk labeled "WORK" 

contains the FMS.EXE file. 

When the program is started, a banner message is 

presented displaying the copyright notice. The program pauses 

to allow the user to read the message. Type a carriage return 

to continue with the run. The user is then prompted to see 

if any parameters need to be changed. To change any 

parameters, type in the parameter set number, the parameter 

number and the new parameter value (which may be real). The 

entries should be separated by blanks, not commas. Enter all 

three parameters before pressing the carriage return. As many 
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parameters may be changed as desired. The changes remain in 

effect in any following runs in this invocation of SIMAN. 

Only values in the parameter set may be changed. A new 

(undefined) parameter may not be specified. To start the run 

enter a zero followed by a carriage return. 

Any trace and summary report output will then be sent 

to the screen. To send the output to the printer type a 

Ctrl-PrtSc before the run starts. To send the output to a 

file, invoke the simulation with the command 

B:FMS modn.P > fn.ext 

where modn is either HL or FMS, and fn. ext is the file the 

trace and summary report are sent to. When the output is 

redirected in this manor, nothing shows up on the screen, so 

all of the inputs must be typed blindly. 

Running :thg, .e.l2.1 program 

Before the plot program can be run, the data created 

during the run must be converted to a form that can be read 

by the plot program. This is done using the OUTPT program 

that comes with SIMAN. After the data is converted the plot 

program is run. Use the batch program CP to convert the data 

from the first run and start the plot program. The batch file 

is 
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B:OUTPT.EXE <DATA.CRE 
PAUSE Insert the WORK disk in drive B 
B:PLOTS 

The "SIMANl" disk, which contains the OUTPT program, must be 

in the B drive when this batch file is used. 

The DATA.CRE file contains the OUTPT commands to convert 

the data from the first run to the data that can be read by 

the plot program. The DATA.CRE file is 

BEGIN; 
EZPREP: 20, 76, 77: 

25, 78, 79: 
30, 80, 81: 
35, 82, 83: 
40, 84, 85; 

EZPREP: 45, 86, 87: 
50, 88, 89: 
55, 90, 91: 
60, 92, 93: 
65, 94, 95: 
70, 96, 97; 

END; 

To plot the data from runs other than the first run, the first 

column of DATA.CRE must be changed to point to the data from 

the run to be plotted. To plot the second run the first column 

is changed to 21, 26, 31, ... , 71. To plot the fifth run the 

column is changed to 24, 29, 34, ... , 74. The last two columns 

should not be changed because PLOT expects the data to be in 

the files OUTPUT.76 through OUTPUT.97. 

A sample session of the plot program is shown in 

Figure C. 1 on page 165. The loading of the data takes 
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several minutes. Each time a file is loaded a"." is printed. 

The help menu is then automatically printed. The current 

parameters are shown on the line that starts "Current:". The 

first position indicates the type of plot (M for medium 

resolution screen plot, H for high resolution monochrome 

screen plot, P for plot output on an IBM 749 pen plotter and 

Q for quit the program without plotting) . The second and 

third position show the beginning and ending time of the 

plot. The "T=" position shows the default amount of time to 

be plotted. The last position indicates whether or not a 

y-axis label will be plotted (Y for y-axis label plotting and 

N for no y-axis label plotting. After the status line is 

printed, the user is prompted for an input. To make the plot 

as indicated by the status, type a carriage return. If any 

of the parameters are to be changed, type in the command to 

change the parameter. Once all of the parameters are as 

desired, type a carriage return to see the plot. After the 

plot is done, the default plot time is set to start at the 

time the last plot ended and be for T minutes. 

A plot can be printed on the IBM Graphics Printer. The 

DOS GRAPHICS command must be issued before the plot program 

is started. This command only needs to be issued once per 

boot. To plot to the printer, display a monochrome high 

resolution plot on the screen and press shift-PrtSc. The plot 

on the screen will be copied to the printer. 
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Inputting data . .................... . 
Valid inputs are: 

<CR> to draw a plot 
# [#] to set the begin [and end] plot time[s] 
M for medium resolution color screen plots 
H for high resolution B&W screen plots 
P for plotter plots 
Q to quit the program 
Y for y-axis labels 
N for no y-axis labels 
T# to set the time per plot 
B# to set the beginning plot time 
E# to set the ending plot time 

Current: MB= .0 E= 30.0 T= 30.0 Y 
Enter Option (X for help): b 
Enter the begin plot time: 10 

Current: MB= 10.0 E= 40.0 T= 30.0 Y 
Enter Option (X for help): T 
Enter the time per plot: 60 

Current: MB= 10.0 E= 70.0 T= 60.0 Y 
Enter Option (X for help): e30.5 

Current: MB= 10.0 E= 30.5 T= 60.0 Y 
Enter Option (X for help): p 

Current: PB= 10.0 E= 30.5 T= 60.0 Y 
Enter Option (X for help): <er> 

(Pen plotter plot is drawn from time 10.0 to 30.5) 

Current: PB= 30.5 E= 90.5 T= 60.0 N 
Enter Option (X for help): q 

Current: QB= 30.5 E= 90.5 T= 60.0 N 
Enter Option (X for help): <er> 

Current: QB= 30.5 E= 90.5 T= 60.0 N 
Stop - Program terminated. 

Figure C.1 Sample PLOT Session 
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There are sometimes problems with initialing the pen 

plotter from this program. The plotter can be initialized 

by running a sample plot from another software package before 

starting the PLOT program. 

Compiling FORTRAN 

FORTRAN programs are compiled as described in the 

FORTRAN users manual. I never generated a listing file 

because it adds time to the compilation, takes up disk space 

and provides very little additional information. The error 

messages are all printed to the screen with the line number 

where the error is. This is usually quite sufficient for 

removing the compile errors. A useful batch file for running 

both passes of the compiler is listed below. 

B:FORl %1; 
IF EXIST PASIBF.BIN B:FOR2 

The version of SIMAN used requires that any routines 

that are to be linked to SIMAN be compiled in Microsoft 

Version 3.1 FORTRAN. Any other version of FORTRAN will not 

work! 

The plotting program must be compiled in the same 

version of FORTRAN that the Grafmatic and Plotmatic libraries 

were compiled in. The FORTRAN version used in this research 
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was TI FORTRAN (Microsoft 3.0). It should be very simple to 

upgrade the plot program to Microsoft 3.2 FORTRAN. 

Linking FORTRAN Routines~ SIMAN 

To use any FORTRAN routines in the model, the routines 

must be linked to the SIMAN object code to form a new SIMAN 

run file. This section describes how this is done. 

The routines to be linked must first be compiled using 

the same version of FORTRAN as was used to compile the SIMAN 

routines. The 11 S IMAN Installation Manual II will say what 

version of FORTRAN was used to compile the SIMAN routines. 

The version of SIMAN used in this research was compiled with 

Microsoft 3 .1 FORTRAN. The batch file LFMS is then used to 

link the SIMAN routines to the modeler written routines to 

form FMS.EXE which is used to run both the high level and 

detailed models. The batch file is 

B:LINK EVENT+TRACE+PRIME+@B:SIMAN.RSP,B:FMS/PAUSE,NUL,B: 

The modeler written routines must be in the default directory 

in the A drive. These routines are in the directory \FMSFOR 

on the disk "SIMFOR". The "SIMAN_LIB" disk must be in the B 

drive. This disk contains the 3.1 FORTRAN library and all of 

the SIMAN object modules. The SIMAN.RSP file is a slightly 

modified version of the SIMAN.RSP file that comes with SIMAN. 
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It is modified to look for the SIMAN object modules on the B 

drive. The SIMAN.RSP file used is listed below. 

B:SIMAN+B:SEXEC+B:SEXECA+B:SBLOCK+B:SUTILl+B:SUTILlA+ 
B:SUTIL2+B:SUTIL2A+B:SUTIL3+B:SUTIL3A+B:SUTIL3B+B:RA+ 
B:FNAME+B:XBAN+B:BAN+B:DLIB+B:RANDOM 

Make sure there is at least 20 or 30k bytes free on the 

default (A) drive before attempting the link. The default 

drive is used for temporary storage during the link. The link 

takes about six minutes. There will be several error messages 

about modules being multiply defined, ignore these errors. 

At the end of the link the linker will prompt the user to 

insert the disk the .EXE file will be written orito. At this 

point put the "WORK" disk in the B drive and type a carriage 

return. After the FMS.EXE file is written, it will be usable 

to run the models. 

Linking the~ program 

To link the plot program the LPLOT batch file is used 

after each of the source code files have been compiled. The 

LPLOT batch file is 

B:LINK PLOT+INPUT+SCREEN+ROBOT+MACH+PLOTTER, 
B:/PAUSE,NUL,B:GRAFTI+B:PLOTTI+B:+ 
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This file needs to be on one line; it is split here so it will 

fit within the margins. The object files must be in the 

default directory on the A drive. They are in the directory 

\HLPLOT on the disk "SIMFOR". A disk with the FORTRAN link 

program must be in the B drive. The "TI_FORTRAN" disk is good 

for this. The last plus in the LPLOT batch file causes the 

link program to stop and prompt for more libraries. At this 

point change the disk in the B drive so the "FOR_LIBS" disk 

is in the B drive. This disk has the FORTRAN, GRAFMATIC and 

PLOTMATIC libraries on it. Since the extra plus in the batch 

file was to cause a pause so the disk could be changed, no 

additional library needs to be specified. 

carriage return to start the linker. 

Just type a 

The link takes a long time, so sit back and relax. When 

the link is done, the linker will prompt for the disk the .EXE 

file is to be written onto. At this point put the "WORK" disk 

in drive Band type a carriage return. When the PLOT.EXE file 

has been written to disk, it is ready to be used. 

The current version of the plot program does not have 

the routines for using the pen plotter. This reduces the size 

of the . EXE file and speeds up loading. To link the plot 

routines for this setup the batch file LS is used. The LS 

batch file is 

B:LINK PLOT+INPUT+SCREEN+ROBOT+MACH,B:PLOTS/PAUSE, 
NUL,B:GRAFTI+B:+ 
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Again, this file must fit on one line. The link is performed 

in the same way as for the full plot program. Ignore the 

errors about not being able to find any object modules, we 

have left them out deliberately! This version of the plot 

program is called PLOTS. It runs the same way as the other 

plot program, except it will not drive a pen plotter. 

There is also a batch program, LP, that will create a 

plot program that will only drive the pen plotter. 

conclusion 

This appendix gives an overview of how to run the 

programs developed during this research. Many more batch 

files could be created for specific needs. A possible batch 

file would be one that edits the experiment, translates the 

experiment, links the experiment and model, runs the model, 

converts the output, starts the plot program and then starts 

all over. This would be useful if a large number of runs are 

to be made in a row. The user would only need to swap disks 

when needed and type in the changes to the experiment between 

runs. One thing that must be kept in mind here is that DOS 

does not allow the nesting of batch files. 

All of the batch files listed in this appendix will only 

work with diskettes. When using a hard disk the batch files 

must be rewritten so that instead of pointing to a drive the 

batch files point to a directory. This is much easier to do 
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when using DOS 3.0 or higher. When using DOS 2 the directory 

structure will have to be a little different so all of the 

related object files and libraries will be in the same 

directory. A path must be set up to any program used because 

the directory can not be specified at run time. The other 

major difference between the diskette and hard disk set up 

is that some of the larger directories can be combined on the 

hard disk. The "SIMANl" and "WORK" disks are combined to make 

a \SIMAN directory. All of the libraries and the SIMAN object 

files can be placed in the same directory as the FORTRAN 

compiler that they are associated with. 
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Appendix D 

l::f.l§tt LEVEL MODEL LISTING 

IL...l. HL,DES 

Ht.DES 

by 

Ti11 l'tar-tin 

11/30/84 Ver- Z.2S 

This is a description of a IIIOdel to si111Ulate the Virginia Tech 
Flexible -nufactur-ing syst- at a hig, lavel. The IIIOdel is in 
the files HL. HOD and HL. EXP, and the FORTRAN subroutines are in 

• the files PRIME.FOR and EVENT.FOR. 

Thi• IIIOdel simulates the Virginia Tech Miniature Flexible l'tanufactur-ing 
Syst- IFl1SI at a hig, lavel. The Fl1S consists of four- machining stations, an 
input conveyor- and an exit conveyor-. All par-ts are IIIOU'lted on a pallet before 
they enter- the syst-. Pallets are 1110Ved al"OU'ld the systBII by a robot in the 
center- of the syst-. The .achines and conveyors are equally spaced around the 
robot. ni. layout is shoHn below. The robot has a capacity of one pallet. All 

11achine D 

' 
Exit Conveyor-

/ 
\ I 

11achine C ------Robot------ Input Conveyor-
I 

I 
11achine a 

' ' 11achine A 

machines are different and can not be substituted for- any other- -chine. A 
pallet can only 1n0Ye to a ..chine that is in increasing alphabetical order- fr-o11 
the lllachine the pallet is currently at. This is to prevent a deadlock fr"OIII 
occur-ring. If, for- example, the pallet at 11111C;=hine A rweds to go to machine a and 
the pallet at -chine a needs to go to -chine A a lock~ will occur- and the 
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system will stall. The machine sequence for any pallet type is fixed. The 
processing time for a pallet type on a particular machine is fixed. After 
processing is done on a machine, the machine is b1"0U171t to its home position. 
This time may be considered as an extra random time or it may be considered as 
part of the fixed processing time, !The time should be almost the same from 
pallet to pallet.) There may be any number of pallet types. Specifics about the 
model are explained below. 

The model is written in the simulation language SIHAN. The model consists 
of thr- parts: the SIHAN model frame, the SIHAN experimental frame and FORTRAN 
subprograms. The model frame, stored in HL.HOD, contains the model. The 
experimental frame, stored in HL.EXP, contains the 'experiment• - or data. The 
FORTRAN subprograms, stored in PRIME.FOR and EVENT.FOR, are used to input 
parameters at the begiming of a run and to generate a specialized trace of the 
runs. The model has SIHAN statements that describe how the FHS is cornected 
together and how a pallet is to move through the system. The experiment has 
SIHAN statements that control the simulation and has statements that define the 
variables used in the model. The control statements tall SIHAN how long the 
simulation is to last, the maximun values for many variables, whether or not to 
trace part of the simulation and which variables should be used for statistical 
output. The FORTRAN subprograms are mostly just I/O statements. The FORTRAN 
subprograms must be linked to the SIHAN processor before they can be used. 

The model consists of 6 stations: 

Station 1 is the input conveyor, 
Stations Z-5 are the machine stations, and 
Station 6 is the exit conveyor. 

To move a pallet from one station to another, the robot is requested at the 
currant station. "'1en the robot arrives, a pick is performed. A pick tells the 
robot to pick up the pallet. The pick is modeled simply as a time delay. The 
robot is then moved to the desired station. After arriving at the station, a 
place is performed. A place tells the robot to place the pallet on the machine 
or conveyor. The place is modeled by a time delay. The robot is then released 
so other pallets can use the robot. 

The attributes for all pallets are defined as: 

All) is the time after the start of the simulation that the pallet 
entered the system. 

AIZ) is the type of pallet plus 10. The pallet type defines the 
sequence of machines and processing time for the pallet. 

Al3) is the station the pallet is at. 
A14J is the processing time at station Al3J - This may or may not 

include the time it takes for the machine to go to its home 
position after processing is done. The time to get to its home 
position can be represented as a uniform distribution. 
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AISJ is the runber of work stations the pallet has been to. The input 
and exit conveyors count for this value. 

A16J is used as an index tolhen getting the next processing time and in 
finding the time it takes a machine to get to its home position. 

Al7J is the pallet runber - the pallets are runbered in the order they 
entered the system, starting at one. 

Al8J is the station that a pallet is 1110Ving to. 

The resources HACHINEl1-6 J are used to control the availability of all of 
the stations. If the resource is 1.n1vailable, the machine is busy with a part 
or has a part coming to it. If the resource is available, than the pallet can 
seize the resource and request the robot to IIIOVe it to the station, The output 
conveyor is always available when the robot is free. 

The variable Xll) is used to keep track of the runber of pallets on the 
input conveyor. The number of pallets on the input conveyor is equal to the S\.111 

of the number of pallab in QUEUEllJ and the nunber of busy uiits of HACHINEllJ. 
MACHINE 11 J is the input conveyor, and QUEUE 11 J is the for pallets waiting 
for the input conveyor. 

The variables Xl2-5) are used to indicate that stations 2-5 (machines A-DJ 
are busy. If Xii) is 1, the station is busy with a part. These variables are 
used only to keep statistics on machine utilization. The difference between 
Xii) utilization and HACHINEliJ utilization is the ainou,t machine i is waiting 
for a pallet to arrive or waiting for a pallet to be ramoved. 

The variable Xl7) is used to hold the station the robot is at, or the last 
station the robot was at. This variable is used only for data collection. 

Signal coda l is used to signal when the robot is finished with a 1110Ve, 

The ~s used in the IIIOdal are: 

1-6 Hait for station q to become available 
7 Hait for the robot to pick 1.4> a pallet 
8 Hait for both the station and robot to become available. This 

represents jobs on the task list that need to be processed. 

The para1118tar sets are defined as: 

l is the pallet arrival time mean 11,lJ. 
2 is the cunulative probability that a pallet is of a certain type. 

The odd values in this set are the cunulative probabilities of 
the pallet types in the 8Ven values. There must be an entry in 
this sat for all possible types of pallets. 

3 contains the trace status. If 13,1) is 1, the trace is on. If 
13,1) is O, the trace is off, 
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The rest of parameter set 3 is a sequence of times that represent 
the times when the trace status changes. There must be a change 
at or after the end of the M.n, 

4 is the pick and place times. 14,11 is the pick time and 14,21 is 
the place time. 

5-8 are the minimum and maximum time it takes to get a machine to its 
home position. Parameter set 5 is used for machine A, 6 for B, 7 
for C and 8 for D. li,11 is the minimum, and li,21 is the maximum. 
If both of these values are set to zero, then the time to bring 
the machine to its home position should be included in the 
processing time for each machine. 

9-10 are currently ~sed. 
11 are used to define the machine sequences and processing times on 

each machine for each pallet type. The set used for each pallet 
type is the pallet type nunber plus 10. 
li,1-51 are used for the part sequence. All parts start at 
station 1, so this is assumed and must not be included. Each part 
must end at station 6, and this 111Ust be included in the part 
sequence. 
li,6-101 are used for the processing time on the station stored in 
j-5. A processing time for the exit conveyor 111Ust be specified 
Ii t does not matter what it is I. The processing time may or may 
not include the time it takes for the machine to go to its home 
position after processing is done. See parameter set 3 for 
details. 

The random number streams used are: 

1 is used for the time bet-, pallet arrivals, 
2 is used for the time it takes a machine to get to its home position, 
3 is used to determine the part type. 

Counter nunber 1 is used to count the nunber of pallets that have entered 
the system. This is used to mark the pallet nunber IAl711. 

The trace is generated by calls from the IIIOdel frame to the FORTRAN 
slbprograms. The calls are made using the SIMAN command EVENT: i, where i 
corresponds to the appropriate slbprogram. There is a slbprogram called EVENT 
that maps the SIMAN event numbers to FORTRAN slbprograms. The trace is turned 
on and off using an additional FORTRAN event I Event nunber 6 I. An entity is 
created in PRIME that is scheduled to arrive at event 6 the next time a trace 
status change is to occur. 1-tlenever the entity arrives at the event it changes 
the trace status and gets a new trace change time from parameter set 3. The 
entity's attribute 1 is used to point to the next time delay in parameter set 3. 

Also in PRIME, is a slbprogram to input any changes the user wants in the 
parameter set. Only values in the parameter set can be changed. The change is 
valid only for the current M.n, 

High Level Model Listing 175 



D..t..i HL,MOD 
BEGINJ 
JJJJJJJJJ,,.,,,,,,,,,,,,,,,,,,, •• ,,,,,,,,.,,,.,,,,,,,,,,,,,,,,,,,,,,, • .,,,,,,.,, 

HL.t10D 

by 

Ti• Hartin 

11/30/84 Ver Z.18 

Hodal to si111Ulata the Virginia Tech FHS at a high level. 
S- HL.DES for details. 

J , 

, , , , , , J , , , J , , , , J , , , , , , , , J , , , , , , , J , , , J , , J , , , , J J , , J JJ , J , , , J , , , , J , , J , , , J , J , , , , , , , J , , 
Pallet arrival block 

CREATE: EX 11,1):~ 

HARKI l )J 

COUNT: h 
ASSIGN: Al7) • NCll)J 

Pallets arrive based on an axpona,tial 
distribution l'TI,e -an is stor-ed in Pll,11 
Stora the arrival ti- in Alli 
COl.rlt the nunber- of pallets that hava arrived 
Mark this as tha nth pallet 

ASSIGN: 11 "' h Tha input conveyor- is station l 
ASSIGN: Al31 • lJ Tha pallet is at the input conveyor-
ASSIGN: AIZI • DPIZ,31 + SOJ Find out which pallet type it is. Tha 

types are defined by tha discrete 
distribution table found in parameter- sat Z 

ASSIGN: XI 11 • NQI l I + NRI l I + l J Con.,ute the nunber- of pallets on the 
input conveyor- I include tha arriving pallet I 

EVENT: h 

QUEUE, lJ 
SEIZE: HACHINElllJ 

Trace event l - pallet arrival 

Hait on tha input conveyor- l.ntil tha 
end of tha conveyor- is reached 

J J J HJ HJ J J J J J J J J JJ HJ J J J J J J JJ J J J J HJ J J HJ J J HJ J J JJ J J JJ HJ J J JJ J HJ J H HJ J J HJ J J J , , 
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The following block is used to fflOVe to the next station 

• • 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • 
HOYEON 

• • 

ASSIGN: AIS J • A(S I + 1• Inc......,t the sequa,ce nunber 
ASSIGN: Al8J • Pl Al2J, AISJ h Get the next station nunber 
ASSIGN: Al6 I • AISJ + S• 
ASSIGN: Al <t J = Pl 
ASSIGN: N • A(81• 
EVENT: 2• 

Al2J, 
Index the processing time 

A16J h Get the next processing time 
The next 111achine 1111.1st be a function of N 
Trace eva,t 2, a pallet is ready to fflOVe to 
another station 

CHKSTARB BRANCH, 1: .. Check to s- if both the next station and 
robot are available 

IF, ( NRINJ .LT. NRINJ I .AND. I NTUJ ,EQ, 0 1, 
GETSTARB:.. If so, go to 'GET STation And RoBot' 

ELSE, KT4STARB• 

• 
If not, go to 'HaiT FOR STation And RoBot' 

• 
KT4STAR8 QUEUE, 8• Hait for both the station and robot to 

become available 
HAIT: 1: .. 

NEXT( CHKSTARB h 

• 

The station can only become available after 
the robot has finished a fflOVe 
Every time the robot finishes a fflOVe, check 
to s- if any of the pallets can fflOVe on 

GETSTARB QUEUE, N• Hait for the next 111achine to 
become available SEIZE: NA.CHINE( N >• 

ASSIGN: N = A(3J• 

QUEUE, 7• 
REQUEST: ROBOT• 
ASSIGN: Xl7J = N• 
EVENT: 3• 

DELAY: P14,1 >• 
ASSIGN: Xl71 • N+.5• 

Restore the curra,t station nunber 

Hait for the robot 

The robot is at station N 
Trace event 3 - a pallet is picked up by 
the robot 

Perfor111 a pick 
The robot is leaving station N 

RELEASE: NACHINEINI• The old 111achine is now available 
ASSIGN: Xlll • NQ(lJ + NRllJ• Compute the number of pallets on the 

input conveyor 

TRANSPORT: ROBOT, A181• 11ove the pallet to its next station 
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The machine stations 

STATION, 2-5J 
ASSIGN: Xl7) = HJ 
ASSIGN: A13) = HJ 

DELAY: P14,2 )J 
ASSIGN: Xl71 = H+.25J 

FREE: ROBOTJ 
EVENT: 4J 
SIGNAL: lJ 

ASSIGN: XIH) = lJ 

DELAY: A14h 

ASSIGN: Al61 = H + 3J 

DELAY: UNI A161, 2)J 

ASSIGN: XIH) = O:~ 

NEXTI HOVEON ) J 

The robot is at the current station 
Set Al31 to the current station 

PerfoMII • place 
The robot is dona at station H 

Done with the robot for now 
Trace event 4 - arrival at• machine station 
Tell the world that the robot is done 

Set the machine to busy. Used to find 
the machine utilization. 

Processing time 

Set A16) to the parameter set that has 
the data on how long it takes to 
bring the machine to home 

Delay by the time it takes to bring the 
machine to its home position 

Done with the machine 

Hove on to the next station 

Station 6 is the exit conveyor 

STATION, 6J 
ASSIGN: Xl7) = 6J 

RELEASE: MACHINE( 6 )J 

DELAY: PI 4, 2 l J 
ASSIGN: X17l = 6.25J 

FREE: ROBOTJ 
EVENT: 5J 

The robot is at the exit conveyor 

The output conveyor is not COfflfflitted 

PerfoMft a place 
The robot is done at the exit conveyor 

Done with the robot 
Trace event 5 - A pallet is leaving the system 
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) 

ENDJ 

SIGNAL: lJ 

TALLY:1, INTlll:~ 
DISPOSE) 

Tell the world that the robot is done 

Get time in the system 
The present pallet is done 
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12.J HL,EXP 
BEGIN• 
PROJECT, fl1S HL ttYZ,18 EVZ,Z0, l'tartin, 5/ 7/85• 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

by 

l'tartin 

SI 7/85 Yer Z,Z0 

, 
• 

• 
• • • • 

Thi• e,cperi-,t goes with the that ai111Ulatea the • 
Virginia Tech FHS at a high level. See HL.DES for detaila • 

• 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
J 
DISCRETE, so, .. The -><i- nuroer of concurrent entities 

8, .. The 111a,ci- nl.NNlr of attributN per entity 
8, .. The nl.NNlr of files 
6• .. The nl.NNlr of stations 

J 
REPLICATE, 1, .. The nl.NNlr of N.ns 

0, 7Z00J .. The N.n ti- - Base ia l aecond 
J , 
RESOURCES: 1-6, MACHINE, 
J 
TRANSPORTERS: 1, ROBOT, 

1, 
1, 
0.608, 
1-AJ 

t 
COUNTERS: 1, PALLET Nl-'BERJ 

• , 
DISTANCES: 1, 1-6, 

10,Z0,30,Z0,10/ 
10,Z0,30,Z0/ 

10,Z0,30/ 
10,Z0/ 

.. Transporter l is a robot 
-ith capacity l 
--using distance set 1 
..Yelocity 
.. starting at station 1, ready for service -
.. , Active J 

~O\a1ter nunber one keeps track of the nl.NNlr 
.. of pallets that have entered the syst-

.. Distance set 1 for all atations 11-61 
Gives the distance between all stations 

.. station 1 to station Z, 3, 4, Sand 6 

.. station Z to station 3, 4, Sand 6 

.. station 3 to station 

.. station 4 to station 
4, Sand 6 

S and 6 
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J 
PARAMETERS: 

lOJ 

1, 250: 

--station 5 to station 6 

--Pallet arrival time mean 

C'-911Ulative probability that • pallet is of• certain type 
2, • 25, 1, 

.50, z. 

.75, 3, 
1.00. 4: 

3, o, 

15000,18000, 
18000,18000, 
18000,18000, 
18000,18000: 

4, 23. 25, 
22,5: 

5, o. 0: 

6, o. 0: 

7, O, O: 

8, o. 0: 

--25% are type l 
--25% are type 2 
--25% are type 3 
--25% are type 4 

--The initial trace status I O • No Trace, 
l = Trace On J 

--The time when the trace status changes. 
There must be a change listed at or 
after the encl of the run. There may 
be any number of changes during• run 

--The pick time 
--The place time 

--The mininu11 and inaxinu11 time it takes to 
get to inachine A's home position 

--The mininu11 and inaximun time it takes to 
get to -chine B's home position 

--The mininu11 and Maximun time it takes to 
get to machine C's home position 

--The mininu11 and maxifflUIII time it takes to 
get to machine D's home position 

Parameter sets 9-50 are -..iused 

Define the machine sequences and processing times on each machine 
for the different pallet types 

51, z. 3, 4, 6, o. --Machine sequence for pallet type l 
190, 120, 240, 0: --Processing times for pallet type l 

190 seconds on machine Z, 120s on machine 3, 240s on 
machine 4 and then exit to machine 6 -the exit conveyor 

52, 2, 6, o. o. o. --Machine sequence for pallet type 2 
190, 0: --Processing times for pallet type z 

53, 3, 6, o. o. o. --Machine sequence for pallet type 3 
120, 0: --Processing times for pallet type 3 

54, 4, 6, o. o. o. --Machine sequence for pallet type 4 
240, OJ --Processing times for pallet type 4 

More pallet types can be added by changing the cunulative 
probabilities of the different pallet types to include the new 
pallet typelsl, and then adding the machine sequence/processing 
times to the encl of the parameter list. 
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' RAN<INGS: 1-8, LVFll >, ~Process the pallets based in the order in which 
they came into the systGffl, (Order the entities 
in the queues based on low value of attribute 1 
first. ) 

' ' TALLIES: 1, IN SYSTEM TIHE, ~For -ch finished pallet, find out how long 
it-sin the syst8ffl 

' Collect statistics on the following time varying parameters: 

' DSTAT: 
Output the changes to the file nunbers specified - OUTPUT.nn 

1, XI 2 J, 
2, NRI 2 J, 
3, XI 3), 
4, NRI 3 J, 
5, Xl4), 
6, NRl4J, 
7, XI 5 J, 
8, NRI 5 J, 
9, NTll), 
10, Xll), 
11,NQ18), 
12, XI 7 J, 

' 

Station A Util., 20: 
Station A C011111it, 25: 
Station B Util,, 30: 
station B C011111it, 35: 
Station C Util., 40: 
Station C C0111111it, 45: 
Station D Util., 50: 
Station D C011111it, 55: 
Robot Utilizatn, 60: 
I on Conveyor, 65: 
1Hait4 Rbt & Stn: 
Robot Position, 10, --Used only for plotting 

INITIALIZE, Xl7)=1.2, ~The robot starts at station nunber 1 

' SEEDS: 

' END, 

1,374,: 
2, , : 

3,766,, 

~Initialize the random number streams: 
~stream 1 is used for the time between pallet arrivals 
~stream 2 is used for the time it takes a machine to 

get to its home position 
~stream 3 is used to deteM11ine the part type 
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Appendix E 

li.li.H LEVEL fJ.2I LISTINGS 

.EJ PLOT.FOR 
tsTORAG£1Z 
C 
C 
C PLOT.FOR 
C 
C by 
C 

C Ti• Nartin 
C 
C 11/ 8/84 
C 
C Thia plots the output data fr-oa the SIHAN aodel HLZ 
C 
C 

C 
C 
C The -in prog,... calla the s\.broutirwa necessary to do the 
C plotting 
C 
C Ver 1,05 10/31/84 
C 
C 

HNCLUOE I 'PLOTCott. FOR I 

C Initialize the plotting options 
TYPE• S 
BPTIHE c 0.0 
THPSCR • 30.0 
EPTIHE • 0,0 
YL.ABEL • •y I 

C Ir"4)Ut -,d convert the,...., data into plot data 
CALL INPUT 

C Proinpt the user to •- if t.. wants to continue, -,d if so, 
C what he wants done next 

10 CALL PRottPT 
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C Do Nhat the user wants 
GOTO I 20, 20, 30, 40 J TYPE 

C Put• plot on 
20 CALL SCREEN 

GOTO 10 

C Put • plot on the IBN 749 plotter 
30 CALL PLOTER 

GOTO 10 

C c1-r screen and quit 
40 CALL QSMODEl2J 

STOP 

END 

SUBROUTINE PROtlPT 
C 
C 
C PROtlPT allows user to Hy Nhat he wants to do next. 
C The options are• inediut resolution sc,..., plot,• hig, 
C resolution plot,• plotter plot and to quit. If 
C user is not quitting he can -,tar period he 
C wants to plot. Or he can plot the next default period 
C or he can change defaults. 
C 
C Ver 2,03 11/ 2/84 
C 
C 

tINCLUDE: 'PLOTCON.FOR' 

REAL BPHIN, EPHIN 

LOGICAL•2 CHANGE, SETBPT, SETEPT 

CHARACTER•80 LINE 

C Initialize data for input 
BPHIN = BPTIHE/60. 
EPHIN • EPTIHE/60. 
SETBPT = .FALSE. 
SETEPT • ,FALSE. 

C Check to•- Nhat type the last plot was 
IF I TYPE ,NE. 3 J THEN 
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C 

C 

C 

C 

C 

ELSE 

It was a sc....,, plot 
IF C TYPE ,EQ, 5 J THEN 

ELSE 

ENDIF 

This is the first plot, print the options allowed 
TYPE• 1 
HRITEC LINE, 'IA80J' J 'X' 
CALL GETINI LINE, CHANGE, SETBPT, SETEPT, BPHIN, EPHIN J 

Hove the cursor to the bottoa of the sc....,, 
CALL QCHOYI 0, 1 J 

Input on the plot sc,..., without a pl"'Olllpt 
READI *, 'I A80 J' J LINE 
CALL GETINI LINE, CHANGE, SETBPT, SETEPT, BPHIN, EPHIN J 

The last plot was a pen plotter plot, print the status 
HRITE I LINE , • IA80 ) • J • p • 
CALL GETINC LINE, CHANGE, SETBPT, SETEPT, BPHIN, EPHIN J 

ENDIF 

C Input options u,til just• carriage retum is entered 
10 HRITEI*, 100 J 
100 FORHATI • ', 'Enter Option IX for helpJ1 ',,) 

READI*, 'IA80J' J LINE 
CALL GETINC LINE, CHANGE, SETBPT, SETEPT, BPHIN, EPHIN J 

C Check to•- if an option was entered 
IF C CHANGE ) GOTO 10 

C Check to s- which defaults to use 
IF I .NOT. SETBPT J .AND. I .NOT. SETEPT) ) BPHIN • EPHIN 
IF I .NOT. SETBPT ) ,AND. I SETEPT ) ) BPHIN • EPHIN - THPSCR 
IF .NOT. SETEPT ) EPHIN • BPHIN + THPSCR 

BPTIHE • 8PHIN*60 
EPTIHE • EPHIN*60 

RETURN 

END 
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C 
C 

SUBROUTlNE GETINI LINE, CHANGE, SETBPT, SETEPT, BPHIN, EPHIN J 

C GETIN interprets LINE to s- if any valid C0111118nds were -,tared, 
C If a valid connand -s -,tared the 0011111and is processed and 
C CHANGE is returned TRUE. If an invalid connand is entered,• 
C list of valid 0011111ands is printed and CHANGE is returned TRUE. 
C If just a blank line is -,tared CHANGE is returned FALSE, 
C 

C 
C 
C 

Yer: 1.01 10/31/84 

•INCLUDE: 'PLOTC0t1,FOR' 

REAL BPHIN, EPHIN, OBPNIN, OEPNIN 

INTEGER•2 PTR, EPTR, PTRl 

CHARACTER•80 LINE 

CHARACTER•l CHRI 80 J, CTYPE 

LOGICAL•2 CHANGE, SETBPT, SETEPT 

CHANGE• .TRUE. 

C Convert the line input into an array of characters 
READI LINE, '180Al)' JI CHRIPTRlJ, PTRl • 1, 80 J 

C Find the first non-blank character 
DO 10 PTR • 1, 80 

10 IF I CHRIPTR) ,NE. ' ' J GOTO 20 

C The line -s blark, retum with CHANGE equal FALSE 
CHANGE• ,FALSE, 
GOTO 30 

C Decode the option 

C 

C 

20 IF I CHRIPTRJ ,EQ. 'Y' J .OR, I CHRIPTRJ ,EQ, 'y' J ) THEN 

Put y-axis labels on the plot 
YLABEL • 'Y' 

ELSEIF I I CHRIPTRJ ,EQ. 'N' J .OR, I CHRIPTRJ ,EQ, 'n' J J THEN 

Don't put y-axis labels on the plot 
YLABEL = 'N' 

ELSEIF I I CHRIPTRJ .EQ. 'N' J ,OR, I CHRIPTRJ ,EQ, J J THEN 
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C 

C 

C 

C 

C 

C 

C 

C 

C 

100 
l 
2 

Go to inadiuni resolution color screen plot IIIOde 
TYPE• l 

ELSEIF I I CHRIPTRI .EQ. 'H' I .OR. I CHRIPTRI .EQ. 'h' I I THEN 

Go to high resolution black and "'1ite screen plot mode 
TYPE= 2 

ELSEIF I I CHRIPTRI .EQ. 'P' I .OR. I CHRIPTRI .EQ. 'p' I I THEN 

Go to pen plotter plot mode 
TYPE s 3 

ELSEIF I I CHRIPTR) .EQ. 'Q' ) .OR. I CHRIPTRI .EQ. 'q' ) I THEN 

Quit the n.n 
TYPE• 4 

ELSEIF I I CHRIPTRJ .EQ. 'T' I .OR. I CHRIPTRJ .EQ. •t• I I THEN 

Change the default time per plot 
CALL GETIIJ11 CHR, PTR+l, 'ti- per plot: ', THPSCR, EPTR I 

ELSEIF I I CHRIPTRJ .EQ. '8' I .OR. I CHRIPTRI .EQ. 'b' I I THEN 

Set the begin plot time 
CALL GETIIJ11 CHR, PTR+l, 'begin plot time: ', BP11IN, EPTR I 
SETBPT • .TRUE. 

ELSEIF I I CHRIPTRI .EQ. 'E' I .OR. I CHRIPTRJ .EQ. 'e' I I THEN 

Set the end plot time 
CALL GETIIJ11 CHR, PTR+l, 'end plot time: I' EPHIN, EPTR ) 
SETEPT • .TRUE. 

ELSEIF I I CHRIPTRI .GE. '0' I .ANO. I CHRIPTRI .LE. '9' I I THEN 

ELSE 

Set the begin and -ybe the end plot timelsl 
CALL GETIIJ11 CHR, PTR, 'begin plot time: ', BPHIN, EPTR 
SETBPT = .TRUE. 
CALL GETNUHI CHR, EPTR, 'RETURN 
IF I PTR .LE. 80 I SETEPT = .TRUE. 

Print the options available 
HRITEl•,1001 

I, EPHIN, PTR 

FORHATI 'O', 'Valid il'"4)'.lts are:'/' ' ' <CR> to draw a', 
'plot'/' ', ' I [I] to set the begin [and end] ', 
'plot time[s]' /' ' ' H for inadi1.811 resolution color' 
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3 
4 
.5 
6 
7 
8 
9 

ENDIF 

,' screen plots'/• •, • H for hig-i resolution B&H • 
'screen plots'/• ', • P for plotter plots'/• ', 

Q to quit progra•• / • ', • Y for y-axis• 
'labels'/• •, ' N for no y-axis labels'/• ', 

T• to sat par plot•/ S. to sat• 
'the begiming plot time'/• • E• to set 
'-,ding plot > 

C Print currant status 
C Check to s- which defaults to use 

30 OBPHIN = BPHIN 
OEPHIN = EPHIN 
IF I .NOT. SETBPT ) .ANO. I .NOT. SETEPT) ) OBPHIN = OEPHIN 
IF I .NOT. SETBPT ) .ANO. I SETEPT J J OBPHIN = OEPHIN - THPSCR 
IF .NOT. SETEPT J OEPHIN = OBPHIN + THPSCR 

C Convert TYPE to character 
CTYPE = 'H' 
IF TYPE .EQ. 2 J CTYPE = 'H' 
IF TYPE .EQ, 3 J CTYPE • 'P' 
IF TYPE .EQ. 4 J CTYPE • 'Q' 

C Print currant status 
HRITEl•,2001 CTYPE, OBPHIN, OEPHIN, THPSCR, YLABEL 

ZOO FORHATI '0', 'Currait: • Al, • 8=', F6.1, • E=', F6.l, 
1 'T=', F6.1,' ', Al J 

RETURN 

END 

Sl.8ROUTINE GETN.ltl CHR, STPTR, LABEL, VALUE, PTR J 
C 
C 
C GETN.lt checks to s- if there is• real 1'11.111ber in array CHR, 
C and if there is returns l"IUlmer in VALUE. If there is not• 
C real 1'11.111ber in CHR, one is input from the tanninal, unless LABEL 
C is RET\JRN, in which case sl.broutine is exited without changing 
C VALUE. 
C 
C 
C 
C 

Ver: 1.04 

REAL VALUE 

11/ 8/84 

INTEGER•Z STPTR, PTR, PTRZ, PTR3 
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CHARACTER*l CHRl80J 

CHARACTER•80 LINE 

CHARACTER•17 LABEL 

C Find the first non-blank character 
10 DO 20 PTR • STPTR, 80 
20 IF I CHRIPTRJ ,NE. ' ' J GOTO 40 

C The li,- was blari(, input•,,.. li,- u,lesa LABEL is RETURN 
30 PTR :r 81 

IF I LABEL .EQ. 'RETURN ' J RETURN 

HRITEl•,100) LABEL 
100 FORMAT( ' ', 'Enter the', A17,, J 

READI ., 'I ABO) I ) LINE 

C Convert the input li,- into • character vector 
READI LINE, '180A1J' JI CHRIPTR3J, PTR3 • 1, 80 J 
STPTR • 1 
GOTO 10 

C Check for illegal characters u,til the next blari( 
40 STPTR • PTR 

DO SO PTR :r STPTR, 80 
IF I CHRIPTRJ .EQ, ' ' J GOTO 60 

SO IF I I I CHRIPTRJ ,LT, '0' J ,AND, I CHRIPTRJ .NE.•,• J J 
1 ,OR, I CHRIPTRJ ,GT, '9' J ) GOTO 30 

C Valid real runber, convert fl"'OII an ASCII to an ASCII 
C variable 

C 
C 

60 HRITEI LINE, 'IBOAlJ' ) '0', I CHRIPTR2J, PTR2 :r STPTR, PTR-1 J 

This li,- is needed I for an \IW1CN'I reason!?!?) to -ke the 
following li,- work 

HRITEI *,200) 
200 FORMAT( '+', ' ' J 

C Convert fl"'OIII an ASCII variable to• real runber 
READI LINE,• J VALUE 

RETURN 

END 
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L..z INPUT.FOR 
tSTORAGE:Z 

C 

C 
C INP\JT.FOR 
C 
C by 
C 
C Ti• Hartin 
C 
C 11/19/84 
C 
C These are the input sl.broutines for PLOT. FOR 
C 

C 

SlBROUTINE IHP\IT 
C 
C Inputs the output of the SINAH .odel and converts the data 
C into• that is -sily plotable 
C 

C 

C 
Ver 1.03 10/24/84 

tINCLUDE1 't10DELCOl1.FOR' 

HRITEf•,100) 
100 FORHATI ' •, 'Inputting data•,, J 

C Input and convert the -chine utilization and -chine 
C COIIIIII i t-,t data 

CALL INCON1( 
CALL INCON11 
CALL INCON1f 
CALL INCCH11 

'A I, 
'B' • 
'C', 
'D', 

KJPA, 
KJPB, 
tfJPC, 
KJPD, 

t-1.JPA, HCPA, 
t-1.JPB, HCPB, 
taJPC, HCPC, 
taJPO, HCPD, 

C Input and convert the robot data 

CALL INCONR 

NCPA 
NCPB 
NCPC 
NCPD 

C Input the .....-,.r of pallats on the conveyor data 

CALL INCtNY 

HRITEl•,•J 
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C 

RET\JRN 
END 

Sl.6ROUTINE IHCCHU 11ACH, tlJP, MJP, HCP, HCP J 

C IHCON1 converts the 'raw' -chine utilization and C011111it-t 
C data into the plot data for -chine utilization and machine 
C C0111111itmant. 
C 

C Ver 1,04 11/19/84 
C 

REAL t«JPC500J, HCPC500J, HUClOOOJ, KIT'ClOOOl, HCClOOOl, HCTllOOOI 

CHARACTER•l 11ACH 
CHARACTER•9 flft.l, flft.lT, FN11C, FNl1CT 

INTEGER*Z MJP, HCP, tffJ, N11C, 11ACHN, DUflV 

C Define the file na..s 

11ACHN = IICHARI 11ACH) - 651*4 + 76 
HRITE I FtffJ, 100 I 11ACHN 
HRITEI FtffJT, 100 I 11ACHN+l 
HRITEI FN11C, 100 I MACHN+Z 
HRITEI FN1CT, 100 J 11ACHN+3 

100 FORHATI 'OUTPUT,', 12 I 

C Set uP the input files 

OPENI 3, FILE=FtffJ, STATUS='OLD' 
OPENI 4, FILE=FtffJT, STATUS='OLD' I 
OPENI 5, FILE=Ft11C, STATUS='OLD' J 
OPENI 6, FILE=FN1CT, STATUS='OLD' I 

CALL INFILEI 3, HU, tffJ J 
CALL INFILEI 4, KIT, DlfflY 
CALL INFILEI 5, HC, Nl1C I 
CALL INFILEI 6, HCT, DU1MY 

C Convert the machine utility data 

CALL CONJTLI HU, KIT, tffJ, tlJP, MJP 

C Convert the -chine connitmant data 
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CALL CONCOtU HC, HCT, N1C, ti.IP, NJP, HCP, NCP J 

C Close the il'1",lt files 

CLOSE 13 J 
CLOSE 14) 
CLOSE ISJ 
CLOSE 16 J 

RETURN 
END 

SlBROUTINE CONUTLI KJ, KJT, tftJ, ti.IP, NJP J 
C 
C COl'IJLT converts ttw raw nachine utilization data into plot 
C data. The -chine is utilized fro11 f'IJPlkJ to f'IJPlk+lJ -re 
C k is odd. 
C 
C 

C 
Yer 1.02 11/19/84 

REAL KJISOOJ, KJTllOOOJ, f'IJPllOOOJ 

INTEGER•2 N«J, NJP, PTRKJ, PTRKJT 

PTRKJ • 1 

C Find the first utilization period 

10 IF I KJIPTRKJJ .EQ. 1 J GOTO 20 
PTRKJ = PTRKJ + 1 
IF I PTRKJ .LT. tftJ J GOTO 10 

C There is no utilized period 
NJP = 0 
RETURN 

20 NJP • 0 

C Take 2, skip 2 to ttw end of KJT 

DO 30 PTRKJT = PTRKJ, N«J, 4 

KJPI NJP+l J = KJTI PTRKJT 
KJPI NJP+2 J • KJTI PTRKJT + 1 J 

30 NJP • NJP + 2 

RETURN 
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END 

SUBROUTINE CONC0t11 MC, MCT, NMC, f'IJP, NUP, HCP, NCP J 
C 
C CONC0t1 converts the raw machine connit-,t data and the 
C machine utilization plot data into machine connit-,t plot 
C data. For the plot data the machine is not connitted when 
C when the 18chine is utilized. (This is to prava,t two 
C things fro111 being plotted at the same place. J 
C 

C Ver 1.04 11/19/84 
C 

REAL MCISOOJ, MCTllOOOJ, f'IJPllOOOJ, MCPllOOOJ 

INTEGER*2 NMC, NUP, NCP, PTRNC, PTRHUP 

PTRNC s 1 

C Find the first connitted period 
10 IF ( MCIPTRMCJ ,EQ. 1 J GOTO 20 

PTRNC • PTRNC + 1 
IF I PTRNC ,LT, NMC J GOTO 10 

C There is no C011111i tted period 
NCP = 0 
RETURN 

20 PTRHUP s 1 
NCP = 0 

C Check to s- if there are any utilized periods 
IF I NUP ,EQ, 0 J GOTO 30 

C See if the first C0ffllllitted period is totally disjoint fro111 the 
C first utilized period 

IF I MCTIPTRMC+lJ .LT. l'lJPllJ J THEN 
MCPll J = MCTI PTRMC J 

ENDIF 

MCPl2J = MCTIPTRMC+lJ 
NCP = 2 
PTRMC = PTRMC + 4 
GOTO 30 

C Check to s- if the first part of the first 0011111itted period 
C is also part of the first utilized period 

IF I MCTIPTRNCJ ,LT, l'lJPllJ J GOTO 30 
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C If it is, the first C0111111itted only period follows the utilized 
C period 

HCPll J = HUPI 2 J 
HCPl2) = HCTIPTRHC+l) 
PTRHUP = 3 
PTRHC • PTRHC + 4 
NCP = 2 

C Take 2 from HCT, skip 2. Betwe.\ the 2 taken fro111 HCT, put 
C 2 values fro111 HUP 

30 HCP( NCP+l) • HCTI PTRHC) 

C Check to •- if there are any 1110re utilized periods 
IF I PTRKJP .GT. NUP ) GOTO 40 

HCP( NCP+2 J • HUPI PTRJ-UI J 
HCPINCP+3) • HUPIPTRKJP+l) 
HCPINCP+4J = HCTIPTRHC+l) 
PTRHC = PTRHC + 4 
PTRHUP = PTRKJP + 2 
NCP = NCP + 4 

IF PTRHC .LT. N1C J GOTO 30 

IF HCPINCP-1) .EQ. HCPINCPJ ) NCP • NCP - 2 

RETURN 

C If there are no 1110r• utilized periods, this has to be the 
C last c011111itted period 

40 NCP = NCP + 2 
HCPINCPJ • HCTIPTR11C+l) 

RETURN 

END 

SUBROUTINE INCONR 
C 
C 
C INCONR inputs the raw robot utility and position data and 
C converts it to data that will be used to plot where the robot 
C is, and what the status of the robot is. The robot has three 
C status conditions: idle, moving without carrying • pallet 
C and moving while carrying • pallet. 
C 
C 
C 
C 

Var 1.06 11/19/84 
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$INCLUDE: 'HODELCC11.FOR' 

REAL RUllOOOJ, RUTllOOOJ, RPllOOO), RPTllOOO) 

INTEGER*2 NRU, NRP, DutflY 

C Open the files to be input 
OPEN( 3, FILE='Ol/TPUT.92', STATUS='OLD' 
OPEN( 4, FILE='Ol/TPUT.93', STATUS='OLD' 
OPEN( 5, FILE='Ol/TPUT.96', STATUS='OLD' 
OPEN( 6, FILE='Ol/TPUT,97', STATUS='OLD' 

C Read the data 
CALL INFILEI 3, RU, NRU I 
CALL INFILEI 4, RUT, DutflY 
CALL INFILEI 5, RP, NRP ) 
CALL INFILEI 6, RPT, DutflY 

C Find out when the robot is carrying a pallet 
CALL CONCRYI RU, RUT, RP, RPT, NRP, RCARYT, RCARYP, NRCARY I 

C Find when the robot is idle 
CALL CONIDLI RU, RUT, NRU, RCARYT, RCARYP, RPlll, 

1 RIDLET, RIDLEP, NRIDLE ) 

C Find when the robot is 1110Ving without• pallet 
CALL CONHOVI RU, RUT, NRU, RCARYT, RCARYP, NRCARY, RPll), 

1 RHOVET, RHOVEP, NRHOVE ) 

C Close the input files 

C 
C 

CLOSEl3J 
CLOSE I 41 
CLOSE15) 
CLOSEl6) 

RETURN 
END 

SUSROl/TINE CONCRYI RU, RUT, RP, RPT, NRP, 
1 RCARYT, RCARYP, NRCARY I 

C CONCRY converts the input data into a list of robot position 
C and time when the robot is busy carrying a pallet. The robot 
C always carries• pallet for exactly thr- line segments. The 
C segments are pick, move and place. Four data points are needed 
C to represent the three segments. Therefore the output data 
C is grouped into sets of 4 data points, with -ch sat 

High Level Plot Listings 195 



C r-epresanting • complete carry by the robot, If the first or 
C last carry is not complete, then it is filled with ~nt 
C known data to make • set of four data points. 
C 
C 
C 
C 

Ver 1.03 11/19/84 

REAL RUllOOOJ, RUTllOOOJ, RPllOOOJ, RPTllOOOJ, RCARYTISOOJ 

INTEGER•2 NRP, RCARYPISOOJ, NRCARY, PTRRU, PTRRP 

PTRRU = 2 

C Find the end of the first carry period 
10 IF I I RUIPTRRU-1) ,EQ, l, ) .ANO. I RUIPTRRU) ,EQ, l, ) ) GOTO 20 

PTRRU = PTRRU + l 
GOTO 10 

C Hork backwards fl"'OIII RUTIPTRRUJ to get the first carry period 
20 PTRRP • l 

C Find where in RP the fist carry period ends 
30 IF I RPTIPTRRPJ .GE. RUTIPTRRU) ) GOTO 40 

PTRRP = PTRRP + l 
GOTO 30 

40 RCARYTl4J • RPTIPTRRPJ 
RCARYP14J • RPIPTRRPJ 
RCARYTl3) • RPTIPTRRP-1) 
RCARYP13J • RPIPTRRP-lJ 

C Cheek to•- if the first carry period is complete 
IF I PTRRP .GE. 6 J THEN 

C The first period is complete, save the data 
RCARYTl2J = RPTIPTRRP-4) 
RCARYPIZJ = RPIPTRRP-41 
RCARYTlll = RPTIPTRRP-5) 
RCARYPll) = RPIPTRRP-SJ 

ELSE 

C The first period is not complete, find out how IIIUCh data is 
C missing and pad as needed I the earliest known data is used 
C for the data 

IF I PTRRP .GE. 4 ) THEN 
RCARYTl2J = RPTIPTRRP-3) 
RCARYPl2J = RPIPTRRP-3) 

ELSE 
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ENDIF 

RCARYTIZJ = RCARYTl3) 
RCARYPIZJ = RCARYPl3) 

ENDIF 
RCARYTll) = RCARYTIZ) 
RCARYPll) = RCARYPIZJ 

C Set up for the -in loop 

NRCARY = 4 
PTRRP = PTRRP + 8 

C 
C Take Z from RP and RPT, threw Z -Y• take Z, threw Z -y 
C 

C Check for the -,cl of the input 
50 IF I PTRRP .GT. NRP ) GOTO 60 

RCARYTINRCARY+l) = RPTI PTRRP-5) 
RCARYTINRCARY+ZI = RPTIPTRRP-41 
RCARYTINRCARY+3) = RPTI PTRRP-1) 
RCARYTINRCARY+4) • RPTI PTRRP ) 
RCARYPINRCARY+l) • RPIPTRRP-5) 
RCARYPINRCARY+Z) = RPI PTRRP-4) 
RCARYPINRCARY+3) = RPIPTRRP-1) 
RCARYPINRCARY+4) • RPIPTRRPJ 

NRCARY = NRCARY + 4 
PTRRP = PTRRP + 8 
GOTO 50 

C Find the final values 
60 IF I I PTRRP - 4 J .GT, NRP J GOTO 70 

C If there is a partial period left, save it and pad with the 
C last known data 

RCARYTINRCARY+ll = RPTIPTRRP-5) 
RCARYTINRCARY+2) = RPTIPTRRP-41 
RCARYTINRCARY+31 = RCARYTINRCARY+2J 
RCARYTINRCARY+41 = RCARYTINRCARY+2J 
RCARYPINRCARY+ll = RPIPTRRP-5) 
RCARYPINRCARY+ZJ = RPIPTRRP-41 
RCARYPINRCARY+31 = RCARYPINRCARY+2J 
RCARYPINRCARY+4) = RCARYPINRCARY+2J 

NRCARY • NRCARY + 4 

70 RETURN 

ENO 
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~ROUTINE CONIDLI RU, RUT, NRU, RCARYT, RCARYP, RPl, 
1 RIDLET, RIDLEP, NRIDLE l 

C 

C 
C CONIDL uses the robot utility data to find when the robot is 
C idle. The data in RCARY is used to find ...twre the robot -s 
C when it was idle. 
C 
C 
C 
C 

Ver 1.03 11/19/84 

REAL RUllOOO), RUTllOOOl, RCARYTISOOl, RIDLETISOOl, RPl 

INTEGER*2 NRU, RCARYPISOOl, RIDLEPISOOJ, NRIDLE, PTRRU, PTRRCY 

NRIDLE • 0 

C Check to s- if the initial position is in RCARY 
IF I RUil) .EQ. O. ) THEN 

C If it is not, use the first value in RP as the initial position 
RIDLETlll = RUTlll 
RIDLETl2J = RUTl2) 
RIDLEPllJ = RPl 
RIDLEPl2) • RIDLEPlll 

NRIDLE • 2 

ENDIF 

PTRRCY • 4 

C 
C The main loop. Go through RU by 2'• 
C 

DO 30 PTRRU • 3, NRU, 2 

C Check to s- if the robot is idle 
IF I RUI PTRRU J • EQ. O. J THEN 

RIDLETINRIDLE+l) • RUTIPTRRUJ 
RIDLETINRIDLE+2J = RUTIPTRRU+ll 

C Find the position the robot was in when it was idle 
10 IF I RCARYTIPTRRCY) .GE. RIDLETINRIDLE+ll ) GOTO 20 
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C 
C 

zo 

ENDIF 

PTRRCY • PTRRCY + 4 
GOTO 10 

RIDLEPCNRIDLE+l) • RCARYPIPTRRCY) 
RIDLEPINRIDLE+ZI = RIDLEPINRIDLE+l) 

NRIDLE • NRIDLE + Z 

30 CONTIHJE 

REruRN 

ENO 

SUBROUTINE COM1CJVI RU, RUT, NRU, RCARYT, RCARYP, NRCARY, RPl, 
1 RHOVET, RHOVEP, NRHOVE I 

C COM1CJV finds when tha robot is fflOVing without a pallet. 
C This is only occurs before a robot picks~ a pallet at a 
C station different fro111 tha station it last left a pallet at. 
C The 1110Ve data is stored in RHOVE in pairs, with tha odd vali»s 
C tha start of a 1110Va and tha even values tha and of a fflOVa, 
C (The 1110Va is al-ys just a line segment.> 
C 
C 
C 
C 

C 

Var Z.03 11/19/84 

REAL RUllOOO), RUTllOOOI, RCARYTl5001, RHOVETC500), RPl 

INTEGER•Z RCARYPC500), RHOVEPC500), NRHOVE, PTRRU, PTRRCY, NRCARY, 
1 NRU 

C Check tha initial condition 
C 

NRHOVE • 0 
PTRRU • 1 

C Find when tha robot is first busy 
10 IF C RUI PTRRUJ ,EQ. 1. l GOTO ZO 

PTRRU = PTRRU + Z 
GOTO 10 

C Sea if tha robot -s busy before the first carry period 
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20 IF I RUTIPTRRUJ .LT, RCARYTllJ J THEN 

C It was, so it 1110Yad without a pallet before the first carry 
RHOVETI l J • RUTI PTRRU J 
RHOVETl2J • RCARYTllJ 
RHOVEP(l) • RPl 
RHOVEPl2J • RCARYPllJ 

NRHOVE = 2 

ENOIF 

C 
C The -in pr-ogr-ui loop - go th..-oud°I RCARYP 
C 

00 50 PTRRCY • 4, NRCARY-4, 4 

C See if the robot 1110Yad between carry periods 
IF I RCARYPIPTRRCYJ ,NE. RCARYPIPTRRCY+lJ J THEN 

C It did, so find when it star-tad to MOY• 
30 IF I RUT( PTRRU+l J ,GE, RCARYTI PTRRCY+l J J GOTO 40 . 

PTRRU s PTRRU + 2 
GOTO 30 

C Save the 1110Ye data 

C 

40 RHOVETINRHOVE+lJ • RUTIPTRRUJ 
RHOVETINRHOVE+2) • RCARYTIPTRRCY+lJ 
RHOVEPINRHOVE+lJ = RCARYPIPTRRCYJ 
RHOVEPINRHOVE+2J = RCARYPIPTRRCY+l) 

NRHOVE • NRHOVE + 2 

ENOIF 
50 CONTIIIIJE 

C The final condition - dwck to s- if the robot is busy after 
C the last carry period 
C 

IF ( IRUINRU-1) ,EQ, l, J ,AND, 
l I RUTINRU-1) .GE. RCARYTINRCARYJ J J THEN 

C The robot is 1110Ying without a pallet at the end of the ru, 
RHOVETINRHOVE+l) = RUTINRU-1) 
RHOVETINRMOVE+2) • RUTINRUJ 
RHOVEPINRHOVE+lJ = RCARYPINRCARYJ 
RHOVEPINRHOVE+2J = RHOVEPINRHOVE+l) 

NRHOVE = NRHOVE + Z 
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ENDIF 

RET\JRN 

END 

Sl.6ROUTINE INCNVY 
C 
C INCNVY inputs the l"IUIWr of pallets that -re on the input 
C conveyor at -ch ti- in the ru, 

C 
C 

C 
Ver 1.03 11/19/84 

tINCLUDE: 'HODELCott,FOR' 

REAL CONI~llOOO), CONINTl1000) 

INTEGER•Z PTR, DlH1Y, NCONIN 

C Open the disk files 
OPENI 3, FILE='OUTPUT.94', STATUS='OLD' 
OPENI 4, FILE='OUTPUT,9S', STATUS='OLD' 

C Read in the data 
CALL INFILEI 3, CONI~, NCONIN) 
CALL INFILE I 4, CONINT, DlH1Y ) 

C Remove all of the even data points 
NCONVY = 1 
DO 10 PTR = 1, NCONIN, Z 

CONVYNINCONVY) = CONI~IPTR) 
CONVYTI NCONVY) = CONINTI PTR) 

10 NCONVY = NCONVY + 1 

C Except for the last value 
CONVYNINCONVY) = CONI~INCONIN) 
CONVYTI NCONVY ) = CONINTI NCONIN) 

C Close the input files 
CLOSE I 3) 

CLOSE 14) 

RETURN 

END 
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SUBROUTINE INFILEI lMIT, ARRAY, LEN J 
C 
C INFILE inputs the real array stor-ed in t.s,it lMIT. The first 
C two el._..ts and the last el-,t in the file is not saved. 
C (The first 3 el-,ts ar-e identical and the last 2 elements 
C ar-e the same. J The data is saved in the array ARRAY, which 
C has a length LEN. The maxi- length of ARRAY is 1000. 
C 
C 
C 

Ver 1.03 11/ 8/84 

INTEGER•2 lMIT, LEN 

REAL TRASH, ARRAY(*) 

C Throw away the first two values 

READ( lMIT, *) TRASH 
READ( lMIT, * ) TRASH 

DO 10 LEN• 1, 1001 
10 READ( lMIT, *• END=20 ) ARRAYILENJ 

HRITE( *• * J 'MORE THAN 1000 VALUES INPUT!' 
RETURN 

C Throw away the last value and adjust LEN for the time 
C thl"U the loop when the .,,ct of file -• reached 

20 LEN• LEN - 2 

HRITEI *,100) 
100 FORMAT( •.•,, 

RETURN 
END 
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.LA SCREEN.FOR 
tsTORAGE:2 
C 
C 
C SCREEN.FOR 
C 
C Contains the routines for .. tting""' the sc,..., for plotting 
C 
C 11/ 6/84 
C 
C 

SlBROUTINE SCREEN 
C 

C 
C SCREEN puts. plot on the SC,..., 

C 

C Ver: 1,11 10/30/84 
C 
C 

$INCLUDE: ''10DELCott.F0R' 
tINCLUDE1 'PLOTCott.F0R' 

C 

C 

REAL YMIN, YNAX, YDVERX, ASPECT, TIMTIC, YTICS, TIC'1DD, TIPflED 

INTEGER•2 BCKGND, CLRPAL, ROHl, ROH2, SCALE, LTICT, C0Ll, C0L2, 
1 UXIS, NDEC, LTICY, ND0TS, SYHBOL, CLRKI, CLRNC, CLRRCY, 
2 CLRRID, CLRRNY, BASE, '10DE, CLRCNY 

cl-r the sc,...,, set the IIOde color pallet 
'1DDE • 4 
IF ( TYPE ,Eq, 2 ) '1DDE • 6 
CALL QSNODE( '1DDE ) 
BCKGND • 0 
IF I HOOE ,H, 6 J BCKGND • 7 
CLRPAL • 0 
CALL GC0L0RI BCKGND, CLRPAL 

s.t "°" the plot•~ 
C0Ll • 64 
IF I YLABEL ,Eq, 'N' J C0Ll • 0 
C0L2 • 318 
IF I '10DE .ea. 6 ) C0LZ • 638 
ROHl • 17 
ROH2 • 191 
YNIN • 0 
YNA)( • 7 
SCALE • 0 
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YOVERX = l 
ASPECT= l 

C Find the major tic mark intel"Vals 
Til'flED = 18114/60. I• I EPTIHE - BPTIHE I/ I COLZ - COLl + l I 
BASE= 10 tHt INTI ALOGlOI Til'flED I I 
TIHTIC =BASE• NINTI Til'flED /BASE+ .4 I 

C Find the first time that is exactly divisible by TIHTIC 

C 

TICHOD = AINTI IBPTIHE/601 / TIHTIC I• TIHTIC 

CALL QPLOTI COLl, COLZ, ROHl, ROHZ, BPTIHE, EPTIHE, YHIN, YHAX, 
1 TICHOD•60, YHIN, SCALE, YOVERX, ASPECT I 

Draw the axes 
LTICT = 1 
LAXIS = 0 
NDEC = 0 
CALL QXAXISI BPTIHE, EPTIHE, TIHTIC•60, LTICT, LAXIS, NDEC ) 

C Reset the y-axis to BPTIHE 
CALL QPLOTI COLl, COLZ, ROHl, ROHZ, BPTIHE, EPTIHE, YNIN, YHAX, 

1 BPTIHE, YHIN, SCALE, YOVERX, ASPECT I 

YTICS"' 0 
LTICY = 0 
IF YLABEL .EQ. 'Y' I CALL QYAXISI YHIN, YNAX, YTICS, LTICY, 

l LAXIS, NDEC 

C Label the axes 
CALL SLBAXEI TIHTIC, COLl, COLZ, TICHOD 

C Draw when the robot -s idle 
IF I HOOE .EQ. 4 I THEN 

NDOTS = 0 
CLRRID., 1 

ENDIF 
IF I HOOE .EQ. 6 I THEN 

HOOTS= 4 
CLRRID "'3 

ENDIF 
SYt-80L., -z 
CALL QSETUPI NDOTS, CLRRID, SYNBOL, CLRRID 

CALL PRBTI RIDLET, RIDLEP, NRIDLE, 'S' I 

C Draw when the robot -s 110Ving without a pallet 
CLRRHV = 3 
IF IHODE .EQ. 6 ) NDOTS = 6 
CALL QSETUPI NDOTS, CLRRHV, SYHBOL, CLRRHV I 
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CALL PRBTI RtlOVET, RHOVEP, NRMOVE, 'S' ) 

C or- the robot carry periods 
CLRRCY = 2 
IF I HOOE .EQ. 6 ) THEN 

NDOTS = 0 
CLRRCY = 3 

ENDIF 
CALL QSETUPI NDOTS, CLRRCY, SYteOL, CLRRCY ) 

CALL PRCYI 'S' J 

C 0~ the machina commi t-,t data 
CLRHC = 3 
IF I HOOE .EQ, 6 ) NDOTS = 4 
CALL QSETUPI NDOTS, CLRHC, SYteOL, CLRHC 

CALL PHACHI HCPA, NCPA, 2,12, 'S' 
CALL PHACHI HCPB, NCPB, 3,12, 'S' 
CALL PHACHI HCPC, NCPC, 4.12, 'S' 
CALL PHACHI HCPO, NCPD, 5,12, 'S' 

C Dr- the machina utility data 

C 
C 

CLRK.I = 2 
IF I HODE ,EQ, 6 ) THEN 

NDOTS = 0 
CLRK.I = 3 

ENDIF 
CALL QSETUPI NDOTS, CLRK.I, SYteOL, CLRK.I 

CALL PHACHI tfJPA, lf.JPA, 2.12, 'S' 
CALL PHACHI tfJPB, lf.JPB, 3.12, 'S' 
CALL PHACHI tfJPC, lf.JPC, 4.12, 'S' 
CALL PHACHI tlJPD, lf.JPD, 5,12, 'S' 

Put the number of pallets -iting on the input conveyor 
on the plot 

CLRCNV = 3 
NDOTS = 0 
CALL QSETUPI NDOTS, CLRCNV, SYteOL, CLRCNV J 

CALL PCONVYI 'S' > 

C Hove the cursor to the ~r left corner of the screen 
CALL QCHOVI 0, 25 ) 

RETURN 

END 
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SUBROUTINE SLBAXEI TIHTIC, COLl, COL2, TICHOD J 
C 
C 
C SLBAXE labels the ti- and n.chine axes 
C 
C 
C 
C 

Ver: 1.0, 11/ 6/84 

$INCLUDE: 'PLOTCOl1.FOR' 

REAL TIHTIC, TICHOD 

INTEGER*2 NTIC, NCHAR, THTICSl30J, ROHl30J, PTRTIC, FSTTIC, COLl, 
1 COL2, TIHE, PIX, TXTCOL, HISCHR, THTICO 

CHARACTERJt<+ CTIHE 

CHARACTER*24 TITLE 

C Define fu,ction NCHAR: Find out how many digits in IT 

C 
C 
C 

C 
C 
C 

C 
C 
C 

NCHARIITJ s ALOGlOI FLOATIITJ + .1 J + 1 

Put the title on the plot 

HRITEI TITLE ,200) BPTIHE/60., EPTIHE/60. 
200 FORMAT( 'Plot from', F6.1, ' to', F6.l I 

CALL QPTXTI 24, TITLE, 3, COL2/2/8-12, 24 

Label the y-axis 

IF I YLABEL .EQ. 'N' J GOTO 30 
CALL QCHOVI 0, 22 J 
HRITEI *• 100 J 

100 FORMAT( ' ', ' Output', /, ' ', 'Conveyor', /, '0', 'Machine', /, 
1 D', /, '0', 'Machine',/,''•' C', /, '0', 
2 'Machine', /, 8', /, '0', 'Machine', /, • ' 
3 A ' , /, /, ' O ' , ' Input ' , /, ' ' , 'Conveyor ' I 

Label the ti- axis 

C Find the pixel locations of the major tic marks 
30 CALL QXTICSI NTIC, THTICS, ROH J 
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C Find the last tima label 
TIME= TICHOD + TIHTIC • NTIC 

C Check to see if the last label can be printed 
MISCHR = I THTICSINTICJ + 4ttNCHARITIMEI - COL2 + 7 I/ 8 

C If the ... a ... missing characters, don't print the label 
IF I MISCHR .GE. 1 I GOTO 20 

C Find the start pixel col....., for the label 
PIX= THTICSINTICI - 4ttNCHARITIMEI -

1 8 • I 4 - NCHARITIMEI I 

C Convert the tima to• character string 
HRITE I CTIME, ' I 14 I ' I TIME 

C Put the t ima on the SC,..., 

CALL QGTXTI 4, CTIME, 3, PIX, 8, 0 I 

C Dac..--it the tima 
20 TIME• TIME - TIHTIC 

C Put the tima labels on in .-.verse order 
DO 10 PTRTIC • NTIC-1, 1, -1 

C Find the start pixel col....., for the label 
PIX• THTICSIPTRTICI - 4ttNCHARITIMEI - 8•1 4 - NCHARITIMEI 

C Convert the tima to • character string 
HRITEI CTIME, 'I 14 I' I TIME 

C Put the tima on the SC,..., 

CALL QGTXTI 4, CTIME, 3, PIX, 8, 0 I 

C oec.--,t to the next tima 
10 TIME• TIME - TIHTIC 

C Check to see if the ... is a tic mark at the origin 

C 

C 

THTICO = THTICSlll - I THTICS12I - THTICSlll I 
IF I THTICO .GE. COLl-4 I THEN 

Tl,el"'9 is a tic at the origin. Print the label 
IF TIME ,LE. 0 I THEN 

PIX= THTICO - 28 
ELSE 

PIX= THTICO - 4ttNCHARITIMEI - 8•1 4 - NCHARITIHEJ I 
ENOIF 

If the label fits on the screen, print it 
IF I PIX .GE. 0 I THEN 
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ENDIF 

HRITEI CTIME, '1141' ) TIME 
CALL QGTXTI 4, CTIME, 3, PIX, 8, 0 ) 

ENDIF 

C Put the 'Ti-• label on the seres, 
TXTCOL = I I COL2 - COLl ) / 2 + COLl ) / 8 - S 
CALL QPTXTI 10, 'Time IHinl', 3, TXTCOL, 0 ) 

RETURN 

END 
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.E....t..! PLOTTER.FOR 
tSTORAGE:2 
C 
C 
C PLOTTER.FOR 
C 
C Contains the stbroutines for setting~ a plot on the pen plotter 
C 
C 11/ 6/84 
C 
C 

Sl9ROUTINE PLOTER 
C 
C 
C PLOTER puts a plot on the I8" 749 pen plotter 
C 
C 
C 
C 

Yer: 1.04 11/ 5/84 

tINCLUDE: 'HOOELCON.FOR' 
tINCLUDE: 'PLOTCON.FOR' 

REAL YHIN, YHAX, TIKTIC, YTICS, TICHOD, Til'flED 

INTEGER•Z ROHl, ROH2, LTICT, COLl, COL2, LINTYP, TTLHGT, TTLHDT, 
1 LAXIS, NDEC, LTICY, SYHBOL, CLRft.l, CLRHC, CLRRCY, 
2 CLRRID, CLRRffY, BASE, CLRCNY, LBLHGT, LBLHDT, THLHGT, THLHDT 

C Initialize the plot, set the character sizes 

C 

C 

CALL ZIHITI 1, 1, 'DlJl1YF,ILE' J 
LBLHGT • 60 
LBLHDT • 36 
THLHGT • 42 
THLHDT = 2S 

TTLHGT • 84 
TTLHDT • 51 

Set~ the plot area 
COLl • 8 • LBLHDT + 76 
IF I YLABEL .EG, 'H' ) COLl • 2•THLHDT + 76 
COL2 • 2690 - Z•THLNDT - 76 
ROHl • l,ZS*LBLHGT + 1,125 • TI1LHGT + 76 
ROH2 • 2060 - l.ZS•TTLHGT - 76 
YNIN • 0 
YNAX • 6.5 

Find the -jor tic -rk intervals 
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C 

C 

TitflED :s ( T1'1LHDTtl4/60, J • ( EPTIHE - BPTIHE J / ( COL2 - COLl + 1 J 
BASE= 10 HINT( ALOGlO( TitflED J J 
Til'fTIC •BASE• NINT( TitflED /BASE+ ,ft J 

Find the first ti- that is exactly divisibl• by Til'fTIC 
TICHOD II AINT( (BPTIHE/60) / TIHTIC J • TIHTIC 

CALL ZPLOT( COLl, COL2, ROHl, ROH2, BPTIHE, EPTIHE, YHIN, YHAX, 
1 TICHOD•60, YHIN J 

Draw the a><•• 
LTICT,. 1 
LAXIS • 0 
NDEC = 0 
CALL ZXAXIS( BPTIHE, EPTIHE, TIKTIC•60, LTICT, LAXIS, NDEC J 

C Resat the y-axis to BPTIHE 
CALL ZPLOT( COLl, COL2, ROHl, ROH2, BPTIHE, EPTIHE, YHIN, YHAX, 

1 BPTIHE, YHIN J 

YTICS 11 0 
LTICY = 0 
IF ( YLABEL ,EQ, 'Y' J CALL ZVAXIS( YHIN, YHAX, YTICS, LTICY, 

1 LAXIS, NDEC 

C Labal the axas 
CALL PLBAXE( TIHTIC, COLl, COL2, TICHOD, LBLHGT, LBLNDT, TNLHGT, 

1 TNLNDT, ROHl, ROH2, TTLHGT, TTLHDT J 

C Draw ......, the robot -• idl• 

C 

LINTYP ,. -1 
SYHBOL s 0 
CLRRID = 3 
CALL ZSET\JP( LINTYP, CLRRID, SYHBOL, CLRRID 

CALL PRBT( RIDLET, RIDLEP, NRIDLE, 'P' J 

Draw ....._, the robot -• 1110Ving without a pall•t 
CLRRHY = ft 
CALL ZSET\JP( LINTYP, CLRRHY, SYHBOL, CLRRHY 

CALL PRBT( RHOVET, RHOVEP, NRHOVE, 'P' J 

C Draw the robot carry periods 

C 

CLRRCY = 5 
CALL ZSET\JP( LINTYP, CLRRCY, SYHBOL, CLRRCY J 

CALL PRCY( 'P' J 

Draw the inachina connit-,t data 
CLRHC s 6 
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C 

CALL ZSETUPI LINTYP, CLRt1C, SYteoL, 

CALL PHACHI HCPA, NCPA, 2.12, 'P' 
CALL PHACHI HCPB, NCPB, 3.12, 'P' 
CALL PHACHI HCPC, NCPC, 4.12, 'P' 
CALL PHACHI HCPD, NCPD, 5.12, 'P' 

Draw the a.chine utility data 
CLRKJ = 7 
CALL ZSETUPI LINTYP, CLRKJ, SYteoL, 

CALL PHACHI t'AJPA, NJPA, Z.12, 'P' 
CALL PHACHI 11UPB, NJPB, 3.12, 'P' 
CALL PHACHI t'AJPC, NJPC, 4.12, 'P' 
CALL PHACHI 11UPD, NJPD, 5.12, 'P' 

CLRt1C J 

CLRKJ J 

C Put the runber of pallets -i ting on the input conveyor 
C on the plot 

CLRCtN = 8 
CALL ZSETUPI LINTYP, CLRCtN, SYteoL, CLRCtN J 

CALL PCONVYI 'P' J 

C Hrap the plot 
CALL ZFINIS 

RETURN 

END 

SUBROUTINE PLBAXEI TiliTIC, COLl, COLZ, TICHOD, LBLHGT, LBLHDT, 
1 TI1LHGT, TI1LHDT, ROHl, ROHZ, TTLHGT, TTLHDT J 

C 
C 
C PLBAXE labels the time and machine axes 
C 
C 
C 
C 

Ver: 1.05 11/ 6/84 

$INCLUDE: 'PLOTCOf1.FOR' 

REAL TiliTIC, TICHOD 

INTEGER•Z NTIC, NCHAR, TliTICSl30), ROHl301, PTRTIC, FSTTIC, COLl, 
1 COLZ, TIME, PIX, HISCHR, TliTICO, LBLHGT, LBLHDT, TI1HPIX, 
Z TI1LHGT, TI1LHDT, ROHl, ROHZ, TTLHGT, TTLHDT, R2H1D7, LHD16, 
3 LEFT 
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CHARACTERlf4 CTIHE 

CHARACTER•24 TITLE 

C Define fe.w,ction NCHAR: Find out how -ny digits in IT 
NCHARIIT) = ALOGlOI FLOATIIT) + .1 ) + 1 

C Set the plot window to the a,tire page 

C 
C 
C 

CALL ZCLIPI O, 2690, 0, 2060 ) 

Label the y-axis 

IF C YLABEL .EQ. 'N' ) GOTO 30 
C Set the character size 

CALL ZCHSIZI LBLHGT, O, LBLHDT 

C Put the labels on 

C 
C 
C 

R2H1D7 s C ROH2 - ROHl ) / 6,5 
LBLHD8 = LBLHGT/8 
CALL ZPTXTI 6, 'Output', 1, 

1 COLl - 7•LBLHDT, 6•R2H1D7+R0Hl+LBLHD8 
CALL ZPTXTC 8, 'Conveyor', 1, 

1 COLl - 8•LBLHDT, 6•R2H1D7+ROH1-9*LBLHD8 
CALL ZPTXTC 7, 'Machine', 1, 

1 COLl - 8•LBLHDT, INTl5.06•R2H1D7+R0Hl+LBLHD8) 
CALL ZPTXTI 1, 'D', 1, 

1 COLl - 5*LBLHDT, INTl5.06•R2H1D7+ROH1-9*LBLHD8) 
CALL ZPTXTI 7, 'Machine', 1, 

1 COLl - 8*LBLHDT, INT14.06•R2H1D7+R0Hl+LBLHD8) I 
CALL ZPTXTI 1, 'C', 1, 

1 COLl - 5*LBLHDT, INT14.06•R2H1D7+ROH1-9*LBLHD81 
CALL ZPTXTI 7, 'Machine', 1, 

1 COLl - 8•LBLHDT, INT13,06•R2H1D7+ROHl+LBLHD81 I 
CALL ZPTXTC 1, 'B', 1, 

1 COLl - 5•LBLHDT, INTl3.06*R2H1D7+ROH1-9*LBLHD8) 
CALL ZPTXTI 7, 'Machine', 1, 

1 COLl - 8*LBLHDT, INT12,06•R2H1D7+R0Hl+LBLHD8) ) 
CALL ZPTXTI 1, 'A', 1, 

1 COLl - 5*LBLHDT, INT12.06•R2H1D7+ROH1-9*LBLHD81 
CALL ZPTXTI 5, 'Input', 1, 

1 COLl - 7•LBLHDT, R2H1D7+ROHl+LBLHD8 ) 
CALL ZPTXTI 8, 'Conveyor', 1, 

1 COLl - 8*LBLHOT, R2H1D7+ROH1-9*LBLHD8 

Label the time axis 
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C Sat the time label character size 
30 CALL ZCHSIZI THLHGT, O, THLHDT J 

C Find the pixel locations of the major tic 111arks 
CALL ZXTICSI NTIC, THTICS, ROH J 

C Find the last time label 
TIHE = TICHOD + TIHTIC * NTIC 
THHPIX = ROHl - l.lZS•THLHGT 

C Put the ti- labels on in .-.verse order 

C 

1 

DO 10 PTRTIC = NTIC, 1, -1 

Find the start pixel 0011.ni for the label 
PIX• THTICS(PTRTICJ - THLHDT/ZttNCHARITIHEJ -

THLHDT•I 4 - NCHARITIHEJ J 

C Convert the time to a character string 
HRITEI CTIHE, 'II4J' J TIHE 

C Put the ti.,. on the sc.-.., 
CALL ZPTXTI 4, CTIHE, 1, PIX, THHPIX 

C Decr-,t to the next ti.,. 
10 TIME = TIHE - TIHTIC 

C Check to s- if there is a tic -rk at the origin 

C 

1 

THTICO = THTICSllJ - I THTICSIZJ - THTICSllJ J 
IF I THTICO .GE. COLl-THLHDT/Z J THEN 

ENDIF 

There is a tic at the origin, Print the label 
IF TIHE ,LE, 0 I THEN 

PIX= THTICO - 3.5*THLHDT 
ELSE 

PIX= THTICO - THLHDT/ZttNCHARITIHEI -
THLHDT•I 4 - NCHARITIHEJ 

ENDIF 
HRITE I CTIHE , ' II 4 I ' J TIME 
CALL ZPTXTI 4, CTIHE, 1, PIX, THHPIX I 

C Put the 'Ti.,.• label on the scram, 

C Set the character size 
CALL ZCHSIZI LBLHGT, 0, LBLHDT 

C Find where to put the label 
PIX= I I COLZ - COLl I I Z + COLl J - 5 * LBLHDT 
CALL ZPTXTI 10, 'Time IHinl', 1, 

1 PIX, INTI ROH1-l.Z5*LBLHGT-l.1Z5*THLHGT I I 
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C 
C 
C 

Put the title on 

C Set the character size 
CALL ZCHSIZI TTLHGT, 0, TTLHDT 

C Create the title 
HRITEI TITLE, 100 J BPTIHE/60,, EPTIHE/60. 

100 FORHATI 'Plot fr011', F6,l, ' to', F6.l J 

C Put the ti tla on the plot 
LEFT= COLl - S•LBLHDT 
PIX= I COLZ - LEFT J / Z + LEFT - lZ*TTLHDT 
CALL ZPTXTI Z4, TITLE, Z, 

l PIX, INTI ROHZ+O.Z5*TTLHGT J 

RET\JRN 

END 
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MACH.FOR 
tSTORAGE:2 
C 
C 
C HACH.FOR 
C 
C Contains the plotting routine for tha machines and conveyor 
C 
C 11/191'84 
C 
C 

SlmROUTINE PHACHl HP, NP, POSITN, PTYPE ) 
C 
C 
C PHACH plots machine utility or machine C011111itmant data 
C 
C Ver: 1,02 111'191'84 
C 

C 

$INCLUDE: 'PLOTCOH.FOR' 

C 

C 
C 

C 

C 

C 

l 

l 

1 

REAL HPl 500) 

INTEGER•2 NP, POSITN, PTRHP 

CHARACTER•l PTYPE 

Do for all data points 
DO 10 PTRHP = 1, NP, 2 

Check to see if the current data point set is in tha 
plot window 

IF l I HPIPTRHP+lJ ,GE. BPTIHE J .AND. 
I HPlPTRHPJ .LE. EPTIHE J J THEN 

At least part of tha points are plotabl• 
IF l l HPI PTRHP J • GE. BPTIHE J • AND, 

HPlPTRHP+lJ .LE. EPTIHE J J THEN 

ELSE 

Tha data sat is fully plotabla 
CALL PTHOI HPlPTRHPJ, HPIPTRHP+lJ, POSITN, POSITN, 

PTYPE J 

Find how tha data is partially plotabla 
IF I HPIPTRHPJ .LT, BPTIME J THEN 
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C 

1 

C 

1 

ENDIF 

ENDIF 
10 CONTit«JE 

RETURN 

END 

ELSE 

ENDIF 

The data is cut on the left 
CALL PTHOI BPTIHE, HPIPTRHP+l), 

POSITN, POSITN, PTYPE ) 

The data is cut on the ri'7'1t 
CALL PTHOI HPI PTRHP), EPTIHE, 

POSITN, POSITN, PTYPE ) 

SU3ROUTINE PCONVYI PTYPE ) 
C 
C 
C PCONVY plots the nunber of pallets -iting on the input conveyor 
C as • f\.netion of time. The nunber is plotted H bars on the plot. 
C 
C 

C 
C 

Var: 1.03 10/30/84 

$INCLUDE: 'HODELCOH.F0R' 
$INCLUDE: 'PL0TCOH.F0R' 

CHARACTER•l PTYPE 

REAL POSITN, BSEGT, ESEGT 

INTEGER•Z NPLOT, PTR 

LOGICAL•Z PLTSEG, PLTPND 

C Set 1.4> for the plot of "'-1 there is at 1-•t one pallet 
C on the conveyor 

POSITN = 0.88 
NPL0T = 1 
PLTPND = .FALSE. 
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C 
C 
C 
C 
C 

Loop uitil the maximun nuioer- of pallets waiting is 
reached. This is indicated by r-eaching • value of 
NPLOT for- which no segments a.-. plotted 

10 PLTSEG • .FALSE. 

C For- -ch value of NPLOT go thr-oug\ COHVY to look 
C for- plotabla segments 

DO 20 PTR = 1, INTINCOHVY)-1 

C Check to •- if the.-. is a plot pending 
IF I PLTPND > THEN 

C The,.. is, check to •- if this is the and of 
C the segment 

IF I COHVYNIPTR) .LT. NPLOT) .OR. 
1 COHVYTI PTR) • GE. EPTIHE ) ) THEN 

C It is, plot the segment 

C 

C 
C 

1 
2 

ELSE 

ENDIF 

ENDIF 

ESEGT = AHINll COHVYTIPTRJ, EPTIHE 
CALL PTHOI BSEGT, ESEGT, POSITN,POSITN, PTYPE> 
PLTSEG • .TRUE. 
PLTPND • .FALSE. 

Check to•- if the next &egiNnt is plotable 
IF I I COHVYNIPTRJ .GE, NPLOT I ,AND. 

ENDIF 

COHVYTIPTRJ .LT, EPTIHE ) .AND, 
COHVYTIPTR+ll .GT. BPTIHE I ) THEN 

It is, set up the bagiming of the next 
plot 

PLTPND = ,TRUE, 
BSEGT • AHAXll COHVYTI PTR), BPTIHE ) 

20 CONTit«JE 

C Check for- uifinished plots 
IF I PLTPND ) THEN 

C The.-. is • plot pending, plot it using the last 
C value in COHVYT as the and segnent time 

CALL PTHOI BSEGT, COHVYTI PTR J, POSITN, POSITN, PTYPE 
PLTPND = ,FALSE. 
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C 

C 
C 

END 

PLTSEG • ,TRUE. 

ENDIF 

Check to•- if nothing-• plotted 
IF I .NOT. PLTSEG l RET\JRN 

If something-•• inc,.-,t to the next nunber of 
pallets -iting on the i~t conveyor 

NPLOT = NPLOT + l 
POSITN = POSITN - 0.08 
GOTO 10 

SUBROUTINE PTHOI Tl, TZ, Vl, YZ, PTYPE l 
C 
C 
C PTHO d,._s a line segnant. The line is d.--, ff'Ofll ITl,Yl l to 
C I TZ,VZ l. 
C 
C 
C 
C 

Ver: 1.01 10/Z3/84 

REAL Tl, TZ, Vl, VZ, TIZl, VIZ) 

CHARACTER*l PTYPE 

C Set 14> arrays of the i~t data 
Tlll=Tl 
Tl Z I :: TZ 
Vil) = Yl 
VIZ)= VZ 

C Draw the line 
IF PTYPE .EQ. 'S' I CALL QTABLI 1, Z, T, V 
IF PTYPE ,EQ, 'P' I CALL ZTABLI 1, Z, T, V 

RET\JRN 

END 

SUBROUTINE PFOURI Tl, TZ, T3, T4, Vl, VZ, V3, V4, PTYPE I 
C 
C 
C PFOUR draws three continuous line segments. 
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C 
C 
C 
C 

C 

C 

Ver: 1.01 10/23/84 

REAL Tl, TZ, T3, T4, Yl, YZ, Y3, Y4, Tl4), Yl4) 

CHARACTER*l PTYPE 

Convert the input data into an array 
Tll)=Tl 
TIZ) = TZ 
Tl 3 > = T3 
Tl4) • T4 
YllJ = Yl 
VIZ) = YZ 
YI 3) • Y3 
YI 4 J = Y4 

Draw the data 
IF PTYPE .EQ. ·s• ) CALL QTABLI 1, 4, T, y 

IF PTYPE .EQ. •p• ) CALL ZTABLI 1, 4, T, y 

RETURN 

END 
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ROBOT.FOR 
tsTORAGE:Z 

C 
C 
C ROBOT.FOR 
C 
C Contains the plotting routines for the robot 
C 
C 10/30/84 
C 

C 

C 
C 

Sl.8ROUTINE PRBTI RT, RP, NR, PTYPE J 

C PRBT plots when the robot is idle or when the 
C robot is 1110Ving without a pallet. These plots are all just 
C line •~ts. 
C 
C 
C 
C 

Ver: 1.03 10/16/84 

tINCLUDE1 'PLOTCOl1.FOR' 

C 
C 
C 

REAL RTI 500 J, POSITN 

INTEGER•Z RPISOOJ, NR, PTR 

CHARACTER•l PTYPE 

Find the first plotable •~t 

PTR • l 

10 IF I RTIPTR+lJ .GT, BPTIHE J THEN 

C The first plotable •~t 
IF I RTIPTRJ .LT, BPTIHE J THEN 

C Not fully plotable, interpolate the cutoff position 
POSITN • I BPTIHE - RTIPTRJ J•I FLOAT( RPIPTR+lJ J -

l FLOATI RPI PTR J J J / I RT( PTR+l J - RTI PTR J J 
Z + RPI PTR J 

l 
CALL Pn«>I BPTIHE, RTIPTR+lJ, POSITN, FLOATIRPIPTR+lJJ, 

PTYPE J 
PTR • PTR + Z 
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C Check for the and of the data 

C 

C 
C 
C 

ELSE 

ENDIF 

IF PTR .GE. NR J RETURN 

ENDIF 

Inc,.....,t to the next data pair 
PTR • PTR + 2 
IF C PTR .GE. NR J RETURN 
GOTO 10 

The .. in plotting loop 

C Check for the and of the plotable segma,ts 

C 

C 

C 

C 
C 

C 

20 IF I RTIPTR+lJ .LE. EPTIME J THEN 

1 

1 
z 

The na,ct data pair is fully plotable 
CALL PTHOI RTIPTRJ, RTIPTR+lJ, FLOAT( RPIPTRJ J, 

FLOAT( RPCPTR+lJ J, PTYPE J 
PTR • PTR + 2 

Check for the and of the input data 
IF I PTR .GE. NR J RETURN 
GOTO ZO 

ENDIF 

Clwck to s- if there is a partial final plot 

IF C RTIPTRJ .LT. EPTIHE J THEN 

ENDIF 

There is a partial plot, interpolate the cutoff position 
POSITN • I EPTIME - RTIPTRJ J * I FLOAT( RPIPTR+lJ J -

FLOAT( RPIPTRJ J J / I RTIPTR+lJ - RTIPTRJ J 
+ RPIPTRJ 

CALL PTI«>C RTIPTRJ, EPTIME, FLOATI RPCPTRJ J, POSITN, PTYPE 

RET\JRN 

END 
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C 
C 

SlBROUTINE PRCYC PTYPE I 

C PRCY plots when the robot was carrying• pallet 
C 

C 
C 
C 

Ver: 1.00 10/ 8/84 

$INCLUDE: 'HODELCot1.FOR' 
$INCLUDE: 'PLOTCot1.FOR' 

C 
C 
C 

REAL POSITN 

INTEGER*Z PTR 

CHARACTER•l PTYPE 

Find the fist plotable period 

PTR • 1 

10 IF C RCARYTCPTR+31 .GT. BPTIHE I THEN 

C The first plotable period 
IF C RCARYTCPTRI .LT. BPTIHE I THEN 

C Not fully plotable 

C 

C 
C 

1 
z 
3 

1 
z 
3 

1 

IF C RCARYTCPTR+ll .GE. BPTIHE I THEN 

ELSE 

Only the pick is cutoff 
CALL PFOURC BPTIHE, RCARYTCPTR+ll, RCARYTCPTR+ZJ, 

RCARYTCPTR+31, FLOAT( RCARYPCPTRJ I, 
FLOAT( RCARYPIPTR+lJ J, FLOAT( RCARYPCPTR+ZJJ, 
FLOAT( RCARYPCPTR+3J J, PTYPE ) 

IF C RCARYTCPTR+ZJ .GT. BPTIHE J THEN 

Cut in the 111iddle of the fflOVe, 
interpolate the cutoff position 

POSITN = CBPTIHE - RCARYTIPTR+lJI• 
IRCARYPIPTR+ZJ - RCARYPIPTR+l)J / 
IRCARYTIPTR+ZJ - RCARYTCPTR+lJI 

+ RCARYPIPTR+ll 
CALL PTI«>C BPTIHE, RCARYTIPTR+ZJ, POSITN, 

FLOATI RCARYPIPTR+ZJ J, PTYPE I 
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C 

C 

C 

C 

C 

C 

l 
2 

l 
2 

ELSE 

ENDIF 

ENDIF 

ELSE 

ENDIF 

ENDIF 

CALL PTHOI RCARYTIPTR+2), RCARYTIPTR+3), 
FLOAT( RCARYPIPTR+2) ), 
FLOATI RCARYPIPTR+3J ), PTYPE I 

Cut during the place 
CALL PTHOI BPTIHE, RCARYTIPTR+3), 

FLOAT( RCARYPIPTR+2) J, 
FLOATI RCARYPIPTR+3J 1, PTYPE 

Increment the pointer 
PTR = PTR + 4 

Check for the end of the input data 
IF PTR ,GE, NRCARY I RETURN 

Increment the pointer 
PTR • PTR + 4 

Check for the end of the input data 
IF I PTR .GE, NRCARY J RETURN 
GOTO 10 

C The -in program loop 
C 

C Check for the end of the plotting ti111e 
20 IF I RCARYTIPTR+31 .LE, EPTIHE J THEN 

C The period is fully plotable 

C 

CALL PFOURI RCARYTIPTRI, RCARYTIPTR+lJ, RCARYTIPTR+21, 
l RCARYTIPTR+31, FLOAT( RCARYPIPTRI J, 
2 FLOAT( RCARYPIPTR+lJ 1, FLOAT( RCARYPIPTR+21 1, 
3 FLOAT( RCARYPIPTR+31 1, PTYPE ) 

PTR,. PTR + 4 

Check for the end of the input data 
IF I PTR ,GE, NRCARY J RETURN 
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C 
C 
C 

C 

C 

C 
C 

C 

l 
2 

l 
2 

l 
2 

l 

l 

GOTO 20 

ENDIF 

Check to s- how 1111.JCh of the final period is plotable 

IF ( RCARYT(PTRJ .LT. EPTIHE J THEN 

There is• partial plot 
IF ( RCARYT(PTR+2J .LE. EPTIHE J THEN 

ELSE 

ENDIF 

ENOIF 

RET\JRN 

ENO 

The place is cut 
CALL PFOUR( RCARYTIPTRJ, RCARYTIPTR+ll, RCARYT(PTR+21, 

EPTIHE, FLOAT( RCARYPIPTRI 1, FLOATIRCARYPIPTR+lll, 
FLOATIRCARYPIPTR+211, FLOATIRCARYPIPTR+31J, PTYPE I 

IF I RCARYTIPTR+lJ .LT. EPTIHE J THEN 

ELSE 

ENDIF 

The IIIO\le is cut, interpolate the cutoff 
position 

POSITN = IEPTIHE - RCARYTIPTR+lJl•IRCARYPIPTR+2J -
RCARYPIPTR+lll/lRCARYTIPTR+21 - RCARYTIPTR+llJ 

+ RCARYPIPTR+lJ 
CALL Pn«JI RCARYTIPTRJ, RCARYTIPTR+ll, 

FLOATI RCARYPIPTRI 1, FLOAT( RCARYPIPTR+ll 1, 
PTYPE J 

CALL Pn«JI RCARYTIPTR+ll, EPTIHE, 
FLOAT( RCARYPIPTR+ll J, POSITN, PTYPE J 

The pick is cut 
CALL Pn«JI RCARYTIPTRI, EPTIHE, FLOATIRCARYPIPTRJJ, 

FLOAT( RCARYPIPTR+ll 1, PTYPE J 
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L..Z MODELCOM,FOR 
Cott10N /HOOEV HUPA, NJPA, f1CPA, NCPA, HUPB, NJPB, f1CP8, NCPB, 

1 f1UPC, ~, f1CPC, NCPC, HUPD, NJPD, !CPD, NCPD, RID LET, 
2 RIDLEP, NRIDLE, RCARYT, RCARYP, NRCARY, Rt10YET, RHOYEP, 
3 NRl10VE, BRTIHE, ERTIHE, CONVYN, CONYYT, NCONYY 

REAL HUPAI 500 J, f1CPAI 500 J, HUPBI 500 1, f1CPBI 500 1, tlJPC( 5001, 
1 f1CPCl5001, f1UPDt5001, f1CPD(5001, RIDLET15001, 
2 RCARYTt 500 I, Rt10VETI 500 I, BRTil1E, ERTI11E, CONYYTI 500 I 

INTEGER•2 NJPA, NCPA, NJPB, NCPB, NJPC, NCPC, t&JPD, NCPD, 
1 NRIDLE, NRCARY, NRHOVE, RIDLEPt5001, RCARYP15001, 
2 RHOYEPt 500 I, NCONVY, CONVYNI 500 I 

PLOTCOM,FOR 
Cott10N /PLOT/ BPT111E, EPT111E, TYPE, THPSCR, YLABEL 

CHARACTER•l YLABEL 

REAL BPT111E, EPT111E, TMPSCR 

INTEGER•2 TYPE 
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.E....1 EMS.DES 

Appendix F 

DETAILED MODEL LISTING 

............................................ ,,,,,,,,,,, .. ,,,,,.,,., ... ,,, .. , .. , . 
• 

FHS.DES 

by 

l'tartin 

5/ 7/85 Yer 1.1z 

Thia is a description of a to ai111Ulate the Virginia Tech 
Flexible aan..ifacturing ayat-. The is in the files 
FHS.110D and FttS.EXP, and the FORTRAN subroutines are in 
the files PRil1E.FOR, EVENT.FOR and TRACE.FOR. 

Thia model ai111Ulatea the Virginia Tech Niniature Flexible ~facturing 
Sy•t- ( FHS). The FHS consists of four .-chining stations, an i,-.,ut conveyor 
and an exit conveyor. All parts are ~ted on a pallet before they enter the 
aystet1. Pallets are IIOVed ar«nd the ayst- by a robot in the canter of the 
ayst-. The inachinea and conveyors are equally spaced arould the robot. The 
layout is ahoNn below. The robot has a capacity of one pallat. All -chines 

11achine D Exit Conveyor 
' I 
' I 

11achine C ------Robot------ I,-.,ut Conveyor 

I 
11achine 8 

I ' 

' 11achine A 

are different and can not be substituted for any other -chine. A pellet can 
only -e to a machine thet is in incr-•ing alphabetical order froa the machine 
the pallet is currently at. Thia i• to prev-,t a deadlock froa occurring. If, 
for exa~le, the pallet at A needs to go to .-chine 8 and the pallet at 
..chine 8 needs to go to A a lock up will occur and the syat- will 
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stall. The machine sequm,ce for any pallet type is fixed. The processing time 
for a pallet type on a particular machine is fixed. After processing is clone on 
a inachine, the machine is brought to its home position. This time may be 
considered as an extra random time or it may be considered as part of the fixed 
processing time. IThe time should be al1110st the same fro111 pallet to pallet. J 
There may be any ruimer of pallet types. Specifics about the IIIOdel are 
explained below, 

The IIIOdel is writt-, in the simulation language SIHAN. The IIIOdel consists 
of thr- parts: the SIHAN IIIOdel frame, the SIHAN experi-,tal frame and FORTRAN 
sl.bprograms. The IIIOdel frame, stored in FHS.HOD, contains the IIIOdel. The 
experimental frame, stored in FHS.EXP, contains the 'experiment' - or data. The 
FORTRAN sl.bprograms, stored in PRIME.FOR, TRACE.FOR and EVENT.FOR, are used to 
input parameters at the beginning of a rui, to generate a specialized trace of 
the ruis and to perfor111 some of the 1110re difficult tasks of the IIIOdel. The IIIOdel 
has SIMAN statements that describe the hara,,are and software in the system and 
the relationships between the hara,,are and software. The experiment has SIHAN 
stat-,ts that control the simulation and has stat-,ts that define the 
variables used in the IIIOdel. The control statements tell SIHAN how long the 
simulation is to last, the maxi- values for many variables, whether or not to 
trace part of the simulation and which variables should be used for statistical 
output. The FORTRAN initialization and trace sl.bprograms are 1110stly just I/0 
statements. The other FORTRAN sl.bprograms lcalled events by SIMANI take input 
parameters fro111 the model frame and call SIHAN subroutines to obtain the desired 
change in the system. The FORTRAN sl.bprograms must be linkac:I to the SIMAN 
processor before they can be used. 

The ruimering syst- for the machines in the inodel is as follows: 

11:achine l is the robot. 
11:achines 2 through 5 are machine stations A through O. 
The input and exit conveyors do not have a machine designation. 

Hith two exceptions, this ruimering is used for all of the parts of the IIIOdel 
that are machine dependent. Oft-, the machine ruimer is added to a base to 
access the appropriate variable. An example is the queues 36 through 40. Queue 
36 is used for the robot mini host and queues 37 thrc>U!71 40 are used for machine 
A through D's mini host, respectively. The values xl through x5 are also used in 
addition to x6 through yo. IHhere y = x + lJ. The robot mini host is not used 
in the model at this time, so the first value of most values is not used. The 
storage is reserved for the robot mini host and should not be used for any other 
purpose. The exceptions to this nunbering scheme are the nunbering of the 
MACHINE resources and the pallet stations. Both of these use the same ruimering 
scheme. The MACHINE resources' and the pallet stations' machines A through Dare 
nunberad consist-,tly with the rest of the IIIOdel. The input conveyor is defined 
as MACHINEllJ and station l. The exit conveyor is defined as MACHINEl61 and 
station 6. The robot does not have a station ruimer or a MACHINE resource lit 
uses the transporter ROBOT). 
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The model consists of 6 pallet stations and Z stations for antity l"OUting: 

Station 1 is the input conveyor, 
Stations 2-5 are the machine stations, 
Station 6 is the exit conveyor, 
Station 7 is the entry point for the 11ini host polling entiti- at the 

start of a ru,, and 

To ll'IOVe a pallet fr-0111 one pallet station to another, the robot is r-aquested at 
the current station. 14,an the robot arrives, a pick is perfonned. A pick tells 
the robot to pick up the pallet. The pick is IIIOdeled simply as a time delay. 
The robot is then moved to the desired station. After arriving at the station, 
a place is parfonned. A place tells the robot to place the pallet on the 
machine or conveyor. The place is IIIOdeled by a time delay. The robot is then 
rel-sad so other pallets can use the robot. 

The attributes for all pallets are defined ass 

All) is the time after the start of the sill'AAlation that the pallet 
entered the syst8111, 

A12J is the type of pallet plus 50. The pallet type defines the 
sequence of machines and processing time for the pallet. 

Al3) is the station the pallet is at. 
Al4) is the processing time at station Al3) - This may or may not 

include the time it takes for the machine to go to its home 
position after processing is dona. The time to get to its home 
position can be represented as a unifon11 distribution. 

Al5> is the nunber of work stations the pallet has bean to. The input 
and exit conveyors cou,t for this value, 

Al6) is used as an index when getting the next processing time. This 
attribute can be used for other temporary storage. 

Al7J is the pallet nunber - the pallets are nunbered in the order they 
entered the syst..,., starting at one. 

A18J is the station that a pallet is 1110Ving to. 
Al 9 J indicates whether the pallet is waiting to updated and ll'IOVed 

I Al9J = 0 >, waiting to be moved I Al91 = .5 Joris in process 
I A191 = 1 ), 14,an the pallet is updated, the next station and 
processing time is found for the pallet. 

AllOI is the nunber of conwnands needed at station Al3), 
Allll is used by the message sending event to store l<lhich queue the 

message is to be placed in after it is sent. 
AllZJ is used by the message sending event to store l<lhich sigwl coda 

is to be s-,t l<lhan the massage is received. 
Al13) is used by the message sending event to store l<lhich COIIIIM.rlication 

line is being used for the transmission 
H is the station the pallet is at 

The attributes for the syst- host polling entity are: 
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None are used. 

The attributes for the syst- host inter~t entities are: 

AllJ is used to hold the ni.n,er of c:onands that can be output the 
rwaincler of this inter~t routine. 

N is the ... chine ni.n,er of the 111ini host the inter~t routine 
"talks" to. 

The attributes for the 111ini host polling entities are: 

AllJ is the ~r of c:onands input fro111 the syst- host since the 
last X0N sa,t by the mini host. 

Al2J is used to indicate whether or not the last connancl has been 
received fro111 the systa111 host for the current pallet. If Al2J is 0 
the last conmand has not yet been received. If Al2J is 1 the last 
coi-nd has been received I the end of the file -s reached I. 

Al31, Al41 are currently lr<Used. 
AISJ is used to hold the machine ni.n,er of the 111ini host. This value is 

used to set the N attribute after the entity has moved thr<Xql a 
STATION block. ll'toving thr<Xql a STATION block sets the value of N 
to the STATION ni.n,er. J 

Al61 is used for scratch storage. It is used to get the parameter set 
the range of values for the time it takes to bring a ... chine to 
its home position is stontd in. It can be used for other 
t8111p0rary storage. 

N is the machine runber of the host 

The attributes for the axis controller entities are: 

N is the machine runber of the host 

The resources used are: 

1-6 are MACHINE I 1-6 J. CAUTION! R-d the note below! These are used to 
control the availability of all of the stations. If the resource 
is 1.navailable, the 111achine is busy with a part, has a part coming 
to it or has a part -iting to be picked up. If the resource is 
available, then the pallet can seize the resource and request the 
robot to move it to the station. The output conveyor is always 
available when the robot is free. 
NOTE!: MACHINElll corresponds to the input conveyor and not the 
robot. The robot does not have a "MACHINE" resource! This is 
differ....t from all other uses of the ~ring 1-6! Machine 1 is 
usually considered to be the robot. Machines 2 throug, S always 
mean machine stations A thr"Ol9' D. The input and exit conveyors 
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usually do not have a machine designation. 

7 SYSHOST: r-epnasents when the syst11111 host is busy. This resource is 
used to control the "sharing" of the system host being the polling 
routine and the interrupt routines. It is used to make suna the 
systet11 host CPU is not being used by more the one routine at any 
one time. 

8-12 HINIHOST: These resources represent when -ch •inihost is busy. 
It is used to make sure -ch minihost is only doing one thing at a 
time. 

13-17 AXISCONT: These resources represent when the axis controllers 
are busy. Currently, they are busy whalever a pallet is being 
worked on. 

The global variables I Xiii'• I are defined as: 

Xll-51 are used to indicate that machines 1-5 are busy. If Xiii is 1, 
the machine is busy with a part. These variables are used only to 
keep statistics on machine utilization. Xlll is used for the 
robot. 

Xiii is used to keep track of the nunber of pallets on the input 
conveyor. The nunber of pallets on the input conveyor is ~l to 
the sum of the nunber of pallets in QUEUElll and the nunber of 
busy units of HACHINElll. HACHINElll is the input conveyor, and 
QUEUElll is the qu&\a for pallets waiting for the input conveyor. 

Xl71 is used to hold the station the robot is at, or the last station 
the robot was at. This variable is used only for data collection 
for plot outputs. 

Xl81 is used as a pointer to indicate where in the task list to start 
checking for an idle pallet. The first time the task list is 
s-rched, X181 is 1. If a pallet is found that is idle, but can 
not be moved, Xl81 is set to the task list position after the 
position of the 'stuck' pallet and the task list is s-rched from 
that point on for another idle pallet. 

Xl91 is used to temporarily hold the pallet number of a pallet that is 
having its entry on the task list ~tad. 

XllOI is used to store the utility of the input conveyor - syst11111 host 
serial line 

Xlll-151 are used to store the utility of the serial line into the mini 
hosts 

Xll6-ZOI are used to store the utility of the serial line out of the 
mini hosts 

XIZl-251 contains the number of conwnands remaining to be output to a 
mini host fr-0111 the system host. XIZll is used for the robot mini 
host and XIZZI through XIZ51 are used for the machine A throug, 
machine D mini host, respectively. 

XIZ61-Xl301 are currently unused. 
Xl31-351 contains the average machine processing time for -ch c~nd. 
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Xl31) is used for the robot and Xl32) through Xl35) are used for 
machine A through machine D, respectively. 

Xl36-SOJ are used for passing parameters to and froffl event routines. At 
this time these are only used to send and receive messages. These 
variables can also be used for temporary scratch storage. 

The ~s used in the IIIOdel are: 

1-6 Hait for station q to become available. The nuri>ering is the same 
as used for the station nuri>ers. 

7 Hait for the robot to pick 1.4> • pallet. 
8 The task list. This is where the status of all of the active 

pallets in the syst- is stored. Copies of pallet entities are 
stored in this queue. 

9 The input queue. After• pallet physically 1110Ves to the front of 
the input conveyor its presence is noted in the input queue 1.r1til 
there is roo111 on the task list for the pallet. This is•~ 
that is part of the software of the system host. 

10 The system host 'waits' here Hhile • pallet is being processed. 
Pallet processing is done only on idle pallets on the task list. 
Pallet processing is updating the pallet's entry on the task list 
or chec:king to•- if the pallet can IIIOVe on, and if so, 110Ving 
the pallet to the ne><t station. 

11 The system host 'waits' here 1.r1til • si'1'9l telling the syst9111 
host that one of the things it polls for has happened. This is 
used by the model so the syst9ffl host does not need to continuously 
poll in the model. This speeds 1.4> model r1.r1 times considerably 
since the syst11111 host spends 1110st of its ti,ne polling. The si'1'81 
is sent when a pallet 1110Ves to the front of the input conveyor or 
when a pallet finishes processing at a machine station. An entity 
representing the syst11111 host's polling f1.r1etions is placed here at 
the begit'Y'ling of the r1.r1. 

12 Hait for the system host to become available for polling 
operations and check fr0111 the begil'Y'ling of the task list. 

13 Hait for the syst11111 host to become available for polling 
operations and check fr<>ffl the last chec:ked position on the task 
list. 

14 Hait to get the syst- host before bringing the robot to the 
current station. The robot will be moving without a pallet. 

15 Hait to get the system host when 1110Ving the robot from station to 
station. The robot will be 1110Ving with a pallet. 

16 Hait to get the system host for loading the data buffer from disk. 
17 The system host inter~t routine entity waits here while waiting 

for an ACK from the mini host after the mini host has received 
data fr0111 the syste111 host and the system host has 1110re data to 
send. 

18 Same as queue 17, e><cept the syst- host has no 1110re data to send. 
19 Hait to get the system host to chec:k to see if another ,nessage was 

received from the mini host. 
ZO The system host inter~t entity waits here for input from the 

Detailed Model Listing 231 



mini host, It waits hare after the syst8ffl host interrupts are 
enabled, The system host interrupt routine entities are placed 
hare at the beginning of a N.a'\, 

21-25 Messages from the syst8ffl host to the mini hosts are stored hare, 
Queue 21 is used for messages to the robot mini host and queues 
22-25 are used for -ssages to the machine A-D mini hosts, 
respectively. 

26 Hait for the syste111 host to become available for processing in the 
interrupt service routine. 

27 The system host interrupt entities wait hare until the syst8111 host 
enables interrupts from the mini hosts. 

28 The mini host polling entity waits hare for input from the syst ... 
host. 

29 The mini host polling entity waits hare until the processing is 
dona on a pallet and after the mini host has output all of the 
eomands for the pallet to the axis controller. 

30 currently unused. 
31-35 Messages from the 111ini hosts to the syst8ffl host are stored in 

these queues. Queue 31 is used for messages from the robot mini 
host and queues 32-35 are used for messages frOIII the machine A-D 
mini hosts, respectively. 

36-40 The minihost polling entities wait hare to get the 111ini host to 
process input from the syst8111 host. 

41-45 Pallet anti ties wait hare until the process on the niachine they 
are on is finished. Queue 41 is for the robot and queues 42-45 are 
for the niachine stations. The robot mini host is currently not 
used to help move pallets. All of the storage is reserved for 
later use by the robot min host. 

51 The axis controller entities wait hare for input from the mini 
hosts. The axis controller entities start the N6\ here. 

52-55 are currently unused. 
56-60 The axis controller polling entities wait hara to get the axis 

controller to process input from the syste111 host. 
61-65 The mini host polling entities wait hara to get the mini host 

after the process on the machine is dona, 

The signal codes used by the modal are: 

1 is used when one of the conditions that the systet11 host polls for 
changes, This will 'wake up' the system host if it is waiting for 
something to happen, The method used to poll is as follows: An 
entity representing the polling CPU is put in a queue waiting for 
a status change,.._, the status changes the event that causes the 
status to change sends the signal code the CPU entity is waiting 
for. Tha CPU then goes through its nornial polling procedure • .._, 
it is dona with that it polls once more to check if anything has 
changed since its last check. If nothing has changed then it 
returns to the queue to wait for another signal. The system host 
polls the following activities: the arrival of a pallet to the 
beginning of the input queue and if a pallet is ready to move to 
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another station. 
2-10 are currently u,used. 
11-15 are used to indicate that input frOIII the system host has bean 

received by the mini host. Signal coda 11 is used to signal the 
robot mini host and signal codes 12-15 are used to signal the 
machine A-0 mini hosts, respectively. 

16-20 are currently u,used. 
21-25 are used to indicate that input fr0111 the mini host has bean 

received by the syste111 host. 
26-30 are curraitly u,used, 
31-35 are used to indicate that the interrupts have been .,.bled on the 

system host to allow input fr0111 the mini host. 
41-45 are used to indicate that a process is dp,e. 
46-50 are used to indicate that data has been sent fr-0111 the mini host 

has been received by the axis controllers. 
51-55 are used by the axis controllers to tell the mini host that it is 

dona with the current pallet. 

The parameter sets are defined as: 

1 is the pallet arrival time mean 11,1), 
2 is the cumulative probability that a pallet is of a certain type, 

The odd values in this set are the cumulative probabilities of 
the pallet types in the even values. There must be an entry in 
this set for all possible types of pallets. 

3 contains the trace status. If 13,1) is 1, the trace is on. If 
13,1) is o, the trace is off. 
The rest of parameter set 3 is a sequence of times that represent 
the times when the trace status changes. There HUST be a change 
at or after the and of the ru,, (The program will crash if there 
is not a change after the and of the ru,), 

4 is the pick and place timas. 14,1) is the pick tima and 14,2) is 
the place time. 

5-8 are the minil!UI and maxi- ti,_ it takes to get a machine to its 
home position. Paramater sat 5 is used for machine A, 6 for B, 7 
for C and 8 for o. li,1> is the mininun, and li,2> is the maxi-. 
If both of these values are set to zero, then the time to bring 
the machine to its home position should be included in the 
processing time for -ch machine. 

9 is used to hold the transmission delay times. 
19,1) is used to hold the tima it takes to transmit one character 
to the system host from the input conveyor. 
19,2) is the time to transmit one character either way bet-, the 
systeffl ho~t and any of the mini hosts. 
I 9,3) is the time to transmit one character either way between the 
mini host and the axis controller. 

10 contains the processing delay timas for the syste111 host I including 
disk access time> 
110,11 is the time it takes the system host to check the task list 
(10,21 is the time needed to transfer an entry in the input~ 
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to the task list. 
110,3) is the set~ time for a robot 1110Ve, 
110 ,4 J is the time needed to read one canmand from disk. 
110,SJ is the time it takes to be inter~ted and to read one 
character in the inter~t routine. 

11 contains the processing delays for the mini hosts. 
111,lJ is percent of the CPU time taken by the timer int•r~t. 

12 contains the processing delays for the axis controllers. 
currently there are none. 

13 is the range of times 111til an axis will be ready to receive data 
from the mini host. The axis will only receive data between 
processing of connands. 

14-50 are currently uiused. 
51 are used to define the machine sequences and processing times on 

-ch machine for each pallet type. The set used for -ch pallet 
type is the pallet type number plus SO, 
li,1-SJ are used for the part sequence. All parts start at 
station 1, so this is assumed and must not be included. Each part 
must end at station 6, and this must be included in the part 
sequence, 
li,6-10) are used for the processing time on the station stored in 
j-5. The processing time may or may not include the time it takes 
for the machine to go to its home position after processing is 
done. See parameter set 3 for details. 
li,11-15) are used for the number of commands used to process the 
pallet on each machine. A number of commands must be s'4>Plied for 
the exit conveyor, it does not matter what it is. 

The randolll nurnber streams used are: 

1 is used for the time between pallet arrivals. 
2 is used for the time it takes a machine to get to its home 

position. 
3 is used to determine the part type. 
4 is used in determining the time it will take before an axis 

controller is ready to receive data from the mini host. 

Ccx.nter number l is used to ccx.nt the nurnber of pallets that have entered 
the syst-. This is used to mark the pallet nurnber I Al 711. 

The FORTRAN subroutines fall into several categories. There are 
initialization and finalization routines and events. The events can be broken~ 
into two gr~s: trace events and new canmand events. All of the FORTRAN 
subroutines used are lf111CtionallyJ described below. 

The initialization routine is called PRIME. PRIME has two functions: to 
input any changes in the parameter set that the user wants and to initialize the 
trace. The subroutine to input any changes the user wants in the parameter set 
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is called ASKP. ASKP only wol"'ks on values in the par-emeter sets, other syst&111 
variables can not be changed. Only values defined in the e><perilla'ltal frame can 
be changed, no,_ values can be added to the par-emeter sat. The change ,....ins 
in effect u,til the parameter is changed again or u,til the SIHAN program is 
exited. The tr-ace initialization routine is called SETTR. SETTR creates an 
entity that will be used to turn the trace on and off and SETTR schedules this 
entity to arrive at the trace status change event at the first trace change 
time. 

The finalization routine is called HRAPUP. It only prints a for111 feed to the 
output to make sure that the SIHAN s1.111111ary report is on a different page than 
the parameter inputs or any trace output. 

Calls to FORTRAN subroutines are made using the SIHAN EVENT: i, 
where i is a runber that is used to determine which subroutine is to be called. 
The subroutine EVENT maps the SIHAN event nuri>ers to FORTRAN subroutines calls. 

The trace is generated by calls to FORTRAN subroutines that print out the 
status of the syst8111 at the time of the call, Different trace events are put at 
different points of the IIIOdal so the flow of pallets throug, the systa111 can be 
traced. The specifics as to what -ch trace routine prints are listed below. 

The trace is turned on and off using a FORTRAN event ( Event nuri>er 11). An 
entity is created in PRIHE that is scheduled to arrive at event 11 the next time 
a trace status change is to occur, "'1enever the entity arrives at the event it 
changes the trace status and gets a,,..., trace change time fr0111 parameter set 3. 
The ..,tity's attribute 1 is used to point to the next trace status change in 
parameter sat 3, Parameter sat 3 must have a trace change event scheduled after 
the end of the ru, or the ru, will bona at the last trace change time. 

The,_ C0111111and events are all events that are called from the IIIOdal when 
the desired function is needed. These events are like extensions to the SIHAN 
language. They perfor111 tasks that would be difficult or impossible to impla111ent 
in the SIHAN IIIOdal frame. They also increase the readability of the IIIOdal since 
C0111plicatad procedures that don't aid in the u,darstanding of the IIIOdal are 
1110Yed to the FORTRAN routines. The added events are listed below. 

The FORTRAN events are: 

Events 1-5 are trace events used by the HL IIIOdal. 
1 ARRIVAL: called whS\ever a pallet arrives at the systa111, Prints 

the pallet type and machine sequence of the arriving pallet and 
prints the nuri>er of pallets waiting on the input conveyor. 

2 MOVE: called when a pallet is ready to 1110Ye to another station. 
Prints that the pallet is ready to 1110Ye and prints which machines 
are unavailable. 

3 ROBOT: called when a pallet gets usa of the robot. Prints that the 
pallet has been picked...., by the robot. 

4 DHROBOT: called when the pallet is done with the robot and is 
ready to start processing on a machine. Prints that the pallet has 
arrived at the machine, prints the pallet's processing time on the 
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machine, prints which pallets are -iting for a machine or the 
robot and prints which machines are lilavailable. 

5 FINISH: called when a pallet is leaving the syst8111, Prints the 
pallet's time in the system, prints which pallets are waiting for 
a machine or the robot and prints which machines are uiavailable. 

Events 5-10 are trace events used by the FMS IIIOdel. 
6 FARRIV: called whenever a pallet arrives at the syst8ffl. Prints 

the pallet type and machine sequence of the arriving pallet and 
prints the nunber of pallets -iting on the input conveyor. 

7 FHOVE: Called when a pallet is ready to 1110Ve to another station. 
Prints that the pallet is ready to 1110Ve and prints which machines 
are uiavailable. 

8 FDHROB: called when the pallet is clone with the robot and is ready 
to start processing on a machine. Prints that the pallet has 
arrived at the machine, prints the pallet's processing time on the 
machine, prints the task list and prints which machines are 
uiavailable. 

9 FFINIS: Called when a pallet is ready to leave the system. Prints 
the pallet's time in the syst8111, prints the task list and prints 
which machines are uiavailable. 

10 FROBOT: called when a pallet gets use of the robot. Prints that 
the pallet has been picked up by the robot. 

The rest of the events are used only in the FMS IIIOdel and are,-
connand events. I Event 11 is also used by HL J. 
11 CHGTR: used by both HL and FMS to change the trace status. 
36 SNDHES: used to trans11it a 1118Hage. It requires the following 

input: 
X136) is the time 
X137l holds the queue the message is to be placed in 
Xl38) is the sig,al code to be sent. If X138J is O then no 

sig,al code is sent 
X139l is the length of the message. The maxi- is 10. The 

length of the message is not used in any way by this 
event to calculate the transmission time. If Xl39) is 
O then the attributes of the invoking entity are used 
as the message. 

X140J-X149J is the message 
XISOJ is the transmission line to use 

37 RCVHES: used to read a message. The input required is that Xl37) 
be set to the queue the message is to be read front. 
The outputs are: 

The message is removed fr-0111 the queue 
X139) is set to the length of the massage. If Xl39) is O on 

retum, then there was no message in the queue. 
Xl40)-Xl49) contains the massage 

SO UPTASK: '-4)dates the task list with the arriving entity. If the 
pallet is already on the task list its old value is over written 
by its current value. 

51 COt1ERR: prints an error 1118Ssage when there is • comiunication 
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error when the mini host sends data to the syst8111 host. 
98 SETENT: sets up the CPU entities. This event is called at the 

beginning of each FHS n.ri to initialize the CPU entities. It is 
not in PRIME because it would cause HL to crash when n.ri. The call 
to the event is made by an ARRIVAL entity in the FHS experirna,tal 
frame. The entities setup are listed below: 

The systG111 host polling entity is placed in queue 11, None of 
its attributes are set. 

The syst8111 host interrupt routine entities are placed in 
queue 20. Each entity's H attribute is set to the 
interrupt service routine it corresponds to. 

The mini host polling entities enter the model at station 7. 
Each entity's H attribute and AISJ attribute are set to 
the machine runber the entity corresponds to. 

The mini host timer interrupt entities enter the model at 
station 8, Each entity's H attribute and AISJ attribute 
are sat to the machine runber the entity corresponds to. 

The axis controller polling entities are placed in queue Sl. 
Each entity's H attribute is sat to the machine runber 
it represents. 

99 MESARV: processes a message that has arrived at a component. This 
event is scheduled from event 36 ISend a message). Sends the 
signal code and places the message in the appropriate queue. 
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EMS.MOD 
BEGINt ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 

' 
FHS.110D 

by 

11ar-tin 

SI' 7/85 Yer- 1,23 

Hodel to si-.late the Virginia Tech FHS. 
See FHS.DES for- details. 

' '' '' '" '"'"''"'''"" '"'"'"'"'"'"' """'' "" '"'' '"""'' """" '" ' ' 
Pallet arrival block - Controlled by the pallet entity 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
' CREATE: EX 11,1)1~ 

HARKI 1 >, 
COUNT: lt 
ASSIGN: Al 7) • NCll) t 
ASSIGN: N • lt 
ASSIGN: A13) • lt 

Pallets arr-iv• based on an e,cponential 
distribution (The is stored in Pll,1) 
Store the arrival ti- in All) 
C0t.nt the nunber- of pallets that heve arrived 
11ar-k this as the nth pallet 
The if'1",lt conveyor- is station 1 
Set Al 3) to the cur-rent station 

ASSIGN: AIZ) • DPIZ,3) + so, Find out whidi pallet type it is. The 
,types are defined by the disc,..te 
tdistr-ibution table found in parameter- set Z 

ASSIGN: XI 6 > • NQI 1 > + NRI 1 > + l t Coq>Ute the nunber- of pallets on the 

EVENT: 6t 

QUEUE, lt 
SEIZE1 HACHINEll>t 

EVENT1 7t 

Detailed Model Listing 

tif'1",lt conveyor- I include the arriving pallet> 
Trace event 6 - pallet arrival 

Hait on the il"4",lt conveyor- 1.r1til the 
end of the conveyor- is readied 

The pallet is ready to to the next 
station 
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ASSIGN: Xl36) = P19,l)J 

ASSIGN: Xl371 = 9• 
ASSIGN: Xl381 = 1• 

• 
ASSIGN: Xl39) = O• 

• 
ASSIGN: Xl50) = 10• 

EVENT: 36: .. 
DISPOSE• 

Pr-epare to sand• message: The transmission 
time is fou,d in P19,1) 

Put the message in the input ql.-ue (Queue 9) 
Send sig,al code one after the message is sent 

!Alert the polling systa111 host of the 
message I 

Use the attributes of the incoming pallet as 
the message 

Use the serial line between the input conveyor 
and the systant host 

Send the message 
Don't do anything else 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 

The Task List - Stores pallet entities 

• • • • • • • • • • • • • • • • • • • • • • • • • J • • • • • • H • • • • • • • • • • • • • • • • • J • • • J J • • • • • • • • • • • • • • • • • • • • • • • • • 
TASKLIST QUEUE, 8: DETACH• Acid the pallet to the task list 

• 

The system host IIIOdel - controlled by the syst8111 host 
polling entity 

CHeeK to s- if there is Roott on the TaSK list 

CHKRKTSK BRANCH, 1:.. Sae if there is ro0111 on the task list for 
another pallet and if there is a pallet 
waiting to get on the task list 

IF, I I NQl81 ,LT, ft ) ,AND. I NQl91 .GT. 0 J 1, PUTTSKLS: 

ELSE, CHKTSKLS• 

.. There is ro0111 on the task list and there is a 
pallet waiting to get on the task list 

There is no 1110re room on the task list or no 
pallet is waiting 

PUT the pallet that is waiting in the input~ on the TaSK LiSt 
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, 
PUTTSKLS REHOVE: 1, 9, TASKLISTJ Take the top pallet off the input~ and 

place it on the task list 
DELAY: PC10,2J:-

NEXT( CHKRHTSK J J 

Delay by the time it takes to put the pallet 
on the task list 

n-t go and CHecK to s- if there is 1110re RooH 
on the TaSK list 

, CHeck the TaSK List , 
CHKTSKLS ASSIGN: XCSJ = lJ 

DELAY: NQC8J•PC10,1JJ 
Sat where to start the s-r-ch 
Delay for the time it takes to check the task 

list 

, 
CHeck the TaSk List Again - ,--try point after a pallet that 

can't be moved is fou,d 

CHKTSKLA SEARCH, 8, XCSJ:- Search the task list starting at element XISJ, 
looking for a pallet that is idle C AC9J .LT. l h 

BRANCH, 1:-
IF, CJ ,EQ. 0 J, 
ELSE, GETPALJ 

Check to s- if an idle pallet was fou,d 
SYSHODl..tl:- None was fou,d 

A pallet was fou,d 

GET the idle PALlet 

GETPAL REHOVE: J, 8, PROCPALJ Get the pallet fro111 the task list and s-,d it 

, 

, 
ASSIGN: XISJ • J + lJ , 
RELEASE: SYSHOSTJ 
QUEUE, 10: DETACHJ 

to be processed 
Sat the next starting point into the task list 

to just after where the last pallet 
checked is 

F~ the system host 
Hait u,til the pallet has bean processed 

CHeck ANThaR pallet because the last pallet checked could not be 
moved 

CHKANOTR QUEUE, 13J 
SEIZE: SYSHOSTJ Get the system host 
BRANCH, 1:- Then go and check the task list again if: 

IF, I XI 8 J . LE. NQC 8 J J, CHKTSKLA: -there are 1110re pallets to check 
ELSE, SYSHODl..tl) otherwise, the svst- HOst is 

The svstam Host is DONa , 
SYSHODl..tl RELEASE: SYSHOSTJ Fr- it~ 

DONa 
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l 

QUEUE, llJ 
HAIT: lJ Hait for s01118thing to sig,al the polling 

syst .. host 

GET the polling SYSt11111 HOst 

GETSYSHO QUEUE, 12J 
SEIZE: SYSHOST:~ Get the syst- host 

l 

l 

NEXT( CHKRl1TSK h R\11 the systa11 host polling progra111 

............................................•....................... ,,.,,,,,,,,, 
' 

The syst11111 host IIIOdel - the part 'controlled' by the pallet 

PROCess an idle PALlet on the task list 

' PROCPAL BRANCH, l:~ Check to s- if the current pallet needs to be 
updated to where it is going next and to 
s- if it can 1110Ve to its next station 

Al9I .EQ. 0 1, UPOATE:~ The pallet needs to be updated 

• 
UPDATE 

IF, 
IF, NR1t1I .LT. HRlt1I 1, SETPALBZ: 

~The pallet is updated and can 1110Ve on 
ELSE, NOTTISPLJ The pallet is stuck 

UPOATE the pallet's status 

ASSIGN: Al 5 I = AISI + lt Increment the s~ nulllber 
ASSIGN: Al8I = Pl Al 2 1, Al 5 I h Get the next station runber 
ASSIGN: Al 6 I :s AISI + St Index the processing time 
ASSIGN: Al 4 I = Pl Al21, Al6I h Get the next processing ti111e 
ASSIGN: Al6I = AISI + lOt Index the runber of conwands 
ASSIGN: AllO J = Pl Al 2 I, Al 6 I I• Get the nuTt,er of COl!llllands 
ASSIGN: t1 = Al81t The next machine 111USt be a function of t1 
ASSIGN: Al 9 I :s .s:~ The next station has bean specified 

NEXTI PROCPAL I• PROCess the PALlet again 

NOT ThIS Pallet - the pallet being checked can not 1110Ve to its 
next station 
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t 
NOTTISPL REMOVE: 1, 10, CHKANOTR:~This pallet is stuck, check the task list for 

another pallet 
NEXTI TASKLIST h Put the current pallet back on the task list 

SET the cur,._,t PALlet BuSy 
t 
SETPALBZ ASSIGN: Al9J s lt 

EVENT: 50t 
Al91 indicates that this pallet is busy 
Update the task list 

QUEUE, Hl 
SEIZE: HACHINEI H It 
ASSIGN: H = Al31t 

QUEUE, 14t 
SEIZE: SYSHOSTl 
DELAY: Pll0,3Jl 
RELEASE: SYSHOST, 

QUEUE, 7t 
REQUEST: ROBOTt 
ASSIGN: X17) • Ht 
EVENT: 10, 

DELAY: P14,l h 
ASSIGN: Xl7) s H+.St 

GET the next STAtion and the RoBot 
Get the next machine 
Restore the cur,..,t station number 

Get the syst8ffl host 

The time it takes to calculate a robot move 
Let the syst ... host do other things 

Ha it for the robot 

The robot is at station H 
Trace ev-,t 10 - • pallet is picked up by 
the robot 

Perfor111 • pick 
The robot is leaving station H 

RELEASE: MACHINE IHI, The old -chine is now available 
ASSIGN: Xl6 I = NQll J + NRI l h Compute the number of pallets on the 

t input conveyor 

QUEUE, 15t 
SEIZE: SYSHOSTl 
DELAY: Pl 10,3 ll 
RELEASE: SYSHOSTt 

TRANSPORT: ROBOT, Al81l 

Get the syste111 host 

The time it takes to calculate• robot move 
Let the system host do other things 

Hove the pallet to its next station 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
' 

The -chine stations - controlled by the pallet -,tity 

,,,,,t,,,,,,,ttttlttlttttttttttlttttttttttttttttttltlltltttttttttltttttttttttttt 
t 

STATION, Z-St 
ASSIGN: Xl71 s Ht The robot is at the curr-,t station 
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ASSIGN: Al3) • HJ 
EVENT: 50J 

DELAY: P14,2)J 
ASSIGN: Xl7) = H+.25J 

FREE: ROBOTJ 
EVENT: 8J 

QUEUE, 16J 
SEIZE: SYSHOSTJ 

Set Al3) to the currw,t station 
Update the task list 

Perfol"'III a place 
The robot is done at station H 

Done with the robot for now 
Trace avant 8 - arrival at• 11Tachine station 

Hait to get the syst- host 

DELAY: AllO> * Pll0,4)J R-d the commands fr-0111 disk 
ASSIGN: XIH+20) • AllO)+lJ Set the buffer length to one plus the 

J nunber of commands to ba sent. The extra 
J 'command' is the and of file 11Tarker. 

ASSIGN: XIH+30) • Al4) / AllOIJ Calculate the average time it takes 
to process a command 

SIGNAL: H + 30J Enable serial receive interrupts fr-0111 the mini 
J host 

RELEASE: SYSHOSTJ Done with the syst- host for now 
REHOVE: 1, 10, GETSYSHOJ GET the SYSt- HOst to check the task list 

QUEUE, H + 40J 
HAIT: H + 40J 

ASSIGN: Al9) • OJ 
SIGNAL: lJ 

EVENT: 7J 

EVENT: 50: .. 
DISPOSEJ 

Hait for the process to finish 

Set the pallet to idle 
Hake up the polling syst- host 

Trace event 7 - a pallet is done at a 11Tachine 
and is ready to 1110Ve to another station 

Update the task list 
Only need the value on the task list 

JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ 
J 

Station 6 is the exit conveyor - controlled by the pallet 
entity 

STATION, 6J 
ASSIGN: Xl71 = 6J The robot is at the exit conveyor 

RELEASE: HACHINEI 6 h The output conveyor is not C01N11ittad 

DELAY: P14,21J Perfol"'III a place 
ASSIGN: Xl7> = 6.25J The robot is done at the exit conveyor 
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FREE: ROBOT• Done with the robot 
REMOVE: 1, 10, GETSYSHO• GET the SYStem HOst to check the task list 

ASSIGN: XI 91 = Al 7 h Sat up to remove the pallet fl"'OIII the task list 
SEARCH, 8: I Al7) .EQ. Xl9) )sFincl whera on the task list the pallet is 
REMOVE: J, 8, LEAVEFHS:~ Send the old task list value to tall the 

IIIOdel the pallet is done 
DISPOSE• The pallet is done 

Get time in the system LEAVEFHS TALLY:1, INTll)) 
EVENT: 9:~ 
DISPOSES 

Trace event 9 - A pallet is 1-ving the syst-
The prasent pallet is done 

, ..... ,,, ... ,., ........ ,., ..................................................... . 
• • 

J 
The Syst8ffl Host Interrupt Service Routine - contl"'Olled 

by the syst- host interrupt -,titias 

HAIT FOR INPut fl"'OIII the Mini host 
J 
HAIT4INP RELEASE: SYSHOSTs Lat the systeffl host do other things until an 

input arrives 

QUEUE, 20s 
HAIT: H+ZO• 

QUEUE, 26s 
PREEHPT: SYSHOST• 

DELAY: PllO ,5 JJ 

• 
ASSIGN: Xl37) = H+30• 
EVENT: 37s 

Hait for input 

Get the systa111 host 

Interrupt time and the time it takes to raad 
the input character 

Sat up to read the input character 
Read the character 

READ and pl"'OCass the INPut character 
J 
READINP BRANCH, 1:~ Check to s- what the input character was 

IF, I Xl40) .EQ. 19 ), HAIT2PRO:~ XOFF was received 
IF, 
IF, 

Xl40) .EQ. 17 >, XON:~ XON 
X1401 .EQ. 15 1, PROCDONE:~ SO 
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t 
t 
t 
XON 

ELSE, ERRORt An illegal character -s received 

XON - The systa111 host has received an XON character fr-0111 the 
111ini host. Output the conwnands requested. 

ASSIGN: All) c 6t 

BRANCH, 1: .. 

The 111a><i111U11 runber· of COlllll!ands that can be 
sent at one tiN 

Check to s- if there are that inany C0111111ands 
left to be sent 

IF, I XO1+Z0) • LT, All) ) , NOTENDAT:.. There is not enough data 

ELSE, CHKCSENTt 
.. to send all of the possible connands 

There is enough data 

NOT ENoud'i DATa 
t 
NOTENDAT ASSIGN: All)• XIH+Z0)t Set the ruri>er of C0111111ands to be sent 

CHec:K to s- if• Conand can be SENT 
t 
CHKCSENT BRANCH, 1: .. s- if the end of file is reachedt and if not, 

t 

IF, I I XI f1+Z0) 

if the total number of C0111111ands that can 
be sent now have been sent 

,EQ, 1 ) .AND. I All) .NE, 0 , ) , DONETRAN: 
.. The and of file indicator is to be sent next 

and another conwnand can be sent this 
tiN, go to DONE TRANs111itting 

IF, I All) .EQ. 0 >, HAITZPRQ:.. If the maxilllUII number of 

ELSE, SENDHOREt 

COffllllands have been output, -it for 
another XON 

Another COlllllland can be sent to the 11inihost 

SEND HORE data to the 

SENDHORE ASSIGN: Xl361 • Z7*P19,Z)t Set the tranS111ission time IZ7 characters 

ASSIGN: Xl37) = H+Z0t 
ASSIGN: Xl381 = f1+10t 
ASSIGN: X1391 = lt 
ASSIGN: X140) = XI f1+30 h 

ASSIGN: XIS0) = f1+10t 
EVENT: 36t 

QUEUE, 17t 
HAIT: H+Z0t 

ASSIGN: Xl37J = f1+30t 
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are to be sent I 
Place the message in this queue 
Set the signal code to be sent 
Length of the message to be sent 
Processing time for the command being sent 

(This is the message sent I 
Use the serial line into the 111ini host 
Send the message 

Hait to receive the ACKnowledgement 
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J 

EVENT: 37J Assune the .. ssage was an ACK 

ASSIGN: XIH+20) • XIH+20) - lJ Decrement the total nunber of 
J C0111111ands to be sent 

ASSIGN: All)• All) - 1:.. Dec,._,t the nunber of C0111111ands to be 
.. sent this interrupt routine 

NEXTI CHKCSENT H See if 1110re C011111ands are to be sent 

DONE TRANs11itting - The and of the C0111111and fil• has bean reached, 
sand the and of file 'C0111111and' and quit 

DONETRAN ASSIGN: Xl36) = 3•P19,2 H Send 3 characters: EOF, CR, chackSLIII 

J 

ASSIGN: X137) = H+20J 
ASSIGN: Xl38) = H+lOJ 
ASSIGN: Xl39) = lJ 
ASSIGN: Xl40) = OJ 
ASSIGN: Xl50) • H+lOJ 
EVENT: 36J 

QUEUE, 18J 
HAIT: H+20J 

ASSIGN: Xl37) • H+30J 
EVENT: 37J 

~re the massage is being sent 
Signal code to be sent 
Length of the massage 
No IIOre data 
Use the serial line into the host 
Send the massage 

Hait for the ACKnowledgeiw,t 

Sat 1.4> to read the ACK 
Read the assLll!ad ACK 

HAIT TO PROcass another input 

HAIT2PRO RELEASE: SYSHOSTJ Done with the syst- host for now 

CHacK to•- if there is ANother INput 
J 
CHKANIN QUEUE, 19J 

PREEHPT: SYSHOSTJ 
Hait to get the syst- host 

J 
ERROR 

ASSIGN: X137J = H+30J 
EVENT: 37J 

Prepare to attempt to read a .. ssage 
Attempt to read a ffl8Ssage 

BRANCH, 1:.. Sea if a .. ssage has been sent 
IF, I X139) .EQ. 0 >, HAIT4INP:.. No massage was received 
ELSE, READINPJ A .. ssage was received 

An ERROR has occurred - an illegal character was received 
fro11 the mini host 

EVENT: 51J Print an error niessage 
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The PROC:ess is DONE 
J 
PROCDONE SIGNAL: H+4OJ 

RELEASE: SYSHOSTJ 

QUEUE, Z7J 
HAIT: H+3O: 

NEXTI CHKANIN )J 

Tell the waiting pallet that it is done 
Ha'r-e done with the syst- host 

Hait for the interM4>ts to be -,abled 

Check to s- if an input has been received 

The Hini Host Hodel - controlled by the 111ini host polling 
antity J 

J 

JJJJ)))))))))))))))))))J))J)))J))))))))))J))JJ)J))J))))))J)))))))))))J))J))J)))) 
) 

) 

) 

SENDXON 

) 

J 
IN10RE 

SEND an XON character to the syst- host 

ASSIGN: Xl36) = PC9,ZlJ 
ASSIGN: Xl37l = H+3OJ 
ASSIGN: Xl38l = H+ZOJ 
ASSIGN: XC39l = 1) 
ASSIGN: Xl4O l = 17) 
ASSIGN: XISOl = H+l5J 
EVENT: 36) 

DELAY: Pl9,ZlJ 

ASSIGN: Alli= OJ 
ASSIGN: AIZl = OJ 

Set the transmission tilll8 
The queue the 1118ssage goes to 
The signal coda to be sent 
Length of the 1118ssage 
The 1118ssage - an XON 
Use the serial line fro111 the 111ini host 
Send the XON 

Hait l.a'ltil the XON is completely sant 

Set the runber of COIIW!lands input so far 
The last command has not~ received yet 

INput HORE data fro111 the system host 

RELEASE: HINIHOSTCHIJ 

QUEUE, Z8J 
HAIT: H+lOJ 

The 111inihost is done for now 

Hait for input fro111 the syst- host 

QUEUE, H+35J Get the 111ini host 
SEIZE: HINIHOSTIHIJ 
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J 

ASSIGN: All J = All J+lJ Cou,t the nuimer of C01nmands input 

Send an ACK to the syst.,. host 
ASSIGN: Xl36J = Pl9,2JJ Set the transmission time 
ASSIGN: Xl37J • H+30J 
ASSIGN: Xl38J = H+20J 
ASSIGN: Xl39J = lJ 
ASSIGN: Xl40J = 6J 
ASSIGN: XlSOJ • H+lSJ 
EVENT: 36J 

DELAY: Pl9,2 h 

SEARCH, H+20, NQ, NQ: .. 
AllJ .EQ. OJ 

BRANCH, 1: .. 

The queue the .. ssaga goes to 
The signal coda to be sa,t 
Lm,gth of the 11111ssage 
The 1111tssaga - an ACK 
Use the serial line fro1111 the host 
Send the ACK 

Nait 1.11til the ACK is C0111Pletely s-,t 

See if the last COllllland -s 
the last coanand to be s-,t 

Check to s- if any 1110re 00111111ands are COffling 
now 

IF, J .NE. o, EOF:-- There are no 1110re COlllllandS to be sent 
IF, All) .GE. 6, BUFFULL:.. The mini host buffer is full 
ELSE, IN'tOREJ There are 1110re inputs COffling now 

J The End Of the COlllll8nd Fil• has baa, reached - all of the 
J canmands needed for this pallet have bean received 
J 
EOF REHOVE: J, H+20, DISPOSEJ RefflOVe the -,cl of file -rk•r fro111 the 

J 
J 

J 
BUFFULL 

J COfflffland queue 
ASSIGN: Al2J = lJ Hark that the -,cl of the file has been reached 

The BUFFer is FULL, s-,d an XOFF to the syst.,. host 

ASSIGN: Xl36 J = Pl9,2 h Set the transmission time 
ASSIGN: Xl37J = H+30J The queue the ffl8ssaga goes to 
ASSIGN: Xl381 s H+20J The signal code to be sent 
ASSIGN: Xl391 = lt Lm,gth of the 1111tssaga 
ASSIGN: Xl401 = 19J The -ssaga - an XOFF 
ASSIGN: XlSOJ = H+lSt Use the serial line fro1111 the host 
EVENT: 36t Send the XOFF 

DELAY: Pl9,2 JJ Nait 1.11til the XOFF is C0111Pletely sent 

BRANCH, 1 : .. See if there are C011111ands that need to be s-,t 
.. to the axis controllers 

IF, All) .GT. O, OUTCOH:.. There are cannands that need to be 
sent to the axis contl"'Ollers 

ELSE, CHEKDONEJ There are no more COllllll8nds to s-,d to the axis 
J contl"'Ollers 
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OUTput the COttrnands to the axis controllers 
J 
OUTCOH DELAY: UNl13, 4JJ Hait for the axes to become ready to receive 

Send the connands to the axis controllers 
ASSIGN: Xl36) = 3* 4*AllJ * Pt9,3JJ The transmission time: 
J 3 axis controllers, 4 bytes/connand, Alli CO!llllands, time/char 
ASSIGN: X137J "OJ The connands are already set~• so don't 
J store the message 
ASSIGN: Xl38J = 11+45J The signal code to be sent 
ASSIGN: Xl39l = h Length of the message 
ASSIGN: Xl50l = 11+15J Use the serial line fl"OIII the mini host 
EVENT: 36J Send the connands 

DELAY: 3 * 4*Alll * P19,3JJ Hait \.ntil the data is sent 

BRANCH, l:~ Check to s- if the end of the c:oimand file 
has been reached 

IF, AIZJ .EQ. 1, CHEKDONE:~ The end of the command file has been 
reached 

ELSE, SENDXONJ There are more commands coming 

CHEcK to s- if the process is DONE 
J 
CHEKDONE BRANCH, 1: 

IF, Xll1J .EQ. O, PRODONE:~ The process is clone 
ELSE, HAITDONE J Hait \.ntil the process is clone 

HAIT \.ntil the process is DONE 
J 
HAITDONE RELEASE: 11INIHOSTll1JJ 

QUEUE, Z9J 
HAIT: 11+50J 

STATION, 7J 
ASSIGN: 11 = Al5JJ 

QUEUE , 11+60 J 
SEIZE: 11INIHOSTl11JJ 

The PROcess is DONE 
J 
PRODONE ASSIGN: Al6J = 11+3J 
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Let the mini host do other things \.ntil the 
process is clone 

Hait \.ntil the process is clone 

Entry point for the mini host polling entities 
Restore the station nutmer 

Get the 111ini host 

Get the paramater set the range of values for 
the time it takes to bring the machine to 
its home position is stored 
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• 

DELAY: lMI Al6J, ZJ• Bring the ..chine home 

Tell the syst- host that the 11111chine is home - s.,ct an SO 
ASSIGN: Xl36) = P19,ZJ• Set the transmission time 
ASSIGN: X137) 
ASSIGN: X(38J 
ASSIGN: X139) 
ASSIGN: Xl40) 
ASSIGN: XISOJ 
EVENT: 36• 

= N+30• The~ the massage goes to 
• H+ZO• The signal code to be sait 
= l• 
= lS• 
• H+lS• 

Length of the massage 
The massage - an SO 
Use the serial line from the host 
s.,ct the so 

DELAY: P19,Zh .. Hait u,til the SO is ~letely sa,t 

Hait for another pallet NEXT( SENDXON J • 

............... , .. ,, .. ,,,, .. ,,.,,,.,,.,,.,,.,,.,,,,., .. ,.,,,,,.,,, ... ,,,,.,, .. ,, 
' ) 

The Axis Controller Hodel - Controlled by the axis 
controller a,tity 

The AXIS is DONE processing the input data 

' AXISDONE SIGNAL: H+so, Tell the mini host that the axis is done 
Tell the world that the process is done 
Set the axis controller to idle 

• 

ASSIGN: XINJ • OJ 
RELEASE: AXISCDNTU1 h 

QUEUE, 51J 
HAIT: N+45J 

QUEUE, N+SSJ 
SEIZE: AXISCDNTINJ• 

ASSIGN: XINJ • l• 

Hait u,til ,_ data is received 

Get the axis controller 

Tell the world that the process is starting 

, CHecK to s- if there is more DATA for the axis to process 
) 

CHK4DATA ASSIGN: Xl37J • H+ZO• Set '4> to read the~ where data is sa,t 
EVENT: 37) Read the data lif there is any) 

BRANCH , 1: .. Check to s- if there was any data 
IF, Xl39) .EQ. O, AXISDONE: .. There was no data, so the axis is 
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clone 
ELSE, PROCDATAJ There -s data, go and process it 

PROC:ess the DATA input 
J 
PROCDATA DELAY: Xl40):~ 

J 

J 

NEXTI CHK4DATA )J 

PerfoMI the COtmand 

Go and check to s- if there is 1110re data 

DISPOSE ASSIGN: All) 11 All): DISPOSEJ Get rid of anything that C01118S here 
ENDJ 
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.E.J EMS.EXP 
BEGIN) 
PROJECT, Ft1S HV1,Z3 EVl,13, 11artin, 5/ 7/85) ))))))))))1,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
, , 

Ft1S.EXP 

by 

11artin 

5/ 7/85 Ver 1, 13 

Thia experi-,t goes Nith the IIIOdel that ai111Ulatea the 
Virginia Tech Ft1S. See Ft1S.DES for details. 

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
) 

) 

DISCRETE,500, .. n,. _,<i_ nuimer of concurrent entities 
13, .. n,. -ximu11 nunber of attributes per entity 
65, .. The f'Uli>er of files 
8) .. n,. nuncer of stations 

REPLICATE, 1, .. n,. nunber of n.ns 
o, noo, .. n,. run ti .. - Base is l second 

, 
RESOURCES 1 1-6, KACHINE , 1, l 1 .. Defirw the aachirws 

7, SYSHOST: .. Defirw the ayst- host 
8-lZ, "1NIHOST: .. Defirw the 
13-17, AXISCONT) Defirw the axis controllers , 

TRANSPORTERS1 1, ROBOT, 
l, 

.. Transporter l is a robot 
-ith capacity l 

1, 
0.608, 

""Using distance set l 
-.Yelocity 

1-A) .. starting at station 1, ready for service -
.. (Active) 

, 
DISTANCES: 1, 1-6, 

10,Z0,30,Z0,10/ 
10,Z0,30,Z0/ 

10,Z0,30/ 
10,Z0/ 

.. Distance set l for all stations 11-6) 
Gives the distance bet-, all stations 

.. station l to station Z, 3, ct, 5 and 6 

.. station z to station 3, ct, 5 and 6 

.. station 3 to station ct, 5 and 6 

.. station ct to station 5 and 6 
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• 
PARAMETERS: 

10• 

1, 250: 

-station 5 to station 6 

-Pallet arrival time 111ean 

Cl.al!Ulative probability that a pallet is of a certain type 
2, .25, 1, -2.SX are type 1 

.so, 2, -25% are type 2 

.75, 3, -25% are type 3 
1.00, 4: -2.5X are type 4 

3, o, -The initial trace status ( 0 = No Trace, 
1 = Trace On ) 

8000,8000, -The time when the trace status changes. 
8000,8000, There must be a change listed at or 
8000,8000, after the end of the run. There may 
8000,1,E9: be any runber of changes during a run 

4, 23.25, -The pick time 
22,S: -The place time 

The mini- and _,<i_ times it takes to get to a -chine's home 
position 

5, 0, O: -The mini- and -xi- time it takes to 
get to machine A's home position 

6, o, 0: -The mini- and maxi- time it takes to 
get to B's home position 

7, o, 0: -The mini- and maxi- time it takes to 
get to machine C's home position 

8, O, 0: -The miniffll..lll and maxiffll.ft time it takes to 
get to machine D's home position 

Transmission delay times 
9, ,0010, -The time it takes to transmit one character to the 

-system host fr-0111 the input conveyor 
.0010, -character transmission time bet-1 the Hini-Host 

-and the system host 
,0010: -Character transmission time bet-1 the mini host 

-and the axis contt"'Ollers 

Parameter sat 10 contains the system host pl"'OC8ssing delays I including 
disk access times) 

10, .0001, 

.0002, 

,0116, 
.0992, 

-The time it takes to check one el-,t on the task 
-list 
-The time needed to transfer an entry in the input 
-queue to the task list 
-The time needed to sat for a robot move 
-The time needed to read one COIIWQnd fr0111 disk 
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.0003: .. n. time needed to read one character in the 
.. interrupt routine (The interrupt overhead is 
.. included J 

Parameter set 11 contains the 111ini host processing delays 
11, ,385: .. Percent of the 111inihost processing time rweded for 

.. the timer interrupt 

Par"allNlter set lZ contains the axis controller processing delays 

The range of times uitil an axis will be ready to receive 
13, o, 3: .. z.ro and the average -xi- COfflllland time 

Parameter sets 14-50 are cur,..,tly ~sad 

.. Defina the 111achina saquances, processing times and the number of 
coanands on each -china for the different pallet types 

.. 

• 

51, z, 3, 4, 6, o, 
190,1ZO,Z40, 0, O, 

.. Hachina sequa,ce for pallet type l 

.. Processing times for pallet type 1 

SZ, 

53, 

54, 

36, 15, 55, 0: ......,_r of C0111111ands for nch process 
190 seconds on -china Z done in lZ coimands,lZOs and 10 

COffllllands on -china 3, Z40s and 36 connands on •china 4 and 
then exit to -china 6 -the exit conveyor 

Z, 6, O, o, O, --Machine sequence for pallet type Z 
1'0, o, O, o, O, .. Processing times for pallet type Z 
45, O: --Nulmr of C0111111ands for each process 
3, 6, O, o, o, --Hachina sequence for pallet type 3 

lZO, o, o, o, o, .. Processing times for pallet type 3 
ZS, O: --Hunaer of conands for each process 
4, 6, o, o, o, .. Hachina saquance for pallet type 4 

Z40, o, o, o, o, .. Processing times for pallet type 4 
80, OJ .. Nl.anber of commands for each process 

Nore pallet types can be added by changing the cumulative 
probabilities of the different pallet types to include the.,.. 
pallet type(• J, and then adding the machine •~processing 
times/runber of COffllllands to the end of the parameter list • 

RAN<INGS: 1-9, LVFClJJ ..Process the pallets based in the order in which 
they came into the syst8111, (Order the entities 
in the quMMS based on low val._. of attribute l 
first. J 

• 
ARRIVALS: 1, EVENTC98J, O, lt .. Schedule the event that initializes the CPU 

• 
• 
INITIALIZE, XC7J=l,2J 

..-,tities 

..n. robot starts at station number 1 
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J 
SEEDS: 

1,374,: 
2, , : 

--Initialize the random number streams: 
--stream 1 is used for the time between pallet arrivals 
--stream 2 is used for the time it takes• machine to 

get to its home position 
3,766,: 
4, , J 

--stream 3 is used to detennina the part type 
--stream 4 is used to find the time until the axes become 

J 

J 

.. ,._c1y to receive 

CDLtfTERS: 1, PALLET t«JHBERJ --Counter number one keeps track of the number 
of pallets that have entered the syst-

J 
TALLIES: 1, IN SYSTEH TIHEJ --For each finished pallet, find out how long 

it was in the syst-
J 

J 

J 
DSTAT: 

J 
tTRACEJ 
ENDJ 

Collect statistics on the following time varying parameters: 
Output the changes to the file numbers specified - OUTPUT.nn 

1, Xl2J, Station A Util., 20: 
2, NRl2J, Station A C011111it, 25: 
3, Xl3J, Station B Util., 30: 
4, NRl3J, Station B C011111it, 35: 
S, Xl4J, Station C Util., 40: 
6, NRl4J, Station C C011111it, 45: 
7, XIS), station D Util., SO: 
8, NRISJ, station D C0111111it, 551 
9, NTllJ, Robot Utilizatn, 60: 
10, Xl6J, • on Conveyor, 65: 
11, NQl8J, Task List Length: 
12, Xl7J, Robot Position, 70: --Used only for plotting 
13, NR17), Systa111 Host Util.: 
14, NRl8), Hini Host 1 Util.: 
15, NRl9), Hini Host 2 Util.: 
16, NRllOJ, Hini Host 3 Util.: 
17, NRlll), Hini Host 4 Util.: 
18, NRl12J, Hini Host 5 Util.: 
19, Xlll), Lina to HiniHo 1: 
20, Xll2), Lina to HiniHo 2: 
21, Xll3J, Lina to HiniHo 3: 
22, Xll4), Lina to HiniHo 4: 
23, XllS), Lina to HiniHo 5: 
24, Xll6), Lina fr HiniHo 1: 
25, Xll7), Lina fr HiniHo 2: 
26, Xll8J, Lina fr HiniHo 3: 
27, Xll9), Lina fr HiniHo 4: 
28, Xl20), Lina fr HiniHo SJ 
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SL...1 EVENT.FOR 
tsTORAGE:Z 
C 

C 
C EVENT.FOR 
C 

C by 
C 

C ttartin 
C 
C 
C 
C 

S/ 7/85 

Appendix G 

FORTRAN LISTINGS 

C This file contains FORTRAN •~routines for the EVENT• used in 
C the SINAN progr-a- HL and FHS, except for the tr-ace ev-,ts, 
C Nhich are in the f ila TRACE. FOR. The programs are described in 
C the file HL.DES and FHS.DES. Thasa routines -t be liri<.ad 
C together with the SINAN FORTRAN •~routines and the •~routines 
C in the files PRINE.FOR and TRACE.FOR to a,_ Sit1AN n.n 
C file. 
C 
C 

Sl.6ROUTINE EVENT I PALLET, NEVENT ) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

EVENT calls the appropriate EVENT •~routine. If 
pa.--tar 3,1 is zero and the event is a tr-ace .v-,t 
than no s~routine is called becausa the tr-ac. status 
is off. 

lZ/Zl/M Var 1,10 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER PALLET, NEVENT 

C Check to ... if this is ev-,t 11 
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IF I NEVENT ,EQ, 11 J THEN 

C It is av-,t 11, the trace status is to change 
CALL CHGTRI PALLET) 

C Check to •- if this is avant 36 
ELSEIF I NEVENT ,EQ, 36 J THEN 

C It is avant 36, s-,d the -ssage requested 
CALL SNDl'IESI PALLET) 

C Check to s- if this is avant 37 
ELSEIF I NEVENT ,EQ, 37) THEN 

C It is avant 37, receive the -ssage sent 
CALL RCVHESI PALLET) 

C Check to •- if this is av-,t 50 
ELSEIF I NEVENT ,EQ, 50 J THEN 

C It is avant 50, ~te the task list 
CALL UPTASKI PALLET) 

C Check to•- if this is av-,t 51 
ELSEIF I NEVENT ,EQ, 51 J THEN 

C It is avant 51, print • con-..,ication error -•sage 
CALL C0t1ERRI PALLET J 

C Check to •- if this is av-,t 98 
ELSEIF I NEVENT ,EQ, 98) THEN 

C It is av-,t 98, initialize the CPU -,tities 
CALL SETENTI PALLET) 

C Check to•- if this is av-,t 99 
ELSEIF I NEVENT ,EQ, 99 J THEN 

C It is av-,t 99, • -•age has arrived 
CALL l"IESARVI PALLET) 

C Check to •- if the trace status is 'on' I P13,1J • l J 

C 

C 

ELSEIF I P13,1J ,EQ, l, ) THEN 

The trace status is 'on' Pl 3,1 J • l >, call the 
appropriate trace routine 

CALL TRACEI NEVENT, PALLET J 

ENDIF 

RETURN 
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END 

SUBROUTINE SNDMES( PALLET ) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 

C EVENT 36 

C 

C 

C 
C C 
C SNDMES saids a -•saga. The inputs are I C 
C X136) is the tr-ansmission time C 
C X137) holds the queue nunber the message is to be placed in C 
C If XI 37) is zero then no message is stored C 
C X(38J is the signal code to be s-,t. If X138) is 0 then no C 
C signal code is sent. C 
C X(39) is the length of the message. The 11axi- is 10. C 
C This is 1.r1relatad to the transmission time as far C 
C as this av.-it is concerned. If X(39) is 0 then the C 
C attributes of the invoking -,ti ty are used as a C 
C message. C 
C X140) - Xl49) is the message C 
C XI 50) is the transmiHion line to be used C 
C The outputs are: C 
C An ev-,t 1199) scheduled after the transmission time C 
C The -,tity to arrive at ev-,t 99 is set up. The first 10 C 
C attributes are the message. Attribute 11 is the C 
C the 1Nssage is to be placed in aid attribute lZ is the C 
C signal code to be sent. C 
C C 
C 
C 
C 

Ver: 1.03 5/ 7/85 C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C0tt10N/SIM/D150J,DL(50),S150J,SL(50),X(501,DTNOH,TNOH,TFIN,J,NRUi 

REAL A(l5) 

INTEGER•Z PALLET, MESAGE, NA, LINE 

C Create a message 
CALL CREATE( MESAGE I 

C See if there is a message 
IF I Xl37) .NE. 0 > THEN 

C Find out where to get the inessage from 
IF I Xl391 .EQ. 0 I THEN 
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C 
C 

C 

C 

10 

ELSE 

ENDIF 

ENDIF 

Get the ... ssage fl"OII the of the calling 
-,tity 

CALL COPVI PALLET, A 

Get the -ssage fr011 XI 40 J "-" 
DO 10 NA• 1, INTI Xl39J ) 

AINA)• XINA+39J 

Set"-" to s-,d the~• sig,wl code -,d transmission line used 
AlllJ :1 )(137) 
Al lZJ • Xl38J 
Al 13 J • XI 50 J 

C Store the message 
CALL ASSIGNI l'IESAGE, A 

C Schedule the message to arrive after the trans111ission delay 
CALL SCHEDI l'IESAGE, 99, Xl36J J 

C Set the trar,s11isaion line busy 
LINE • XI 50 J 
XILINEJ • XILINEJ + 1 

C If the line -• already in use there is a Transmission ERRor 
IF I XILINEJ .GT. l J CALL TERRI LINE J 

RETURN 

END 

SUBROUTINE TERRI LINE J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 

C 
C 
C 
C 
C 

TERR prints an error -••age..,_, a -••age is s-,t on 
top of another message 

Ver1 1.00 5/ 7/84 

C 
C 
C 
C 
C 
C 

C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER•2 LINE 
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HRITEI•, 100 J LINE 
100 FORHATI '0', ..... Hassage on Line', I3, ' Overwriting Another', 

1 'Hassage ..... J 

RETIJRN 

ENO 

SUBROUTINE RCVHESI PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

EVENT 37 

RCVHES takes• 111essage front the queue Xl37J and stores it in 
X1401 through Xl49J. It re1110Ves the message entity fro111 the 
queue and disposes of it. The l~th of the 111essage is stored 
in Xl39J on exit. If there is no 1118ssaga Xl39J is set to O. 

Ver: 1.02 lZ/Z0/84 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C0tl10N/SUVDI 50 J ,DLI 50 J ,SI 50 J ,SLI 50 J ,XI 50 J ,DTNOH, TNOH, TFIN,J ,NRI.M 

INTEGER•Z HESAGE, NA 

C See if there is • 1118ssaga in the queue 
IF I NQIINTI X137J II .EQ. 0 J THEN 

C There is no -•saga 
Xl39J "' 0 

ELSE 
C There is • 1118ssage, gat it 

HESAGE = LFRI INTI Xl371 I J 

C Hove the message to XI 40 I - XI 491 
DO 10 NA= 1, 10 

XINA+391 = AIHESAGE, NAJ 
10 IF I XINA+39J .NE. 0 I Xl391 s NA 

C R8IIIOVe the message from the queue and dispose of it 
CALL REHOVEI HESAGE, INTI Xl371 I J 
CALL DISPOSI HESAGE J 
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ENDIF 

RETURN 

END 

SU3ROUTINE UPTASKI PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 

C 
C 
C 
C 
C 
C 
C 
C 

EVENT 50 

UPTASK UPdates the TASK list with the calling pallet. If the 
pallet is already on the task list, its -,try is updated with 
the attributes of the calling pallet. 

Yer1 1,00 2/16/85 

C 
C 
C 
C 
C 
C 
C 
C 
C 

C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER•Z PALLET, TASKLS, NPAL, NEHPAL 

REAL ATTRIBI 15 J 

C Find if the pallet is on the task list I~ 8), and if it 
C is, where on the task list it is. Use the pallet ,_.,.r 
C IAl7JJ as a guide in finding the pallet. 

C 
C 

C 
C 

NPAL • A( PALLET, 7 J 

DO 10 TASKLS = 1, NQl8J 

Check to s- if this -,try on the task list corresponds 
with the calling pallet 

10 IF I INTI Al LRAN(ITASKLS,8J, 7 J J .EQ. NPAL J GOTO 20 

The pallet is not on the task list 
Put a copy of the pallet on the task list 

CALL CREATE( NEHPAL J 
CALL COPY( PALLET, ATTRIB ) 
CALL ASSIGN( NEHPAL, ATTRIB 
CALL INSERT! NEHPAL, 8 J 

RETURN 

C The pallet is already on the task list, update the task list 
2D CALL COPY( PALLET, ATTRIB J 

CALL ASSIGNI LRAN(I TASKLS,8 J, ATTRIB J 
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RETURN 

END 

SUBROUTINE COHERR( CPU) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 

EVENT 51 
C 
C 
C 

C COHERR prints out an error message when there is a Cetu,ication C 
C ERRor when the mini host s-,ds data to the syst8ffl host. C 
C C 
C 
C 

C 

Ver: 1.00 Z/16/85 C 

C 

C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER•2 CPU 

NRITEl•,100) M( CPU) 
100 FORMAT( '0', '***** Invalid Character Received by the Syst-•, 

1 ' Host -•, /, ' ', •- Error on ~ication line', 
2 I2, ' -• ) 

RETURN 

END 

SUBROUTINE SETENT( ENTITY ) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 

C 

C 

C 
C 
C 
C 
C 
C 

C 

EVENT 98 

SETENT SETs up the CPU ENTities for the FMS IIIOdel. An -,tity 
is s-,t here at the beginning of each n.n. This routine can 
not be called froni PRIHE because this would cause HL to crash 
when PRIHE -s called. 

Var: 1.10 Z/13/85 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
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INTEGER*Z ENTITY, t1HN, CPU 

C Destroy the calling -,tity 
CALL DISPOSI ENTITY J 

C Create the syst- host polling -,titias 
CALL CREATE( CPU J 
CALL QUEUE( CPU, 11 J 

C Loop for the number of 111ini hosts I the number of IIIIIChinas J 
DO 10 HHN = 1, S 

C Create syst- host int•r~t routine -,tity 

C 

CALL CREATE( CPU J 
CALL SETHI CPU, HHN 
CALL QUEUE( CPU, 20 

Create mini host polling -,titias 
CALL CREATE( CPU J 
CALL SETHI CPU, NHN J 
CALL SETA( CPU, S, FLOAT( NHN J J 
CALL ENTER( CPU, 7 J 

C Create axis controller polling -,titias 
CALL CREATE( CPU J 
CALL SETHI CPU, t1HN 

10 CALL QUEUE( CPU, Sl 

REl\JRN 

END 

Sl.6ROUTINE NESARVI NESAGE J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C EVENT 99 C 
C C 
C NESARV stores a massage s-,t in the appropriate qi.-.. and sends C 
C the requested signal coda. The qi.-.. is stored in AlllJ and the C 
C signal coda is stored in All2J, If the signal coda is O then no C 
C signal coda is sent and if the qi.-.. is Ono massage is stored. C 
C C 
C 

C 
C 

Var: 1,02 S/ 7/84 C 
C 

C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
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C 

INTEGER•2 MESAGE, SIGCDE, LINE, QUEUE 

Cotl10N/SIH/D(SOJ,DL(SOJ,S(SOJ,SL(SOJ,X(SOJ,DTNOH,TNOH,TFIN,J,NRUN 

Said tha signal code if ,..._.sted 
SIGCDE = A( HESAGE, 12 J 
IF ( SIGCDE .NE. 0 J CALL SIGNAL( SIGCDE 

C Put tha 111essage in the ,..._.st.ct 
QUEUE= A( MESAGE, 11 J 
IF (QUEUE.NE, 0 J CALL INSERT( MESAGE, QUEUE 

C Reduce tha transmission line's utility 
LINE= A( MESAGE, 13 J 
XlLINEJ = XlLINEJ - 1 

RETURN 

END 
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§....2 PRIME.FOR 
$STORAGE:Z 
C 
C 
C PRIME.FOR 
C 
C by 
C 

C ttartin 
C 
C 2/16/85 
C 
C Thi• file contains the routines that are ru, at the begiming of 
C svery SINAN ru, of HL or Ft1S. It also contains the routine that 
C i• called at the end of svery SINAN ru,. 

C 
C 

Sl.8ROUTINE PRIHE 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 

C 

C 
C 
C 
C 
C 

PRIME call• the al.broutines that initialize the ayst-
before any SINAN ru,. 

Ver: 1.01 12/Z0/84 

C 

C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C Ask the user for any dwngea in the pa,....tera 
CALL ASKP 

C Initialize the trace 
CALL SETTR 

RET\JRN 

END 

Sl.8ROUTINE ASKP 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 

ASKP ia called before ac:h ru, of HL and Ft1S. ASKP the 
user to ir1",lt any of the IIOdel paruatera. The ir1",lt i• in 
the foMI 
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C 
C 
C 

C 

C 

C 

C 

•1 •2 •3 or 0 
In the first case, P( •1, •2 J is sat to •3. If zero is 
entered the simulation is started. 

Var: 1.01 12/20/84 

C 
C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

CHARACTER*80 LINE 

CHARACTER*l CHR(80J 

INTEGER•2 PTRl, PTR2, PTR3, I, PSET, PARM 

REAL VALUE 

C Prompt the user for input and input • line 
10 "RITE(•,lOOJ 
100 FORMAT( '0', 'Enter the pa.--tar and new val1a ', 

1 '(0 to execute the simulation): ',, J 

REAO( ., I USO) I ) LINE 

C Convert the input line into • character array 
READ( LINE, '(80A1J' J ( CHR(IJ, I• 1, 80 J 

C Convert the first input val1a into a nunbar 
CALL GETN11( 1, CHR, VALUE, PTRl J 

C Check for an invalid entry 
IF ( PTRl .GT. 80 J GOTO 10 

C Convert the input val1a to integer 
PSET = VALUE 

C Check to s- if the user is dona entering para-tars 
IF ( PSET .EQ. 0 J RETURN 

C Get the second input val1a, check for errors, convert to 
C integer 

C 

C 

CALL GETNl1( PTRl, CHR, VALUE, PTR2 J 
IF ( PTR2 .GT. 80 J GOTO 10 
PARM= VALUE 

Get the third runber and check for errors 
CALL GETNl1( PTR2, CHR, VALUE, PTR3 
IF (PTR3 .GT. 80 J GOTO 10 

Sat the para-tar specified to the desired val1a 
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CALL SETP(·PSET, PARtt, VALUE ) 

C Go back and get more il'1)Ut 
GOTO 10 

END 

SUBROUTINE GETtU1l STPTR, CHR, VALUE, ENDPTR) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C GETtU1 checks to see if there is a real nunber in the array CHR, C 
C starting at or after position STPTR, and if there is retums the C 
C nunber in VALUE. If there is not a real nunber in CHR, an error C 
C 
C 
C 
C 

C 
C 

-ssage is printed and the routine retums ENDPTR as 81. 
Normally, ENDPTR will be set to the position in CHR Nhere the 
decoded nunber -,dad. 

Yer: 1.01 12/20/84 

C 
C 
C 
C 

C 
C 

C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

REAL VALUE 

INTEGER•2 STPTR, ENDPTR, PTR, PTRl, PTR2 

CHARACTER•l CHRl80) 

CHARACTERtt80 LINE 

C Find the first non-blari<. cfwracter 
10 DO 20 PTR = STPTR, 80 
20 IF I CHRIPTR) .NE. ' ' ) GOTO 40 

C n. line -s blank, or there is an error in the nunber, 
C print an error massage and retum 

30 HRITEltt,tt) 'Invalid Il'1)Ut!' 

ENOPTR = 81 
RETURN 

C Check for illegal cfwracters until the next blank 
40 DO SO PTRl = PTR, 80 

IF l CHRIPTRl) .EQ. ' ' ) GOTO 60 
SO IF I I I CHRIPTRl) .LT. '0') .AND. I CHRIPTRl) ,NE.'•')) 

1 .OR. I CHRIPTRlJ ,GT. '9' ) ) GOTO 30 
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C Valid real nunmer, convert fNIII an ASCII array to an ASCII 
C variable 

C 
C 

60 HRITEI LINE, '180Al)' ) '0', ( CHR(PTRZ), PTRZ • PTR, PTRl-1) 

This line is needed (for an W11<ncN, reason!?!?> to lake the 
following line work 

HRITE( *,ZOO) 
ZOO FORMAT( '+', ' ' > 

C Convert fro111 an ASCII variable to a real nunmer 
READC LINE,•) VALUE 

ENOPTR • PTRl 
RETURN 

END 

Sl.8ROUTINE SETTR 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C SETTR sets '4' the trace. C 
C C 
C Yers 1.01 lZ/Z0/84 C 
C C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COttOVSIM/DC50),DL(50),S(50),SLl50),Xl50),DTNOH,TNON,TFIN,J,NRUN 

INTEGER•Z TRTit1E 

C Create an -,ti ty that will tum the trace on and off 
CALL CREATE( TRTIHE ) 

C Set the new ontities' first attribute to point to the first 
C time the trace condition will change ( Al 1 ) • Z > 

CALL SETA( TRTit1E, 1, z. ) 

C Sc:hlldule the next trace change ev-,t 
CALL SCHED( TRTIHE, 11, P13,Z> J 

RETURN 

END 
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SUBROUTINE NRAPUP 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C This routir. outputs a for111 feed to the sc,._, befor-e the SIHAN C 
C sunmary report is output. This puts the sunmary NpOrt on • C 
C di ffarant page than any trace output. C 
C C 
C 12/Z0/84 Var l, 01 C 
C C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

NRITE( *, 100 I 
100 FORMAT( 'l' I 

RETURN 

END 
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.!L.1. TRACE.FOR 
tSTORAGE:Z 
C 
C 
C TRACE.FOR 
C 
C by 
C 
C 11artin 
C 
C Z/16/85 
C 
C 
C This file contains FORTRAN sl.broutines for the tntee EVENTs 
C used in the SIHAN pl"Ogr-alftS HL and FttS. The pr-ogr-alllS are 
C described in the file HL.DES and FttS.DES. These routines -t 
C be lii«ed together Ni th the SIHAN FORTRAN sl.br-outines and the 
C FORTRAN sl.brout ines in the files PRI11E • FOR and EVENT. FOR to 
C a.,_ SIHAN ru, file, 
C 
C 

~ROUTINE TRACEI NTRACE, PALLET ) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C 
C 
C 
C 
C 

TRACE calls the appn>priate tr-ace printing sl.br-outine. 

Ver: l,Ol Z/16/85 

C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C 
C 

INTEGER•Z NTRACE, PALLET 

Call the eppn>priate trace routine 
GOTO 11, Z, 3, 4, S, 6, 7, 8, 9, 10), NTRACE 

C Tr-ace l is for "'-n e pallet arrives to the syst ... 
C Used by HL, 

l CALL ARRIVE! PALLET ) 
RETURN 

C Trace Z is for "'-n a pallet is .-..dy to aove to another 
C -chine I or the exit conveyor). 
C Used by HL. 

Z CALL l'IJVEI PALLET ) 
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C 
C 

3 

C 
C 

4 

C 
C 

5 

C 
C 

6 

C 
C 
C 

7 

C 
C 

8 

C 
C 

9 

C 
C 

10 

RETURN 

Trace 3 is used i,i,en • pallet gets use of the robot. 
Used by HL, 

CALL ROBOT( PALLET) 
RETURN 

Trace 4 is used when• pallet is done with the robot. 
Used by HL only. 

CALL DNROBOT( PALLET) 
RETURN 

Trace 5 is used i,i,en • pallet l•ves the syst ... 
Used by HL only. 

CALL FINISH( PALLET) 
RETURN 

Trace 6 is for i,i,en • pallet arrives to the syst-. 
Used by FHS. 

CALL FARRIY( PALLET) 
RETURN 

Trace 7 is for..,._,,• pallet is ready to move to another 
11111chine (or the exit conveyor), 
Used by FHS. 

CALL FHOYEl PALLET) 
RETURN 

Trace 8 is used when • pallet is done with the robot. 
Used by FHS only. 

CALL FDHROBl PALLET) 
RETURN 

Trace 9 is used..,._,,• pallet leaves the syst ... 
Used by FHS only. 

CALL FFINISl PALLET) 
RETURN 

Trace 10 is used when• pallet gets use of the robot. 
Used by FHS. 

CALL FROBOTl PALLET) 
RETURN 

END 

SUBROUTINE ARRIVE( PALLET) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
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C ARRIVE prints the trace information for a pallet that C 
C has just entered the systB111. Used by HL. C 
C Trace event 1. C 
C C 
C 2/16/85 Var Z.03 C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C 

CotttoN/SIH/DI SO 1,DLI SO I ,SI SO I ,SLI SO 1,XI SO I ,DTNOH, TNOH, TFIN,J,NRUN 

INTEGER PALLET, NPALLT, PTYPE, t11ACH 

NPALLT • Al PALLET, 7 
PTYPE 2 Al PALLET, Z I 

HRITEl*,1001 TNOH, NPALLT, PTYPE-50, INTI PIPTYPE, 11 
100 FORMAT( '0', 'Time:', F7.l, 'Pallet•, 13, 

l ' arrived. Pallet type:•, 13, •, Hachine Sequence: •, Il, \. I 

t11ACH = Z 
10 IF I PIPTYPE, t11ACH-ll .EQ. 6 ) GOTO 20 

HRITEI*, 150) INTI PIPTYPE, t11ACHI J 
150 FORMAT! '-', Il, \. I 

t11ACH 2 t11ACH + l 
GOTO 10 

Print the rurmar of pallets -iting on 
20 HRITEl*,2001 INTI Xll) ) 

200 FORMAT( /, I I There are', 
l • pallet( s I on the input conveyor' ) 

RETURN 

END 

the input conveyor 

13, 

SUBROIITINE 1'10VEI PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 

C 

C 
C 

HOVE prints the trace information for• pallet that is 
ready to move to another station or the output conveyor. 
The robot or next station are not necessarily ready for 
the pallet. Used by HL. Trace event 2. 

12/20/84 Var 1,02 

C 
C 
C 
C 
C 
C 
C 
C 

C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COtl10N/SIH/DISOl,DLISOJ,SISOJ,SLISOJ,XISOJ,DTNOH,TNOH,TFIN,J,NRUN 
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INTEGER PALLET, NPALLT, Cl1ACH, "'1ACH 

NPALLT = Al PALLET, 7 ) 
CHACH = Al PALLET, 3 ) 
"'1ACH = Al PALLET, 8 ) 

HRITEI•, 100) TNOH, NPALLT, Cl1ACH, "'1ACH 
100 FORl1ATI '0', 'Time:', F7,1, 'Pallet', 13, 

1 ' -s done at Machine', IZ, ', ready to move to Machine', IZ ) 

C Print the lllachines that are ~vailable 
CALL lH1ACH 

RETURN 

END 

SUBROUTINE ROBOT( PALLET) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ROBOT prints the trace information whenever• pallet 
gets use of the robot. This trace is output Nhen the 
robot is at the pallet's machine, not Nhen the robot 
starts moving to the pallet's machine, Used by HL. 
Trace avant 3. 

Z/16/85 Yer 1.03 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COl'l10N/SIH/D150J,DLl501,Sl50),SLl501,Xl50),DTNOH,TNOH,TFIN,J,NRlM 

INTEGER PALLET, NPALLT, "'1ACH 

NPALLT = Al PALLET, 7 I 
tf'IACH z Al PALLET, 8 ) 

HRITEI•, 100 ) TNOH, NPALLT, "'1ACH 
100 FORl1ATI '0', 'Time:', F7.1, 'Pallet', 13, 

1 ' -s picked by the robot, is on route to Machine', IZ ) 

RETURN 

END 

Sl.6ROVTINE DHROBOTI PALLET ) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
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C 
C 
C 

C 

C 

C 

C 

C 
C 

DHROBOT prints the trace information ...twn the robot is 
C 
C 

done with • pallet at • machining station. The processing C 
ti- for the pallet at the station is printed and a list C 
of pallets -iting for a nmchine or the robot is printed. C 
Used by HL. Trace avant 4. C 

12/20/84 Yer 1,02 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COl't10N/Sil1/D(50J,DL(50J,S(50J,SL(S0J,X(50J,DTNOH,TNOH,TFIN,J,NR\M 

INTEGER PALLET, NPALLT, CHACH 
REAL PTIHE 

NPALLT = Al PALLET, 7 J 
CHACH = Al PALLET, 3 J 
PTIHE • Al PALLET, 4 J 

HRITEI•, 100 J TNOH, NPALLT, CHACH, PTIHE 
100 FORHATI '0', 'Ti-:', F7,1, 'Pallet•, 13, 

1 'arrived at Machine', 12, '• Processing Ti- will be', F6,l, 
2 ' sac' J 

C Print which pallets are waiting for • nmchine or the robot 
CALL PHAIT 

C Print which machines are uiavailabla 
CALL lH1ACH 

RETURN 

END 

SUBROUTINE FINISHI PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C FINISH prints the trace information ...twn a pallet is dona C 
C with the system. It also prints a list of the pallets C 
C that are waiting for a machine or the robot. Used by HL, C 
C avant 5. C 
C C 
C 12/20/84 Yer 1.02 C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COl't10N/Sil1/0IS0J,DLIS0J,SIS0J,SLIS0J,XIS0J,DTNOH,TNOH,TFIN,J,NRUN 
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INTEGER PALLET, NPALLT 
REAL TSYS 

NPALLT = Al PALLET, 7 J 
TSYS = TN0N - Al PALLET, 1 J 

HRITEI •, 100 l TNON, NPALLT, TSYS 
100 FORMATI '0', 'Time:', F7,1, 'Pallet', 13, 'left the syst-.• 

1' It was in the syst-•, F7.1, 'sec,' J 

C Print Nhich pallets a.-. waiting for • machine or the robot 
CALL PHAIT 

C Print Nhich machines a.-. u,available 
CALL lHfACH 

RETURN 

END 

Sl.8ROUTINE FARRIVI PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 
C 
C 

C 
C 

FARRIV prints the trace infol"lllation for• pallet that 
has just -,tared the syst-. Used by FMS, 
Trace av-,t 6. 

2/16/85 Ver 1,00 

C 
C 

C 
C 

C 
C 

C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COtl10N/SIH/DIS0J,DLIS0J,SIS0J,SLIS0J,XIS0l,DTNON,TNON,TFIN,J,NRUN 

INTEGER PALLET, NPALLT, PTYPE, N1ACH 

NPALLT = Al PALLET, 7 
PTYPE • Al PALLET, 2 

HRITEl•,lOOJ TNON, NPALLT, PTYPE-50, INTI PIPTYPE, 11 
100 FORMATI '0', 'Time:', F7,1, 'Pallet', 13, 

1 ' arrived. Pallet type:', 13, ', Hachine Sequa,ce: ', Il, , J 

N1ACH = 2 
10 IF I PIPTYPE, N1ACH-1J .EQ, 6 l GOTO 20 

HRITEI•, 150) INTI PIPTYPE, N1ACH) ) 
150 FORHATI •-•, Il,, l 

N1ACH = N1ACH + 1 
GOTO 10 
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C Print the nullbtr of pallets waiting on the input conveyor 
20 HRITEl•,200) INT( Xl6) ) 
200 F0RHAT( /, ' '• There are', I3, 

1 ' pallet( s ) on the input conveyor' ) 

RETURN 

END 

SUBROUTINE FHOYE( PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 

C 
C 
C 
C 
C 
C 

C 

FHOYE prints the trace infornation for a pallet that is 
ready to move to another station or the output conveyor. 
The robot or next station are not necessarily ready for 
the pallet. Used by FttS. Trace avm,t 7. 

12/20/84 Ver 1.01 

C 
C 
C 
C 

C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

COtl10N/SIH/D(50J,DL(50),S(50),SL(50J,X(50J,DTNOH,TNOH,TFIN,J,NRlM 

INTEGER PALLET, NPALLT, CHACH, NHACH 

NPALLT = A( PALLET, 7) 
CHACH = A( PALLET, 3 ) 
NHACH = P( INT( A(PALLET, 2) J, INT( A(PALLET, 5) + 1) ) 

HRITEl*, 100) TNOH, NPALLT, CHACH, NHACH 
100 FORHAT( '0', 'Time:', F7,1, 'Pallet', I3, 

1 ' was done at Machine', I2, ', ready to 1110Ve to Machine', I2 J 

C Print ttw machines that are 1.W111vailable 
CALL lH1ACH 

RETURN 

END 

SUBROUTINE FDHROB( PALLET) 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 
C 

FDHROB prints the trace infornation ....,_, the robot is 
C 

C 
done with a pallet at a 111achining station. The processing C 
time for the pallet at the station is printed and a list C 
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C 
C 
C 
C 
C 

of pallets -iting for• machine or the robot is printed. C 
Used by FHS. Trace eva,t 8, C 

C 
12/20/84 Ver 1,01 C 

C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C0tl10N/SIH/DIS0J,DLIS0J,SIS0J,SLIS0J,XIS0J,DTNOH,TNOH,TFIN,J,NR\M 

INTEGER PALLET, NPALLT, CHACH 
REAL PTIHE 

NPALLT = Al PALLET, 7 I 
CHACH = Al PALLET, 3 I 
PTIHE a Al PALLET, 4 I 

HRITEI*, 100 I TNOH, NPALLT, CHACH, PTIHE 
100 FORHATI '0', 'Time:', F7.l, ' Pallet', 13, 

l 'arrived at Hachine', I2, ', Processing Ti .. will be', F6,l, 
2 • sec' I 

C Print the task list 
CALL PTASK 

C Print which machine• are ~vailabl• 
CALL lH1ACH 

REruRN 

END 

SUBROUTINE FFINISI PALLET I 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 

FFINIS prints the trace information wt-,• pallet is clone C 
with the systam. It also prints a list of the pallets C 
that are -iting for • machine or the robot. 
Trace eva,t 9. 

12/20/84 Var 1.01 

Used by FHS. C 
C 
C 
C 

C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C0tl10N/SIH/DIS0l,DLIS0),SIS0l,SLIS0l,XIS0l,DTNOH,TNOH,TFIN,J,NRUN 

INTEGER PALLET, NPALLT 
REAL TSVS 

NPALLT = Al PALLET, 7 ) 

FMS FORTRAN Listing 277 



TSYS • TNOH - Al PALLET, 1 J 

HRITEI *• 100 J TNOH, NPALLT, TSYS 
100 FORHATI '0', 'Time:', F7.1, 'Pallet', I3, 'left the syst-.• 

1 ' It was in the systeftl', F7.1, ' sec.' J 

C Print the task list 
CALL PTASK 

C Print which machines are IA'lavailable 
CALL lH1ACH 

RET\JRN 

END 

SUBROUTINE FROBOTI PALLET J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

FROBOT prints the trace information Hhenever a pallet 
gets use of the robot. This trace is output when the 
robot is at the pallet's machine, not when the robot 
starts 1110Ving to the pallet's machine. Used by FHS. 
Trace _ _,t 10. 

2/16/85 Ver 1.00 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C0tl10N/SIH/Dl50J,DLl50J,Sl50J,SLl50J,Xl50J,DTNOH,TNOH,TFIN,J,NRUN 

INTEGER PALLET, NPALLT, N'1ACH 

NPALLT = Al PALLET, 7 J 
N'1ACH = Al PALLET, 8 J 

HRITEI*, 100 J TNOH, NPALLT, t11ACH 
100 FORHATI '0', 'Time:', F7.1, 'Pallet', I3, 

1 • was picked up by the robot, is on route to Machine', IZ ) 

RET\JRN 

END 

SUBROUTINE CHGTRI TRTIHE J 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
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C C 
C CHGTR is used to change the trace status for both HL and fl1S. C 
C Evm,t 11. C 
C C 
C Ver: 1.04 Z/16/8S C 
C C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C01'110N/SIH/DISOJ,DLISOJ,SISOJ,SLISOJ,XISOJ,DTNOH,TNOH,TFIN,J,NRUII 

INTEGER*2 TRTIHE 

C Switch the trace status 
IF I Pl 3,1 I .EQ, O. I THEN 

C Set the status to 1 

ELSE 

C 

ENOIF 

CALL SETPI 3, 1, 1,0 I 

Set the status to O 
CALL SETPI 3, 1, 0.0 I 

C Incr-,t the pointer to the next change tiffl8 I Alli• Alli+ 1 I 
CALL SETAI TRTIHE, 1, Al TRTIHE, 1 l+l I 

C Schedule the next trace change 
CALL SCHEDI TRTIHE, 11, Pl 3, INTIAI TRTIHE, 1 JI 1-TNOH I 

RETURN 

END 

Sl.6ROUTINE PHAIT 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 
C 

C 
C 

PHAIT prints• list of the pallets that are -iting for 
• machine or the robot. Used by HL. 

12/ S/84 Ver 1.01 

C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER~, NPALLT, NHACH, PALLET 
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C Print the heading 
HRITEI *• 100 J 

100 FORHATI ' ', • Pallets -iting for the robot or' 
l 'a machine:' J 

C See if there are any pallets -iting 
IF I NQl8J ,EQ, 0 J THEN 

C If not, then print that there are none 

C 

C 

HRITE I *, 200 J 
200 FORHAT( ' ' None• J 

300 
l 

10 

ELSE 
If there are pallets -iting print ...tiich ones 

DO 10 RM« = 1, NQI 8 I 

ENDIF 

RETIJRN 

END 

For -ch pallet print a line 

PALLET= LRM«I RAN(, 8 
NPALLT = Al PALLET, 7 J 
N1ACH • Al PALLET, 8 J 

HRITEI *• 300 J NPALLT, N1ACH 
FORHATI I I , I 

'waiting for nachine', 12 J 

CONTIMJE 

Pallet' , 13, 

~ROUTINE PTASK 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 
C 
C 
C 
C 

PTASK prints the task list of pallets in the syst- and 
the pallets on the i~t Cf'MU9• 
Used by FHS. 

12/ 5/84 Var 1,01 

C 
C 

C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C 

INTEGER RAN(, NPALLT, N1ACH, PALLET 
REAL STATUS 

Print the heading 
HRITEI *• 100 J 
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100 FORMAT( ' ', ' n. Task List:• ) 

C See if ttw task list is einpty 
IF I NQl8) .EQ. 0 ) THEN 

C If it is, print that it is 

C 
C 

C 

C 

C 

200 

300 

C 
C 

C 

C 

400 

10 

ELSE 

1 

1 

1 

ENDIF 

HRITE I *, 200 ) 
FORMAT( I I' Empty' ) 

If ttw task list is not einpty, print ttw status of each 
pallet 

DO 10 RAN<• 1, NQl8) 

For -ch -,try print a lina 
PALLET= LRAN<I RAN<, 8) 
NPALLT = Al PALLET, 7) 
STATUS= AC PALLET, 9) 

Check to find ttw pallet's status 
IF I STATUS .EQ. 1 ) THEN 

n. pallet is busy on• •china 
N1ACH • AC PALLET, 8) 

ELSE 

HRITEI *, 300 ) NPALLT, N1ACH 
FORMAT( I I ' I Pallet ' , I3, 

' is busy on -china', I2 ) 

n. pallet is -iting for a ..china 
Check ttw pallet's '4)Clate status 

IF I STATUS .EQ, 0) THEN 

ELSE 

ENDIF 

n. pallet has not bean '4)Clated 
N1ACH = PC INT( ACPALLET, 2) J, 

INTI AIPALLET, SJ+ 1 J J 

Ttw pallet has bean '4)Clated 
N1ACH = AC PALLET, 8 J 

HRITEI *, 400 J NPALLT, N1ACH 
FORMAT! I I' I Pallet' , I3, 

• waiting for ..china', 12 ) 

ENOIF 
CONTINJE 
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C Print which pallets are in the input quM.a 

CALL PINQ 

RETURN 

END 

SUBROUTINE PINQ 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C PINQ prints the pallet nuimars of the pallets that have entries C 
C 

C 
C 

C 
C 

in the input quM.a. 

Var: 1.01 12/20/84 

C 

C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER•2 RAJ«, PALLET, NPALLT 

C Print the heading 
NRITEl •• 100 J 

100 FORMAT( ' •, ' 

C Check to•- if there are r,y pallets in the input quM.a 

IF l NQl9J .EG. 0 J THEN 

C The input quM.a is mpty 

C 
C 

NRITEI *,200 I 
200 FORMAT( 'None' J 

ELSE 
There is something in the input quM.a 

Print the first pallet waiting 
PALLET= LRAt«I 1, 9 J 
NPALLT = Al PALLET, 7 J 
NRITEl*,300) NPALLT 

300 FORMAT( I3,, J 

C Print the remaining pallets 

10 
350 

DO 10 RAJ« • 2 , NQl9 J 

PALLET= LRAf«l RAJ«, 9 
NPALLT = Al PALLET, 7 
NRITEl•,350) NPALLT 
FORMAT( ' , ' , I3, , J 
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C Finish the line off 
•• 

ENDIF 

RET\JRN 

END 

SUBROUTINE lHtACH 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C lff1ACH prints which machines are u,available, C 
C Used by HL and FNS. C 
C 

C 
C 

12/ 5/84 Yer 1,01 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

INTEGER NJNAYL, UNAYLI 5), MACH 

C Find out which 11achines are uwvailable 

C 

NJNAYL = 0 
DO 10 MACH= Z, 6 

IF I NRIMACHJ .GT. 0 J THEN 
If the machine is busy, save the machine ,--,ber 

NJNAYL = NJNAYL + 1 
UNAYLINJNAYLJ = MACH 

ENDIF 
10 CONTINUE 

IF I NUNAYL ,EQ, 0 J THEN 

C If all machines are available, print it! 
HRITEI *• 100 J 

100 FORHATI , All -chines are available' 

ELSE 
C Print which .. chines are w.vailable 

HRITEI *• ZOO J UNAYLIMACHJ, MACH= 1, NJNAYL 
ZOO FORHATI • ' Unavailable machines:', 513 J 

ENDIF 

RETURN 

END 
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tsTORAGE:2 
C 
C 
C SINPRE.FOR 
C 
C by 
C 
C 1111rtin 
C 
C 2/ 8.'85 
C 
C 

Appendix H 

SIMAN PREPROCESSOR 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C SINPRE is• preprocessor for SIHAN files. The -in reason C 
C for it'• existence i• to allow ~ts an AHY lirw of • C 
C SIHAN file. Any conw,t preceded by • tilde I .. J will C 
C be by this preprocessor. In addition, no.--1 C 
C C0111111a1ts are also stripped off to reduce the size of the C 
C file to be processed by SIHAN. In addition to r81110'Ving the C 
C tilde ~ts, this prograa attempts to put any partial C 
C stat-,t an the line. Thi• is done for two reasons. C 
C on. is to reduce the size of the file sent to SIHAN. The C 
C other, and _,,.. reason, is that SIHAN CD1111iands C 
C do not work ...t-, thay are split anto two lines. E><a111ples C 
C are the DISCRETE and REPLICATE el...,,ts in the e>cperi-,tal C 
C 
C 
C 

C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 

CHARACTER•l CHR, SAVE174J 
INTEGER•2 ICHR, LLEN, POINTR, I, FUG, NTABS 

C 
C !MIT 3 IS THE INPUT FILE 
C lMIT 4 IS THE OllTP\IT FILE 
C 

OPENI 3, FILE•' '• STATIJS•'OLD', FORN•'BINARY' 
OPENI 4, FILE•' '• STATIJS•'NEN', FORN•'BINARY' 
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

This section of code is used to transfer data from the 
input file to the output file. It checks for semicolons, 
commas, colons, line feeds, and .,,cl of file markers. 
If any of these symbols are fcx.nd the program will 
branch to code to handle these special characters. 
If none of these characters -re fcx.nd the program just 
loops through this section of code l.l"'ltil • special 
character is fcx.nd. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

S LLEN = 0 

C 
C This section of coda removes lines which are blari<. or have 
C only conwnants on tt-. 
C 

6 READ13) CHR 
ICHR = ICHARI CHR ) 

C Expand tabs to 8 blaMs 

9 

IF I ICHR .EQ. 9) THEN 
CHR = I I 

ICHR = 32 
DO 9 NTABS • 1, 8 

LLEN = LLEN + 1 
SAVEILLENJ = CHR 
CONTINUE 

ELSE 
LLEN = LLEN + l 
SAVEILLEN) = CHR 

ENDIF 

C Check for the .,,cl of the file 
IF I ICHR ,EQ. 26 J GOTO 70 

C Check to see if the line is empty, or has only• conwnant. 
C To do this check to•- if the first non-blaM, non-tab character 
C is • samicolon, tilde or carriage raturn. 
C 

IF I I ICHR .EQ. 59 J ,OR. I ICHR .EQ. 126 ) ,OR. 
1 I ICHR .EQ. 13 J J THEN 

C Remove everything up to and including the line feed 
7 READl3J CHR 

IF I ICHARI CHR ) .EQ. 10 J GOTOS 
GOTO 7 
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ENDIF 
C Keep looping as long as there are lading blanks 

IF I ICHR .EQ. 32 J GOTO 6 
C If there are no 110re leading blanks, we must save the line 

DO 8 I= 1, LLEN 
8 HRITEl4J SAVEil) 

C 
C This is the .. in part of the input loop 
C 

10 READl3J CHR 
15 LLEN = LLEN + 1 

ICHR • ICHARI CHR 

C Check for a tab and convert it to blanks...., to the next tab 
C stop ll+ntt8J 

IF I ICHR .EQ. 9 J THEN 
CHR = I I 

ICHR = 3Z 
l = INTI lllEN-lJ/8 J • 8 + 8 
DO 16 I= LLEN+l, l 

16 "RITE(4J CHR 
LLEN,. l 

ENDIF 

C Save the character 
HRITE(4J CHR 

C Check for sanicolon 
17 IF I ICHR .EQ. 59 J GOTO ZO 

C Check for con., colon, slash 
IF ( ( ICHR .EQ. 44 J ,OR. ( ICHR .EQ. 58 ) ,OR. 

1 ( ICHR ,EQ. 47 J J GOTO 30 
C Check for a,d of line ( line feed J 

IF ( ICHR .EQ. 10 J GOTOS 
C Otherwise, go get the next character on this line 

GOTO 10 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 

C 
C 
C 
C 
C 
C 

This section of code removes everything after• sanicolon 
u,til a carriage retum is fou,d lu,til the a,d of the 
line is fou,d J. The carriage re tum is saved in the 
output file. 

C 

C 
C 

C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
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20 READl3J CHR 
IF I ICHARI CHR J .EQ. 13 J GOTO 15 
GOTO 20 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C This section of the is used to reinove any C 
C trailing blanks or tabs after a~, colon or slash. It C 
C checks to s- if a tilde connent is pres.,t. If one is, C 
C the prograa branches to the section of code that C 
C removes the comment. This section of the progra111 also C 
C checks if the end of a line is reached. If the end of C 
C the line is reached, the program j~s to the section C 
C of code that s-s if two line can be concat-ted. C 
C C 
C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

30 READl3J CHR 
ICHR = ICHARI CHR J 

C Check for• space or tab 
IF I I ICHR ,EQ, 32 J ,OR, I ICHR ,EQ. 9) ) GOTO 30 

C Check for a tilde 
35 IF I ICHR .EQ. 126 J GOTO 40 

C Check for the end of the line !carriage retum) 
IF I ICHR ,EQ, 13 J GOTO SO 

C Otherwise, go and save the character 
GOTO 15 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C C 
C This part of the program N11110Ves everything after a C 
C 
C 
C 

C 

tilde U'\til a carriage retum is fou,d, .,.,_, a carriage 
retum is fou,d, the progra111 falls through into the 
chack to s- if two lines can be concat .. ted. 

C 
C 
C 
C 

C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

40 READl3) CHR 
IF I ICHARI CHR J .NE, 13 J GOTO 40 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
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C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 

This section of coda inputs and saves the second lirw 
in an attempted concat-tion. n. lirw is saved in 
11181110ry. Some of the coda above is repeated for the 
input of the second line. n. coda is modified to -t 
the needs of this section of coda. n. line is input 
only as far as is needed to•- if the lines can be 
joined. After the needed part of the lirw is input, 
the program goes to the next section of coda that decides 
whether or not to join the lines. 

n. variable FLAG is used to keep track of which mode 
we ware in...._, the end of the second lirw was reached. 

C 
C 
C 

C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C If FLAG equals O, then we ware in nonnal input and save C 
C ...._, the end of the line was reached. If FLAG equals 1, C 
C then we ware ramoving trailing blanks and tabs after a C01111111, C 
C 
C 

C 
C 
C 
C 

colon or slash. After a decision is made about joining 
the lines, FLAG is checked and the program goes to the 
appropriate section of coda in the main part of the 
progMIII above. 

C 
C 

C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

50 FLAG = 1 
C Read the lirw feed 

READ(3) CHR 
READl3) CHR 

C Check for the end of the file 
IF I ICHAR( CHR ) ,EQ, 26 J THEN 

HRITEl4) CHARllO) 
HRITE14) CHARl13) 
HRITEC4) CHR 
GOTO 70 

ENOIF 
POINTR • 1 

C Ha are still N110Ving blanks and tabs after a C01111111, colon or slash 
GOTO 58 

C 
C Input and save characters on the second lirw. Check for the 
C and of the useful lirw and for conias, colons and slashes. 
C n. and of the useful lirw is signified by a carriage retum 
C or a sanicolon. 
C 

55 READl3) CHR 
56 ICHR = ICHARI CHR > 

C Change tabs to blanks 
IF I ICHR ,EQ. 9) THEN 

SIMAN Preprocessor 288 



CHR = ' ' 
ICHR = 32 
SAVEIPOINTRJ = CHR 
POINTER= POINTR + 1 
LLEN = LLEN + 1 

ENDIF 

SAVEIPOINTRJ = CHR 
POINTR = POINTR + 1 
LLEN = LLEN + 1 

C Check for the end of the useful line (check for s-icolon 
C or carriage return J 

IF I I ICHR .EQ. 59 J .OR. IICHR .EQ. 13 J J GOTO 60 
C Check for no comma, colon or slash 

IF I .NOT. ( ( ICHR .EQ. 44 J .OR. ( ICHR .EQ. 58) .OR. 
1 f ICHR .EQ. 47 J J ) GOTO 55 

C 
C R111110Ve any trailing blaMs or tabs after a con., colon or slash 
C Also check for the end of the useful line. 
C 

FLAG = 1 
57 READf3) CHR 
58 ICHR = ICHAR( CHR I 

C Check for blaMs and tabs 
IF ( ( ICHR .EQ. 32 I .OR. ( ICHR .EQ. 9) ) GOTO 57 

C Check for the encl of the useful line ( carriage return or tilde I 
IF ( ( ICHR .EQ. 13 ) .OR. ( ICHR .EQ. 126 J ) GOTO 60 

C Otherwise, store the character 
FLAG= 0 
GOTO 56 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

The next section of code decides if the two lines can 
be joined together. They can be joined if the length 
of the new line is less than or equal 
to 74 characters. If the lines can be 
concatenated, the SAVE array in 11181110ry is 
copied to the output file. The SAVE array contains the 
second line without leading carriage return, line feed 
or leading blaMs. If the lines can not be concat-tad 
the leading carriage return, line feed and 9 blaMs 
must be stored in the output file before the SAVE array 
can be stored. The blaMs are needed if this is the 
HODEL frame. After saving the second line on disk, 
control retu~ to the main portion of the program. 
1-fwre in the progra• to go is based on the state of FLAG. 
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C C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

60 IF I LLEN ,LE. 74 J THEN 
C Combine the lines: store SAVE in the output file 

DO 62 I= 1, POINTR-1 
62 HRITE14J SAVEIIJ 

IF I FLAG ,EQ. l J GOTO 35 
GOTO 17 

ELSE 
C Don't combine the line• 

HRITEl4l CHAR113J 
HRITE(4J CHARllOJ 
DO 67 I= 1, 9 

67 HRITEl4J CHARl32l 
DO 68 I= 1, POINTR-1 

68 HRITE14J SAVEIIJ 
LLEN • POINTR + 8 
IF I FLAG .EQ. l J GOTO 35 
GOTO 17 

ENDIF 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
C C 
C 
C 
C 
C 
C 

This last section closes the files .,,d quits the 
program. 

C 
C 
C 
C 
C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

70 CLOSE( 3 l 
CLOSEl4l 

STOP 

END 
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