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PREFACE

This dissertation includes a feasibility study and partial
development of & general purpose simulation model that can be used
te study the operational aspects of constant speed discretely spaced
recirculating complex conveyor systems. The study includes both a
general and a detailed description and explanation of the model
development which utilizes a modular format. These modules are
stacked together like building blocks to construct the entire conveyor
system. In order to test the feasibility of the approach and validate
the model, the simulation modules are used to simulate the operation of
two lafge manufacturing companies' recirculating conveyor systems. The
simulation modules are written in General Purpose Simulation System
language for the IBM 360 Model 65 computer. Source listings, flowcharts,
and simulation outputs are included in this research.
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CHAPTER I
INTRODUCTION

The principle objective of this research is to demonstrate the
feasibility of a general purpose simulation model which can be used
to study and dévelop an understanding of the operational aspects of
constant speed discretely spaced recirculating complex conveyor
systems. It is not the purpose of this research to develop that
all-encompassing model; but only to demonstrate the feasibility of
the approach.

Many industrial manufacturers use recirculating conveyor
systems not only for transporting goods to various locations in
the plant but also for storing goods and for smoothing out
irregularities in the flow of goods to loading and unloading stations.
There are many types of recirculating conveyor systems, such as:
drag line or tow line conveyors, bucket conveyors, overhead mono-
rails, suspended tray conveyors, trolley conveyors, carrousels,
and towveyors. Regardless of the basic type, all are typified
by running at a constant speed, having discretely spaced hooks
or dogs, and recirculating or forming a closed loop. All are often
referred to as powered line conveyors.

The conveyor system in a manufacturing plant is merely a subsystem
of the entire integrated system. The design of the conveyor subsystem

must be carefully considered since the conveyor interacts with a great



many other subsystems of the plant. Both the mechanical and the
performance aspects of its désign must be dealt with. The mechanical
aspects of the design problem such as conveyor dimehsions, conveyor
strength, frame structuré, installation factors, size of the drive
unit, starting loads, maximum imposed loads, and method of lubrication
appear to be well understood. ©Solutions to these types of problems
can be found with existing scientific and mathematical techniques.
The performance aspects of the design problem such as capacity and
utilization of the conveyor as an in-process storage device, traffic
density, potential bottlenecks in the system, utilization of load

and unload stations, and average queues that form at the various
points are not well understood. Solutions to these types of problems
can not readily be found. The combinatorial aspects of these

types of problems are so large that the solution defies analytical
techniques such as thé direct application of numerical analysis or
classical queueing theory.

Many of the performance aspects of recirculating conveyor
systems are a result of relationships between and among other
characteristics and parameters that are not presently understood.

A search of the literature indicates that there is neither the
data nor the methodology available to define these relationships

or study the performance characteristics.
Research Objectives

In order to demonstrate the feasibility of a general purpose
simulation model which can be used to study recirculating conveyor

systems, five subobjectives were undertaken sequentially:



1. The examination and analysis of the functional components of
a particular complex integrated conveyor system, with the
objective of identifying the functional components and
parameters of the system.

2. The identification and description of the components and

~parameters of the types of interfaces that do occur between
the functional components of the complex recirculating
conveyor system.

3. The development and encoding of a computer simulation model
using a modular format to represent the functioning of
the components identified in 1. and 2. above.

4. The demonstration that the "plug-in" simulation modules
provide a feasible approach for building a general purpose
simulation model.

5. The use of the "plug-in" simulation components to simulate
the recircﬁlating conveyor system referenced in 1., 2., and
3. above to validate the model logical construction, and
further validate the simulation modules and demonstrate the
feasibility of the approach by using the modules to simulate

another unrelated recirculating conveyor system.
Stages of the Investigation

The investigation took place in four distinct stages. The first
stage coﬁsisted of selection and study of a particular complex
conveyor system, The system chosen for analysis was the warehouse
distribution system of a large manufacturing company. This researcher

was required to refrain from identifying the company.



The company had kindly consented to cooperate in this research,
and several personal visits to the company were necessary to study
the system and obtain the data about the system that was available.

The model construction and validation, the second stage,
was the most time consuming. The model was encoded in General
Purpose Simulation System (GPSS), simulated, and velidated in the
Oklahoma State University IBM 360 Model 65 Computer.

The third stage was a simulation of the manufacturing company's
conveyor system and a validation of the model by evaluating the
results of the simulation.

The fourth stage was a simulation of another recirculating
conveyor system of a manufacturing company which also wishes to
be unneamed.

Before proceeding into a description of the first conveyor
system chosen for study, a brief review of the literature will be

presented.



CHAPTER IT
LITERATURE REVIEW

This chapter summarizes the present state of knowledge
applicable tc this research by a summary of the publishedeork
that has been accomplished in thé past fifteen years. Before
proceeding to thé litérature review, a framework must be estab-

lished to classify the prior’research.
Classification of Conveyor Research

The type of conveyor system that has been used for study in
this research is the constant spéed discretély spaced recirculating
conveyor system. This type of conveyor system was selectéd because
it was believed that a general purpose simulation model could
be developed to study the performance aspects of any particular
constant speed discretely spaced recirculating conveyor system.

The primary objective of this research is to demonstrate the
feasibility of a general purpose simulation model. ' The three
characteristics of conveyor systems studied in this dissertation
will be used as a framework within which to classif& prior
research. Regardless of the actual form it may take such as
overhead trolley, suspended tray, tow line, etc., the conveyor
system must possess these three charactéristics: (1) it must

run or move at a constant speed, (2) it must have discretely



spaced hooks or dogs which may or may not be loaded with goods,
and (3) it must be a recirculating éystem or it must form one

or more closed loops in which goods placed on the conveyor can
pass a given point in the system more than once. If a particular
conveyor system lacks one or more of these characteristics,

it can not be analyzed or studied by the research approach
presented in this study.

The first necessary characteristic that a conveyor system
must possess is it must run at a constant speed. The so called
"power and free" type conveyors do not meet this requirement
because the hooks or dogs may be stopped at locations along the
conveyor for random periods of time. Also large systems which
consist of many subsystems that move at different speeds do not
meet this requirement.

The second necessary characteristic is the conveyor must
consist of discretely spaced hooks or dogs which may or may not
be loaded. This means that the distance between adjacent hooks
of the conveyor is a constant. Let k be the constant distance
between adjacent hooks. Then the loads on the hooks would
occur at spacings of nk where n is an integer random variable
(n=1, 2, 3, 4, **°). Most endless belt conveyors do not meet
this requirement. A belt load such as sand, grain, or ore
would obviously not bevspaced discretely but is spaced continuously
along the belt. Even unit loads on an endless belt do not meet
the requirement since the distance hetween adjacent loads is a
continuous random variable. Some types of éndless belt conveyors

are fitted with discretely spaced dividers which means that the



belt has "hooks" or load positions which are uniformly spaced
but not necessarily uniformly occupied.

The third necessary charactéristic is the conveyor must
recirculate or form one or more closed looﬁs. Many types of
short feeder conveyors such as endless belts, rollers, or powered
rollers do not recirculate goods which fail to be removed
from the conveyor but simply dump them off at the end. Large
complex conveyors especially the tow line type may be used
for delivery of goods to a great number of locations in a plant
or a warehouse. Often these types of systems form several closed
loops. In these conveyors, loaded or unloaded carts can take
a variety of routes to pass a given point in the system more
than once. Simple systems such as carrousels and single loop
overhead trolley type continuous chain conveyors frequently

form an easily recognizable single closed loop.
Prior Research

After an extensive literature review, it was evident that
no researcher has attempted to study or develop the model
proposed by this dissertation. The prior investigations sum-
marized below do not in most cases relate directly to the particular
conveyor system that is the subject of this study; however, all
of them deal with materials handling or the various aspects of
conveyor theory or application.

Probably the first to study some of the performance aspects
and mechanical principles of conveyor systems was Kwo (14). The

system that he studied was a recirculating overhead suspended



hook type conveyor which was fed by a single load station and
unloaded by an unload station. The mathematical equations that he
developed showed how to calculate limiting valués of conveyor
speed, capacity, and uniformity of loading. In a later study

by Kwo (15), he crystallized the design problem of overhead
recirculating conveyor systems and presented a method of arriving
at feasiblé conveyor designs. He lists twelve steps in the
design process which include solving mathematical equations
developed by Kwo as design criteria. At about the same time
Helgeson (12) was also working on the design problem of overhead
recirculating conveyor systems. He developed a theory useful

in the study of these conveyors which link a production system
with uncertain production rate with a using system with uncertain
consumption. Thesé production and using systems were subject

to severe mechanical limitations imposed by such a conveyor.

He also developed a practical planning technique including the
use of a nomograph to assist the conveyor systems planner in
achieving a better solution to the conveyor systems design

1"

problem than by the "rule of thumb" techniques that were commonly

in use.

Palm (20> and Khinchine (13) were two of the early researchers
in the area of randomly spaced nonrecirculating waiting line
systems who through the use of queueing theory studied the over-
flow problem. Their solution techniques were applied to conveyor
systems by Disney (9, 10) who studied randomly spaced nonrecircu-

lating conveyor systems as a delivery device for one and two

channel unloading stations. His solution technique utilizes



multichannel ordered entry queueing theory, and he also develops
system performance equations for local storages positioned between
the conveyor and the unload station. In a later continuation of his
work in these types of conveyor systems, Cinlar and Disney (7) study
the overflow problem first examined by Palm (20) and Khinchine (13).
Cinlar and Disney (7) develop a distribution of a stream of overflows
from a finite queue from randomly spaced nonrecirculating conveyor
systems in which the processes are Markovian. In an extension of the
work of Disney (9, 10), Gupta (11) researched the use of generating
functions to produce a new solution technique to the two channel
queueing problem with ordered entry.

Among the first researchers to study how a conveyor affects an
unload station, if the unload station is a work station, were Reis and
Hatcher (24) and Reis, Dunlap, and Schneider (25). This early work
was extended by Reis, Brennan, and Crisp (26) who used a Markovian
type analysis for the delay at the conveyor supplied work stations.
They also developed a set of work rules for the operation of the work
station. In another extension of this research by Beightler and
Crisp (2) the work station problem was formulated as a discrete time
queueing process to improve the work rules. Crisp, Skeith, and Barnes
(8) continued the work on conveyor supplied work stations using
simulation.

In a more general context, Morgan (16) examines a two-link
materials handling system exemplified by a set of shovels in the first
link dumping material into a hopper. The hopper is emptied into a
fleet of trucks that transport the material in the second link. The

solution technique involves the solution of a set of simultaneous
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equations dealing with system parameters.

Pritsker (16) uses both simulation and ordered entry gueueing
theory to examine both recirculating and nonrecirculating conveyor
systems which supply more than one work station. The work stations
may or may not have a local storage capacity. With respect to his
work in recirculating conveyor systems, he found through simulation
that whén the rate of recirculation became significant, the multi-
channel gqueueing theory no longer accurately predicts the probabili-
ties assocliated with system performance parameters. In an extension
of Pritsker's work, Phillips (21) and Phillips and Skeith (22) also
used simulation to study randomly spaced recirculating conveyor
systems. These simulation models considered the recirculation aspects
of conveyor systems differently. Pritsker (16) worked with a constant
delay for goods which are recirculating. Phillips and Skeith (22)
force a queue to form if the recirculating conveyor is occupied which
caused the recirculation delay to be a random variable rather than a
constant. The remainder of this chapter includes the more recent
developments in conveyor research.

Burbridge (4) used GERT to analyze a particular conveyor system
which has both primary and recirculating arrivals. The conveyor
system of Interest has one unloading station which has a local stor-
age. Units arrive at the loading station from an outside source or
from the conveyor. If the local storage is full, the units arriving
from the conveyor must recirculate and arrive again at a later time,

Agee and Cullinane (1) present a methodology for determining the
transient responsé of a two link materials handling system. A

straight line gravity feed conveyor connecting two production centers
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is an example of such a system. The system is modeled as a non-
recirculating, multiple source, multiple server, limitéd waiting
space queueing process,

Brady (3) examines the effect of operator work time variability
in fixed transfer and in free transfer conveyor systems. The com-
parisons made indicate.the superiority of the free transfer system
in terms of output efficiency and Jig requirements under specified
conditions.

The early work of Muth (17) dealt with continuous flow conveyors.
He studied recirculating conveyors that were used both as a delivery
and a storage device. Later work by Muth (18, 19) examined closed
loop conveyor systems with discrete material flow. This work
extended a previous solution to the problem of conveyor design for
arbitrary loading and unloading patterns. Solutions to difference
equations representing material flow were obtained numerically by
generalized matrix inverses. Several specific cases were presented
graphically.

The most significant contribution to the research of constant
speed discretely spaced recirculating conveyor systems was that of
Bussey and Terrell (5, 6). They used simulation to study a single
loop constant speed discretely spaced recirculating conveyor. The
conveyor was supplied by a single server and unloaded at n unload
stations.

The simple single loop model of Bussey and Terrell is a starting

point and provides a spring board for this research.



CHAPTER IIT
CONVEYOR SYSTEM DESCRIPTION

The recirculating conveyor system of the first manufacturing
company was chosen for study because it is sufficiently large and
complex to adequately accomplish the research objectives set forth
earlier in this dissertation. The conveyor system moves
finished goods through a 500,000 square-foot warehouse via a
sub-floor towline conveyor. The towline looks like a chain
‘running in the floor with "hooks" spaced every twenty one feet
along the chain. Each of these hooks may or may not be pulling
a cart along with it. There are 380 carts in the system at all
times.

A floor plan diagram of the conveyor system is shown in
Figure 1. Among its functions are delivery of finished goods
from manufacturing to storage or from storage to the rail and
truck docks and delivery of incoming goods from the rail and
truck docks to storage. The main loop shown in Figure 1 by a
dashed line is 5600 feet long, and the towline travels at TO feet
per minute. However, each cart may not be required to travel
the entire length of the main loop. Carts may be programmed
manually for any of 20 destinations around the loop, and they
will always travel the shortest distance to arrive at their

destinations. The destinations are any one of the non-powered

12
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spurs at the ends of storage aisles. The following carts push the
carts into the spur. After unloading and or loading it is manually
brought back to the powered towline and programmed for a new desti-
nation. Carts are programmed manually by moving magnet-tipped probes
at the front of each cart. As the cart moves along the loop, the
probes activate reed switches embedded in the floor, causing switches

to open which send the cart to its proper destination.

P e e P e
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Rail Dock
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e = = = < = 4] [r = < -
l ‘L l J’Production
X

4‘ L' — o — -1 T l Programmer
S ————
l L L J (1 -
| F.L:.g«_.l — —| | )

From
' ¢ J ) 2 '} l”Manufacturing
4 L.....)._...' L' — « —J
L

Truck Dock

Figure 1. Conveyor Diagram



Each cart weighs 500 pounds, and it may be traveling loaded
or unloaded. The carts are loaded and unloaded by fork 1lift

trucks which either place or remove pallets of finished goods

1k

on or off the carts. The cart is then programmed for a destination

by the fork 1lift truck operator and placed back on line.
Finished goods which enter the warehouse from the manufacturing
area via fork lift trucks are loaded on empty carts. The carts
are then programmed for a destination in the warehouse by the
production programming dispatcher. Computer punch cards are
supplied to him daily or sometimes even hourly to tell him the
proper destination for each load. If the destination or spur
for which the cart is programmed is full, the cart will
recirculate on the portion of the conveyor which forms the
shortest cloéed loop past its assigned destination rather than
recirculating the entire loop. Transfer sections allow carts to
take a short-cut between sections of the loop so that they can
reach their destination without traversing the entire 5600 foot
main loop. They can travel around one segment of the loop in
less than 30 minutes compared to 80 minutes for the entire loop.
Empty carts can also recirculate and be removed as required to be
loaded with complete orders for delivery to either the truck or
rail docks, or with incoming shipments for storage.

As shown in Figure 1, there are decision points along the
route at which logical considerations must be undertaken. For
example, when a loaded cart from the manufacturing area and

production programming dispatcher attempts to go on the main line,

it may have to compete for a hook with a cart that is recirculating.
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Since the cart on the main line has the right-of-way, the loaded
cart from the production proéramming dispatcher must wait until

an empty hook on the main line appéars. It can then seize the
hook and start to move on thé main liné. Figure 2 shows two carts
moving from left to right and arriving at one of these decision

points after having passed the truck dock.

Figure 2. Merge Interface

The cart on the left is on the main line, is loaded, and has the
right-of-way. The cart on the right has just been unloaded at the

truck dock and placed on the powered spur empty. The empty car



must wait and seize the hook directly behind the loaded cart to
proceed along the main,liné.‘ This decision point or interface
occurs between functional components of the conveyor at four
different locations along the line. For modeling purposes it
will be identified as a MERGE module.

Another decision point occurs at eaéh of the destination
spurs that a cart passes. As the cart encounters each spur, it
must decide if this is its destination or not, and if it is the
proper destination, it must decide if the spur is full or not.

Figure 3 shows carts moving from left to right.

Figure 3. Unload and Load Station Interface

16
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The four carts in the foreground (two empty and two loaded) which
are bumper-to-bumper have been automatically side-tracked and
stopped at their assigned destination spur. ZEach of these carts
has been pushed further up the spur and out of the way by the
following cart. Another loaded cart to the left of these four
carts has Just passed that destination spur, and since that

~spur is either full or is not its assigned destination, it is
continuing on along the main line. There are nineteen destination
spurs of this type along the conveyor. These spurs will be
identified as an UNLOAD AND LOAD STATION module for modeling
purposes.

There are also four points along the towline at which the
cart has the option of taking a powered towline to the right or
taking another powered towline to the left. There are several
towlines in the system which disappear under the floor and reappear
at other points. Figure L shows two carts moving from bottom to
top. The cart on the right has selected the powered towline to

- the right since its destination lies in that direction. The cart
on the left has selected the powered towline to the left since
its destination lies in that direction. For modeling purposes,
this interface or decision point will be identified as a SPLIT
module.

The powered spur on which empty carts are loaded with
finished goods from the manufacturing area is the final interface
necessary to completely describe the conveyor system. There is
only one of these spurs along the conveyor. The empty carts with

this destination form a queue as shown in Figure 5. The carts are



Figure 4. Split Interface

moving from bottom to top around the U-turn area and then toward
the bottom. The first cart in the queue has been loaded and is
waiting for the uispa.tcher' to program and release it. In the model

this spur will be identified as the PRODUCTION PROGRAMMING LOAD

STATION module.

18



Figure 5.

Production Programming Load
Station Interface

19



CHAPTER IV
MODEL CONSTRUCTION AND VALIDATION

One of the most used general purpose techniques in modeling
is the modular format. After the interfaces or decision points
in the system had been identified and categorized, they were
encoded as general purpose modules. These modules were then
stacked fogether like building blocks to construct the entire
conveyor system. The remainder of this chapter is a logical
description of each of those modules and an argument for their

validation.
Preliminary Considerations

Early in the research, it was decided to use GPSS/360 as the
simulation language. This was done primarily for three reasons:
(1) it is a discrete event oriented language in which one can
easily encode and debug rather complex discrete event oriented
systems, (2) it provides easily obtainable output statistics, and
(3) the use of GPSS/360 MACRO statements lend themselves to a
general purpose modular approach. The modules which had to be
used several times in building the system were encoded in general
purpose macros which could be used over and over by changing the
various MACRO arguments.

The units of traffic that are created and move through a

20
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system encoded in GPSS/360 are called transactions. In this conveyor
system a transaction represents either a hook or a cart. Each trans-
action possesses parameters as its key attributes. Only three
parameters were necessary to describe the conveyor system transactions.
The convention used in this model is: (1) Pl = O implies the transac-
tion is a hook, P1 = 1 implies the transaction is a cart, (2) P2 = 0
implies the transaction is an empty cart, P2 = 1 implies the transaction
is a loaded cart, and (3) P3 = 0,1,2,...19 implies the cart has been
assigned any one of twenty possible destinations around the loop. All
the transactions were given a Priority = 1 initially. This was
necessary for timing and logical considerations in the MERGE module
which will be discussed later. Three savevalues, X1, X2, and X3, were
used and will be described in the next section.

Since GPSS/360 is oriented toward integer-valued variables, the
unit of time used in the model is milliminutes, or the clock time is
scaled by a factor of 1000.

Near the end of each of the general purpose modules is én ADVANCE
block which delays each transaction the specific clock time that it
would take that transaction to move onvthe conveyor to the next
sequential module. The transactions are evenly spaced in time around
the conveyor since the conveyor is a constant speed discretely spaced

recirculating system.
Cart and Hook Generator Module

The CART AND HOOK GENERATOR module actually builds the
conveyor system by filling it with hooks and carts, Once the

system becomes full of hooks and all the carts are placed



somewhere in the system, this module becomes inoperative. There
is only one CART AND HOOK GENERATOR (CAHG) module in the system,
and it is designed to be placed directly before the PRODUCTION

PROGRAMMING LOAD STATION (PPLS) module.

General Description

The CAHG module may be represented as a box shown in Figure 6.
The entrance to the module is labelled NTR. There is only one

exit from the module.

CAHG
E -
ntrance NTR MODULE Eﬁit

Figure 6. Cart and Hook Generator Module

The module generates empty carts until some user specified upper
limit is reached. It also generates hooks until the first
transaction which enters the module at NTR shuts off the hook

generator.

This module also has the capability to assist the system in
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reaching steady state very rapidly by channelling empty carts into
the system when the PPLS spur becomes full and queue CARS is not

empty.

Detailed Description

The first part of this module is the cart generator. A variable
is used to calculate the delay time between succeeding hooks on the
powered towline. X2 is initialized at the hook spacing and X3 at
the conveyor speed.

1 VARIABLE (X2#1000) /X3
The formula used to calculate this delay time in milliminutes is
given below.
(Hook spacing)*(1000)/(Conveyor Speed)

The empty carts are created by the next sequential block.

GENERATE vi,,.X1,,3
The carts are generated at the same interval as the hook spacing and
only X1 {(initialized at the number of carts in the system) carts are
generated.

The empty carts then enter a queue of empty carts and attempt to
seize the facility which allows them to capture a hook and begin to
move on the towline.

QUEUE » CARS

SEIZE CAR

The facility consists of a logic gate which is opened by an
empty hook later in this module.

GATE LS 20

The empty cart which has just passed through this gate then
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closes the gate behind it before departing the queue, releasing the

facility and destroying itself.

LOGIC R 20
DEPART CARS
RELEASE CAR

vTERM TERMINATE

The empty cart is destroyed because the hook which it captured
has now been transformed into the empty cart as will be shown later
in this module.

The hooks are created by the next sequential block in this
module.

GENERATE Vl,,,,1,3
These hooks have a priority equal to one and three parameters.

They are created at the hook spacing defined by the user in variable
number one.

The hooks then enter a logic gate which allows them to proceed
to the next sequential block unless a transaction has set logic
switch 19. If logic switch 19 has been set, the hooks are then sent
to the alternate exit which directs them to the TERMINATE block.

GATE LR 19, TERM
The purpose of this block is to shut off the hook generator once
the closed loop which contains this module becomes full of hooks.
This means the powered towline has been completely constructed and
the hook generator is no longer needed.

The newly created hook is then transfered around the entrance
to this module to location BEGN.

TRANSFER ,BEGN
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The entrance to this module is labelled NTR and the first
transaction which completes the closed loop and enters this module
at NTR shuts off the héok generator by sefting logic switch 19 as
has been discussed previously.

NTR LOGIC S 19

The transaction which proceeds to the next sequential block may
be either a hook or a cart. It is first tested to determine what
it is.

BEGN TEST E P1,0,SKIP

If it is a hook (Pl = O), it proceeds to the next sequential block.

If it is a cart (Pl l), it takes the alternate exit and is directed
to location SKIP.

A hook then encounters another TEST block which determines if
there are any empty carts in the queue called CARS waiting to
capture a hook. If queue CARS is zero, the hook takes the alternate
exit and is directed to location SKIP.

TEST G Q$CARS,0,SKIP
If there are carts waiting in the queue, the hook proceeds to the
next sequential block.

In the next block, the hook determines if the powered spur which
feeds the PPLS module is full of carts or not. The maximum capacity
of this spur is determined by the user and in this case it is 35 cars.

TEST LE Q$LCR1,35,BYPS
If the spur is not full, the hook proceeds to the next sequential
block. If the spur is full, the hook takes the alternate exit and

is directed to location BYPS.

A hook continuing to the next sequential block sets logic
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switch 20 which opens the gate for an empty cart as discussed earlier
in this module.

LOGIC S 20

The empty cart is terminated and the hook is now transformed
into an empty cart by placing a one in parameter one.

ASSTGN 1,1

All the transactions which were directed to location SKIP
from various places in the module and the newly formed empty
carts are transfered to the entrance to the PPLS module.
SKIP TRANSFER L,LST1

The last section of this module is a technique to assist the
conveyor model to reach steady state very rapidly. When the
PPLS powered spur is full of empty carts waiting to be loaded and
there is a pool of empty carts waiting in gqueue CARS to enter the
model also, the carts in queue CARS are short-circuited into the
model empty Jjust to get them intc the system. The first block that
a hook going through this section of the model encounters sets
logic switch 20 to open the gate for an empty cart as discussed
earlier.
BYPS LOGIC S 20

Another hook is created and sent to location LHO1 in the
PPLS module. This is done to preserve the timing and logic of
the conveyor system,

SPLIT 1,LHO1

The hook which proceeds to the next sequential block is
transformed into an empty cart by changing parameter one to a

one.



ASSIGN 1,1
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The empty cart is then given a destination by a function which

is defined by the user.

ASSIGN

3,FN$DECP

The cart is then transferred into the PPLS module at a point

where it can capture a hook and go on line without having to wait

to be loaded.

TRANSFER L,LSZ1

A source listing of the CAHG module is given in Figure 7 and

the module flow chart is given in Figure 8.

1 VARIABLE
GENERATE
QUEUE
SEIZE
GATE LS
LOGIC R
DEPART
RELEASE

TERM TERMINATE
GENERATE
GATE LR
TRANSFER
NTR LOGIC S
BEGN TEST E
TEST G
TEST LE
LOGIC S
ASSIGN
SKIP TRANSFER
BYPS LOGIC S
SPLIT
ASSIGN
ASSIGN
TRANSFER

(X2%1000) /X3
Vl,,,Xl,,3
CARS

CAR

20

20

CARS

CAR

Vlssssls3
19,TERM

,BEGN

19

P1,0,SKIP
Q$CARS,0,SKIP
Q$LCR1,35,BYPS
20 :

1,1

,LST1

20

1,LHOL

1,1

3,FN$DECP
,LSZ1

Figure 7. Source Listing of CAHG Module
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Production Programming Load Station Module

The module which must immediately follow the CAHG module is
the PRODUCTION PROGRAMMING LOAD STATION (PPLS) module. This module
is an interface in the system at which empty carts are logded with
finished goods from the manufacturing area. The carts are given a

destination and placed on the conveyor by the dispatcher.

General Description

The PPLS module may be represented as a box shown in Figure 9.
The entrance to the module is labelled LST1l, and there is only one
exit from the module. In this module empty carts are delayed by
a user specified load time and are given a destination by a user
specified function. The user must also specify the distance to the
next module entrance. The logic in this module maintains the
integrety and timing of the powered towline as hooks and carts

pass through it.

Entrance LST1 PPLS E%Et
MODULE

Figure 9. Production Programming Load
Station Module
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Detailed Description

The entrance to the module is labelled LST1, and the first
block in the module determines if the entering transaction is a
cart or a hook.

LST1 TEST E P1,1,LHK1
A hook takes the alternate exit and is transferred to location
LHK1. A cart proceeds to the next block.

The cart then causes a new transaction to be created, and
the cart

SPLIT 1,LEC1
is transferred to location LECI.

The newly created transaction is transformed into a hook.

LHO1 ASSIGN 1,0
ASSIGN 2,0
ASSIGN 3,0

The hook then passes through a logic gate which either
allows the hoock to proceed to the next sequential block or transfers
it to location LTHI1,
LHK1 GATE LR 3,LTH1

If the hock proceeds to the next sequential block, it is
transferred to the end of this module.

TRANSFER ,LSO1
If the hook transfers to LTH1, then a cart has captured it and will
be taking its place on the conveyor.

The cart which was transferred to location LECl joins the

queue of carts waiting to be loaded at the PPLS module.
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LEC1 QUEUE LCR1

To save CPU time these carts are linked onto user chain LCH
on a FIFO basis.

LINK ' LCH,FIFO,LFAl

A cart may then seize the loading facility and depart the queue.
LFAl SEIZE LCR1

DEPART LCR1

If the cart is already loaded it is transferred around the
loader to location LDC1.

TEST E P2,0,LDC1

An empty cart proceeds and enters into the in process storage.

ENTER IPs

It is then delayed while being loaded. The mean and spread
modifier are specified by the user. In this case the load time
is a normally distributed random variable with a mean of two
minutes and a standard deviation of .4 minutes.
LVBl VARIABLE FN$NORM*L 00

ADVANCE 2000,V$LVEL
The function NORM is'the standard normal function which uses
random number generator number one.

The empty cart is transformed into a loaded cart by changing
parameter two to a one.

ASSIGN 2,1

And the loaded cart is given a destination by a user defined
function. In this case the function is called DLCP.

ASSIGN 3,FN$DLCP

The loaded cart releases the loading facility and unlinks the
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next cart from the user chain.
LDC1 RELEASE LCR1

UNLINK LCH,LFA1,1

The cart then attempts to seize a facility that consists of
the logic necessary to capture a hook and proceed on line.
LSZ1 SEIZE LCH1

After seizing the facility the cart sets logic switch three
which indicates to the next available hook that a cart is waiting
to capture it.

LOGIC S 3

The cart then stops at the logic gate to wait for a hook to
open 1t.

GATE LR 3

Once the gate is opened by a hook, the cart releases the
facility to go on line and transfers to the end of the PPLS module.

RELEASE LCH1

TRANSFER ,LS01

A hook which has been destined to be captured by a waiting
cart opens the cart's logic gate by resetting logic switch three
and the hook is destroyed.
LTH1 LOGIC R 3

TERMINATE

The end of the module is of course an ADVANCE block which
delays’a transaction the length of time it takes it to travel on
the towline to the next sequential module. The delay time is
calculated in a variable which is defined by the user. The formula

used to calculate the delay time in milliminutes in this case is



shown below.

((Distance to next module)/(Conveyor Speed))¥(1000)
The transaction is finally transferred to the next sequentisal

module or module entrance.

LAV1 FVARIABLE (55/%3)(1000)
LS01 ADVANCE V$LAVL
TRANSFER ,MAO

A source listing of the PPLS module is given in Figure 10 and

a flow chart of the module is shown in Figure 11.

LST1 TEST E P1,1,LHK1
SPLIT 1,LEC1
LHO1 ASSIGN 1,0
ASSIGN 2,0
ASSIGN 3,0
LHK1 GATE LR 3,LTH1
TRANSFER ,LS01
LEC1 QUEUE LCR1
LINK LCH,FIFO,LFAL
LFAl SEIZE LCR1
DEPART LCR1
TEST E P2,0,LDC1
ENTER IPS
LVB1 VARIABLE FN$NORM¥*L 00
ADVANCE 2000,V$LVB1
ASSIGN 2,1
ASSIGN 3,FN$DLCP
LDC1 RELEASE LCR1
UNLINK LCH,LFAl,l
1SZ1 SEIZE LCH1
LOGIC S 3
GATE LR 3
RELEASE LCH1
TRANSFER ,LS01
LTH1 LOGIC R 3
TERMINATE
LAV1 FVARIABLE (55/%3)(1000)
1501 ADVANCE V$LAVL
TRANSFER ,MAO

Figure 10. Source Listing of PPLS Module
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Split Module

The SPLIT module which has been described in Chapter III is
a decision point in the system at which a cart must decide to take

either the right or left powered towline.

General Description

The SPLIT module may be represented as a box shown in Figure 12
which has one entrance and two exits. A transaction which enters
this module can not be delayed since there are no blocks in this

module which can deny entry to a transaction.

ight

Left
Exit

Exit

Y A
SPLIT
MODULE
p
X
Entrance

Figure 12. Split Module
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There are three types of transactions which enter this module.
The logic is designed to process each of these three types as
separate cases.

Case 1. (X = hook) If a hook enters the SPLIT module, then
another hook will be created in the module, and a hook will be sent
to each exit. (Y = hook and 7 = hook)

Case 2. (X = cart whose destination lies to the left) If
a cart which desires ﬁo go to the left enters, then a hook will
be created and sent to the right. (Y = cart and Z = hook)

Case 3. (X = cart whose destination lies to the right) If
a cart which desires to go to the right enters, then a hook will

be created and sent to the left. (Y = hook and Z = cart)

Detailed Description

The first statement that an entering transaction encounters
in this module determines 1f the transaction is a hook or a cart.

TEST E P1,1,HOOK
A cart continues on to the next sequential block or a hook takes
the alternate exit and is transferred to location HOOK.

A cart which continues to the next sequential block is
tested to see if its destination lies to the right or to the
left., This is done by means of a boolean variable and a TEST
block.

1 BVARTABLE P3'GE'9¥P3'L'1Y

TEST E BV1,1,CRGHT

If the value of the boolean varigble is one, the cart's destination

is to the left and it proceeds to the next sequential block, If



the value of the boolean variable is zero, the cart's destination
is to the right and the cart takes the alternate exit and is
transferred to location CRGHT. The boolean variables are
defined by the user and may vary in form in different SPLIT
mdoules, |

The cart whose destination is left proceeds to the next
sequential block.

TEST LE Q$LCR1,999 ,CRGHT
The arguments of this block are defined by the user and the
condition must be true for a cart to proceed to the left.
In the case shown, the gqueue of cars waiting to be loaded at
the PPLS module must be less than or equal to 999. Since there
ere only 380 carts in the system, this block has no effect on
the system. If the 999 were changed to 36 in one of the SPLIT
modules and the queue of empty carﬁs at the PPLS modulé weas
greater than 36, then a cart whose destination lies to the left
would be sent to the right to recirculate in the system by
taking the alternate exit CRGHT.

A car proceeding to the left encounters the next block.

SPLIT 1 ,HRGHT
Since the timing and integrety of both powered towlines must
be maintained, a hook is created and sent fo location HRGHT which
sends it to the right.

Thie cart is then transfered to the ADVANCE block which delays
the cart for the time it takes it to reach the next module to
the left.

TRANSFER ,ALEFT

39
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The hook that has been created and sent to the right is

first made into a hook by setting all three parameters

HRGHT ASSIGN 1,0
ASSIGN 2.0
ASSIGN 3,0

equal to zero.

The hook is then transfered to the ADVANCE block which delays
the hook for the time it takes it to reach the next module to the
right.

TRANSTER - ,ARGHT

A car proceeding to the right encounters the next block.

CRGHT SPLIT 1,HLEFT

A hook is created and sent to location HLEFT which sends it to
the left to haintain the timing and integrety of both powered
towlines.

The cart is then transfered to the ADVANCE block which
delays the cart for the time it takes it to reach the next
module to the right.

TRANSFER L,ARGHT

The hook that has been created and sent to the left is

first made into a hook by setting all three parameters equal to

zero.,

HLEFT ASSIGN 1,0
ASSIGN 2,0
ASSIGN 3,0

The hook 1s then transfered to the ADVANCE block which

delays the hook for the time it takes it to reach the next module
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to the left.

TRANSFER L,ALEFT

A hook which enters this module at the entrance is split into
two hooks so that a hook can leave at each of the two exits. The
following two blocks pefform this function.
HOOK SPLIT 1,ALEFT

TRANSFER ,ARGHT

The delay time to the next module is calculated using variabies
and the time is in milliminutes. The formula used is given by:

(Distance to next module)*(1000)/(Conveyor Speed).
The last blocks in this module are the ADVANCE block and exits

of the module which have been previously discussed.

1 VARTABLE 236%1000/X3
ALEFT ADVANCE V1
TRANSFER ,MODULE TO LEFT
2 VARTABLE 60%1000/X3
ARGHT ADVANCE Ve
TRANSFER ,MODULE TO RIGHT

A source listing of the SPLIT module is given in Figure 13

and a flow chart of the module is shown in Figure 1.i.

Unload and Load Station Module

The UNLOAD AND LOAD STATION (UALS) module is a general purpose
module that occurs in the conveyor system at points where a cart
may or may not decide to sidetrack itself at one of the unpowered
spurs. Here thé cart is unloaded and or loaded, and then placed

back on the towline.
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CRGHT

HLEFT

HOOK

ALEFT

ARGHT

Figure

TEST E
BVARIABLE
TEST E
TEST LE
SPLIT
TRANSFER
ASSIGN
ASSTGN
ASSIGN
TRANSFER
SPLIT
TRANSFER
ASSIGN
ASSIGN
ASSIGN
TRANSFER
SPLIT
TRANSFER
VARTABLE
ADVANCE
TRANSFER
VARTABLE
ADVANCE
TRANSFER

13, Source Listing of SPLIT Module

P1,1,HOOK
P3'GE'9¥P3'L'17
BV1,1,CRGHT
Q$LCR1,999 ,CRGHT
1,HRGHT

,ALEFT

1,0

2,0

3,0

,ARGHT

1,HLEFT

,ARGHT

1,0

2,0

3,0

,ALEFT

1,ALEFT

LARGHT
236%1000/%X3

V1

,MODULE TO LEFT
60%1000/X3

V2

,MODULE TO RIGHT
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General Description

The UALS module may be represented as a box shown in [igure 15.
Any transaction may enter this module; however, only those carts
with the proper destination are allowed to be unloaded and or

loaded. The module has only one entrance and one exit.

Entrance UALS Ex
MODULE

Figure 15. UALS Module

The'user defines the load and unload times and the maximum
station queue. The user azlso defines the maximum number of empty
carts if any to keep at the station at all times. Destination
functions and the distance to the next module entrance must be

supplied by the user. The module logic maintains the timing of
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the towline as it passes through it.

Detailed Description

The first block that an entering transaction encounters in
the UALS moduie determines if it is a cart or a hook.
ENTR TEST E P1,1,HOKE
A hook is sent to location HOKE.

A cart proceeds and is tested to determine if this module
is its destination or not.

TEST E . P3,8,EXIT
If this module is not the proper destination, the cart is sent to
the exit.

A cart whose destination is this module is tested again to
determine if the station queue is full or not.

TEST L Q$STA,15,EXIT
If the station queue is greater than or equal to some user
specified number, the cart is sent to the exit to recirculate in
the system.

If the station gqueue 1s smaller than the user specified
number, the cart joins the station queue.

QUEUE STA

A transaction is then created and sent to location HOKE
to be transformed into a hook to preserve the timing and integrety
of the towline.

SPLIT , 1,HOKE

The cart is tested to determine if it i1s loaded or empty.

TEST E P2,1,ECAR



An empty car is sent to location ECAR.

A loaded car proceeds and attempts to seize the unloading
facility.

SEIZE UNLDR

The unload time is specified by the user and in this case it
is a normally distributed random variable with a mean of four
minutes and a standard deviation of .8 minutes.
UAV  VARIABLE FN$NORM*800

ADVANCE Lo00,v$UAV

The cart is now unloaded and must leave the in process
storage.

LEAVE IPS

The unloaded cart's parameter two is changed to zero to

indicate that it is now empty and the unload facility is

released.
ASSIGN 2,0
RELEASE UNLDR

A policy that may or may not be adopted at the load and
unload station modules is to keep a number of empty carts at the
station to be loaded later on. The user specifies the maximum
number empty carts to be retained at the station. After the
empty cart releases the unload facility, it determines if the
maximum number of empty carts is present at the station or not.
If maximum number is not present, the empty cart is transferred
to the queue of empty carts waiting at the station.

TEST GE CH$UCH,1,ECAR

If the empty cart queue is at its maximum number, the empty



cart continues to the next sequential block. The cart is given a
destination by a user defined function and is transfered to a

location in the module, FGOL, where it can capture a hook and go

on line.
ASSIGN 3,FN$DECL
TRANSFER ,FGOL

Fmpty carts waiting to be loaded enter the empty car queue
and then are linked onto user chain UCH.
ECAR QUEUE ECAR

LINK UCH,FIFO,UCHO

One empty cart determines if the chain has reached its
méximum number or not,
UCHO TEST G CH$UCH, 1

When the number of empty carts becomes greater than the user
specified maximum, the empty cart can seize the loading facility
and depart the empty car queue.

SEIZE LDR

DEPART ECAR

The loading time is specified by the user and in this case
it is a normally distributed random variable with a mean of two
minutes and a standard deviation of .L minutes.
UVL VARIABLE FN$NORM*L 00

ADVANCE 2000,V$UVL

Since the cart has been loaded, it can now enter the in
process storage and be designated as a loaded cart by changing

parameter two to a one.

b8



ENTER IPS

ASSIGN 2,1

The loaded cart then releases the loading facility, unlinks
the next empty cart from the user chain, and is assigned a

destination by a user defined function.

RELEASE LDR
UNLINK UCH,UCHO,1
ASSIGN 3,FN$DLCL

The logic necessary for a cart to capture a hook and proceed
on the towline is contained in facility FGOL. The cart seilzes
the facility, sets logic switch four, and walits at a logic gate

for a hook to open it.

FGOL SEIZE FGOL
LOGIC S i
GATE LR b

Once a hook has reset logic switch four, the cart can
proceed through the gate release the facility, depart the

station queue, and be transferred to the module exit.

RELEASE FGOL
DEPART STA
TRANSFER ,EXIT

A hook which enters this module or is created in this module
is transferred to location HOKE where it is transformed into a
hook.
HOKE ASSIGN 1,0

ASSIGN 2,0

ASSTGN 3,0

L9
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The hook then determines if a cart is waiting to capture it
by passing through a logic gate.

GATE LR 4 ,THKE

If no cart is waiting, the hook is transferred to the exit.

TRANSFER LEXIT

If a cart is waiting, the hook takes the logic gate alternate
exit THKE, resets logic switch four which allows the cart to proceed
by opening its gate, and then the hook is destroyed.
THKE LOGIC R 4

TERMINATE

The module exit of course consists of an ADVANCE block
which delays the transaction for the time it takes it to reach
the next module.
UVB VARIABLE (120%1000) /X3
EXIT ADVANCE V$UVB

The transaction continues to the next sequential module.

A source listing of the UALS module is given in Figure 16 and

a flow chart of the module is shown in Figure 1T.
Merge Module

The MERGE module which has been previously described is a
decision point or interface in the system at which twe different

powered towlines come together to form one powered towline.

General Description

The MERGE module may be represented as a box shown in

Figure 18. This module has two entrances. Carts at the ROW
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UAV

ECAR

UCHO

FGOL

HOKE

THKE

UvB
EXIT

Figure

TEST E
TEST E
TEST L
QUEUE
SPLIT
TEST E
SEIZE
VARIABLE
ADVANCE
LEAVE
ASSIGN
RELEASE
TEST GE
ASSIGN
TRANSFER
QUEUE
LINK
TEST G
SEIZE
DEPART
VARIABLE
ADVANCE
ENTER
ASSIGN
RELEASE
UNLINK
ASSIGN
SEIZE
LOGIC S
GATE LR
RELEASE
DEPART
TRANSFER
ASSIGN
ASSIGN
ASSIGN
GATE LR
TRANSFER
LOGIC R
TERMINATE
VARIABLE
ADVANCE

16. Source Listing of UALS Module

P1l,1,HOKE
P3,8,EXIT
Q$STA,15,EXIT
STA

1,HOKE
P2,1,ECAR
UNLDR
FN$NORM*800
L000,V$UAV
IPS

2,0

UNLDR
CH$UCH,1,ECAR
3,FN$DEC1
,FGOL

ECAR
UCH,FIFO,UCHO
CH$UCH,1

LDR

ECAR
FN$NORM*L 00
2000,V$UVL
IPS

2,1

LDR
UCH,UCHO,1
3,FN$DLC1
FGOL

4

4

FGOL

STA

,EXIT

1,0

2,0

3,0

L , THKE

LEXIT

4

(120%1000) /X3
V$UVB
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Figure 18. Merge Module

entrance have the right-of-way and can proceed to the exit
without being delayed. Carts which enter the module at the OTH
entrance may or may not be delayed. If delayed they Jjoin a
queue shown symbolically as "Q" in Figure 18.

There are ten different logical situations which might occur
at the MERGE module. The logic 1s designed to process each of
these cases.

Case 1. (ROW = cart or hook and OTH = nothing) If a hook

or a cart enters the module at ROW and nothing has entered the

55



module at OTH, the hook or cart is transferred immediately to
the module exit.

Case 2. (ROW = nothing and OTH = cart or hook) If a hook
or a cart enters the module at OTH and nothing has entered the
module at ROW, the hook or cart is transferred immediately to the
module exit.

Case 3. (ROW = hook, OTH = hook, Q = 0) If a hook enters
the module at ROW and at OTH, and there is nothing in the
queue, then the OTH hook is destroyed and the ROW hook is
transferred to the module exit.

Case 4. (ROW = hook, OTH = hook, Q = +) If a hook enters
the module at ROW and at OTH, and there are carts in the
queue, both hooks are destroyed and the first cart in the queue
is transferred to the module exit.

Case 5. (ROW = hook, OTH = cart, Q = 0) If a hook enters
the module at ROW and a cart enters at OTH, and there is nothing
in the queue, the ROW hook is destroyed and the OTH cart is
transferred to the module exit.

Case 6. (ROW = hook, OTH = cart, Q = +) If a hook enters
the module at ROW and a cart enters at OTH, and there are carts
waiting in the queue, the ROW hook is destroyed, the OTH cart joins
the queue, and the first cart in the queue is transferred to the
module exit,

Case 7. (ROW = cart, OTH = hook, Q@ = 0) If a cart enters
the module at ROW, and a hook at OTH, and there is nothing in the
queue, the OTH hook is destroyed and the ROW cart is transferred

to the module exit.
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Case 8. (ROW = cart, OTH = hook, Q@ = +) If a cart enters
the module at ROW? and a hook at OTH, and there are carts
waiting in the queue, the OTH hook is destroyed and the ROW
cart is transferred to the module exit.

Case 9. (ROW = cart, OTH = cart, Q = 0) If a cart enters
the module at ROW, and a cart enters at OTH, and there is
nothing in the queue, the OTH cart joins the queue and the ROW
cart is transferred to the module exit.

Case 10. (ROW = cart, OTH = cart, Q@ = +) If a cart enters
the module at ROW, and a cart enters at OTH, and there are
carts waiting in the queue, the OTH cart joins the queue, and

the ROW cart is transferred to the module exit.

Detailed Description

This module has two entrances, and the program 1oéic first
deals with the entrance at which the carts have the right-of-way.
Carts arriving at this entrance never have to wait or form a
gueue. This module contains several layers of logic to deal
with any of the possibilities which might occur.

A cart which has been directed to the right-of-way entrance
sets logic switch one and passes through a logic gate.

ROW LOGIC S 1

GATE LS 2,EXIT
Before the conveyor system has been completely constructed, carts
or hooks may arrive at only one entrance of the MERGE module
(either the right-of-way entrance or the other entrance). The

first entry at location ROW (the right-of-way entrance) sets
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logic switch one. This action indicates to the logic at the other
entrance that there has been an entry at the ROW entrance.

Similar logic appears at the other entrance (labelled OTH). The
first entry at the other entrance sets logic switch two

indicating to the logic at the ROW entrance that an entry has
occurred at the OTH entrance. The entry at the ROW entrnace

then passés through the logic gate. If there has been no entry

at the OTH entrance, it takes the alternate exit of the gate
block and proceeds to location EXIT at the end of this module.

If there has been an entry at the OTH entrance, the transaction
proceeds to the next sequential block. The next layer of logic
insures and maintains the timing and integrety of the towlines.
First a transaction sets logic switch three and encounters a
‘gate block operating in the conditional entry mode.

LOGIC S 3

GATE LS | L
Logic similar to the‘above occurs at this point in the program at
the OTH entrance. Transactions which encounter this logic must
be timed with transactions encountering logic at the OTH
entrance, but arrivals at both entrances may not occur at the
same clock time. This logic causes the transaction which
arrived at one of the entrances first to wait (at the gate block)
for the transaction to arrive at the other entrance. Once both
transactions have arrived, either one may begin to move first.
First assume the transaction at the ROW entrance moves first.
Later, the case in which the transaction at the OTH entrance moves

first will be considered.
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The next sequential block for the transaction at the ROW
entrance determines if it is a cart or a hook.

TEST E P1l,1,HOCK
A hoﬁk takes the alternate exit and is transferred to location
HOOK.

A cart proceeds and sets logic switch six.

LOGIC S 6
This indicates to the logic at the OTH entrance that a cart is
present at the ROW entrance.

The cart then is stopped to allow the transaction at
the OTH entrance to move if it has not already moved.

PRIORITY 0,BUFFER

The priority of the cart is changed back to one, and the
cart 1s delayed again to allow the transaction at the OTH
entrance to move first since it

PRIORITY 1

PRIORITY 0,BUFFER
must determine if it has to wait and Join a queue or proceed.

Finally the cart's priority is changed back to one again
and it proceeds on out the module exit.

PRICRITY 1

The transaction which leaves at the module exit resets the
logic for the next pair of entries and is then transferred to
the ADVANCE block at the end of the module.
EXIT LOGIC R : 3

LOGIC R i

LOGIC R 5



LOGIC R 6

TRANSFER ,AOUT

The logic at the OTH entrance is somewhat parallel to the
logic at the ROW entrance. The first transaction to arrive
at the OTH entrance sets logic switech two indicating an arrival
at this entrance, and then passes through a logic gate.

OTH LOGIC S 2

GATE LS 1,EXIT
If a transaction has not arrived at the ROW entrance, the arrival
at the OTH entrance takes the alternate exit through the GATE
block and is transferred to location EXIT.

If there has been an arrival at the ROW entrance, the
transaction at the OTH entrance continues to the next sequential
block at which it sets logic switch four. It proceeds and
encounters a gate block operating in the conditional entry mode.

LOGIC S L

GATE LS 3
The purpose of this layer of logic has been discussed previously.
Now assume that the transaction at this entrance moves first
since the case in which thg transaction at the ROW entrance
moves first has already been discussed.

The next block determines if the transaction is a‘hook or
a cart.

TEST E P1,1,TERM
If the transaction is a hook it is destroyed since the cart or
hook at the ROW entrance will survive and continue out the

module exit.
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A cart continues and sets logic switch five which indicates
a cart has arrived at the OTH entrance.

LOGIC S 5

The cart is delayed to allow the transaction at the ROW
entrance to move after which its priority is changed back to one.

PRIORITY 0,BUFFER

PRIORITY 1
The transaction at the ROW entrance moves until it encounters
a sequence of blocks similar to those shown above. Now the cart
at the OTH entrance continues to move.

The next sequential block determines if there is a gqueue
of carts at the OTH entrance waiting for an empty hook to
enter at the ROW entrance.

GATE NU FAC,QUE
If the facility FAC is in use, a cart is walting and the
entering cart 1s transferred to the queue of carts at location
QUE,

If no carts are walting, thevcart continues to the next
block., The next block determines if there is a cart at both
entrances or not. This is done by means of a boolean variable.
MBV BVARIABLE LS5%Ls6

TEST E BV$MBV,1,CRHK
If the value of the boolean variable is zero, there is a hook at
the ROW entrance and the cart can continue out of the module
by being transferred to location CRHK.

If the value of the boolean variable i1s equal to one, there

is a cart at both entrances, and the cart at the OTH entrance must



join the queue. It joins the queue and is linked onto a user
chain to save CPU time.
QUE QUEUE MQU

LINK MCH,FIFO,MSZ

The first transaction in the waiting line can seize a
facility which contains the logic necessary to capture a hook.
MSZ SEIZE FAC

It sets logic switch seven and then waits at a GATE block for
a hook at the ROW entrance to reset logic switch seven to allow
the cart to proceed.

LOGIC S T

GATE LR T

After a hook at the ROW entrance opens the gate, the cart can
depart the queue, release the facility, unlink the next cart

from the user chain, and transfer to the module exit.

DEPART MQU
RELEASE FAC
UNLINK MCH ,MSZ,1
TRANSFER ,EXIT

A cart at the OTH entrance captures a hook by setting logic
switch seven before being transferred to the module exit.
CRHK LOGIC S T

TRANSFER LEXIT

A hook at the ROW entrance is transferred to location HOOK.
Here it is first delayed twice for the same reason that a cart

at the ROW entrance way delayed twice.
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HOOK PRIORITY 0,BUFFER
PRIORITY 1
PRIORITY 0,BUFFER
PRIORITY 1

Then the hook encounters a logic gate that determines if a
cart is waiting at the OTH entrance or not.

GATE LR 7 ,THOO

If a cart is not waiting the hook is transferred to the
module exit.

TRANSFER : SEXIT

If a cart is waiting the hook opens the gate for the cart by
resetting logic switch seven and is then destroyed.
THOO LOGIC R T

TERMINATE

At the end of the module is the ADVANCE block that delays

the transaction for the time it takes it to reach the next module

entrance.
AOUT ADVANCE 0
MVB VARIABLE (90%1000) /X3
ADVANCE VEMVB

The transaction then proceeds to the next sequential module.
A source listing of the MERGE module is given in Figure 19 and

a flow chart of the module is shown in Figure 20.

Model Validation

Two concepts of ascertaining the model's representation of

reality are used by this researcher. The first concept is
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19. Source Listing of MERGE Module

1
2 ,EXIT

3

4
P1,1,HOOK
6

0,BUFFER
1
0,BUFFER

NV W

,AOUT
2
1,EXIT
4

3
P1,1,TERM
5
0,BUFFER
1

FAC,QUE
LSS*LS6
BV$MBV,1,CRHK
MQU
MCH,FIFQO,MSZ
FAC

7

7

MQU

FAC

MCH ,MSZ,1
,EXIT

3

,EXIT
0,BUFFER
1
0,BUFFER
1

T, THOO
,EXIT

7

0
(90%1000) /X3
V$MVB
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validation. The objective of validation is to establish that each
module responds in a logical manner that is not unlike the actual
system. This objective asks the question, "Is each module logically
correct?" The second concept is verification. The objective of
verification is to establish that the entire simulation model
responds in. a manner that does not misrepresent the response of the
actual system under typical conditions.

The first phase of the model validation was accomplished during
the model construction. In cases where logic was designed to deal
with a number of different situations, the situations were
exhaustively enumerated. This researcher then simulated each case
of the module logic by hand to validate its construction.

The second phase of validation was accomplished by a series
of trial computer simulations of each module to insure the
correctness of the logic. All possible cases of module inputs were
deterministically programmed and the output was analyzed to insure
the module's correctness under all situations.

The third phase of validation consisted of building a small
conveyor simulation model that consisted of one of each of the five
modules. A series of trial computer simulations were performed
with this model to test the modules. The future events chain,
current events chain, users chains, and other GPSS output statistics
were used to determine if each module's response was logically
correct.

It was not the obJective of this research to perform a model
verification; however, further arguments for the model's validation

are presented in Chapter VI and Chapter VII.



CHAPTER V

MODEL USER'S GUIDE

The model developed in the previous chapter is somewhat
large and lengthy. For example, a conveyor system of average size
and complexity may require more than 1000 GPSS/360 blocks, and on
the IBM 360 system one hour of simulation time may require as
much as one minute of CPU time. The purpose of this chapter is
to assist the user in programming his conveyor system using the

model developed through this research.
Primary Considerations

Conveyor systems of average complexity will probably
require the 256 K version of GPSS/360 and the use of the REALLOCATE
feature. Increasing the size of COMMON is the most important
function of the REALLOCATE card in this model. The use of
REALLOCATE is described in the GPSS/360 Operator's Manual
(H20-0311 under 0S/360 or H20-0327 under DOS/360).

If the normal distribution is used for load and unload times,
then the standard normal distribution must be defined as a
GPSS function. Other necessary functions include probability
distributions of the possible destinations of empty carts from each
UALS module, and probability distributions of the possible

destinations of loaded carts from each UALS module. Many of
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these distributions may be the same and need not be duplicated.
Thé funbtions should be labelled, not numbered.

Three savevalues used throughout the model must be specified.
These may be specified by INITIAL cards. Savevalue number one (X1)
must be initialized at the number of carts in the system. If the
system does not use carts and fhe goods transferred on the conveyor
are attached directly to the hooks, then X1 should be initialized
at the number of hooks in the system. X2 must be initialized at
the distance between hooks on the conveyor. X3 must be initialized
at the speed of the conveyor. If X2 is defined in feet, then X3
must be defined in feet per minute.

One storage must be defined in the model. The storage label
is IPS which stands for in process storage. It is defined by a
STORAGE card as equal to the number of carts in the system. The
purpose of this storage is to give the user an indication of the
utilization of carts as an in process storage.

Any tables that the user wishes to use must also be defined.
The user may want to tabulate the destinations of loaded carts that
pass a particular point in the model. This may be a tabulation of
carts that are recirculating in the system. The user must supply
the TABLE card and insert TABULATE cards at proper places in the
model.

The users considerations in the CAHG module and the PPLS module
have been discussed in Chapter IV since these modules only occur
once in the system. The other three modules occur from four to
nineteen times throughout the model. To facilitate their programming

and use, they have been encapsulated in GPSS/360 MACROS. The
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remainder of this chapter explains these MACROS.

Macroc Mcdules

A source listing of the three modules programmed in macros is
shown in Appendix A. A macro is a string of frequently used blocks
defined by the user, which he may later call with only one card.
The only advantage obtained by using macros is the elimination of
the need to code and keypunch repetitive strings of blocks.

The definition of macros requires two control cards. A
STARTMACRO card labelled with the name of the macro is placed
in front of the actual macro blocks, and an ENDMACRO card is
placed at the end of the macro. The actual macro definition cards
are placed between these two control cards. These macro
definition cards follow the normal GPSS block format except that
some fields may be replaced by macro arguments. Macro arguments
are represented by following a special character # with a letter
(A-J) which represent arguments 1-10 respectively. A maximum of
ten arguments per macro is allowed.

Macros are called by means of the MACRO card labelled with
the name of the macro being called. The macro arguments to be sub-
stituted into the macro definition cards are listed in the MACRO
card. As a simple example of a macro, the block sequence shown
below defines a macro.

RONI STARTMACRO
#C SEIZE #A
ADVANCE #B

RELEASE #A



ENDMACRO

This macro labelled RONI can be called with the MACRO card shown

below.
RONI MACRO 1,400,FAC

The above card would produce the following block sequence in the

compiled program.

FAC SEIZE 1
ADVANCE Loo
RELEASE 1

Merge Module

The MERGE module is constructed of three GPSS/360 MACROS

labelled MERG1l, MERG2, and MERG3., These MACRO cards when used
in order with the arguments defined will be compiled as a complete
MERGE module. The remainder of this section is an explanation of
the MACRO arguments.
MERG1 MACRO #D HB H#C H#D HE AT #G  #H,#T,#T

#A - any unique three letter label

#B - any unique three letter label

#C - any unique three letter label

#D - any unique three letter label

#E - any unique three letter label

#F - any unique three letter label

#G - any unique three letter label

#H - any unique three letter label

#I - any unique three letter label

#J - any unique three letter label
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MERG2 MACRO #AHB HC HD HE HF G, HH,#T 4T
#A - same as #A of MERGl
#B - same as #B of MERG1l
#C - any unique three letter label
#D - any unique three letter label
#E - BV$ (samé as #D of MERG2)
#7 - LS$ (same as #C of MERGL)*LS$
(same as #F of MERG1)
#G -~ any unique three letter label
#H - any unique three letter label
#I - any unique three letter label
#J' - same as #I of MERGl
MERG3 MACRO #A #B,HC
#A - any unique three letter label
#B - V$ (same as #A of MERG3)
#C - delay time in milliminutes to the next module
entrance, i.e. (090%1000)/X3 or

(Distance in feet ¥* 1000)/X3

Split quule

The SPLIT module is also constructed of three GPSS/360
macros. They are latelled SPLT1, SPLT2, and SPLT3. The
remainder of this section is an explanation of their MACRO
arguments.
SPLT1 MACRO #AL#B,HC #D,HE #F HG , #H  #T #T

#A - any unique three lettér label

#B - any unique three letter label



#C - any unique three letter label

#D - any unique three letter label

#E - any unique three letter label

#F - any unique three letter label

#G - any unique three letter label

#H - logical condition regarding P3 which is the argument
of & boolean variable that equals one for a cart to
proceed out the left exit, i.e.
P3'GE'9¥*P3'L'1T or P3'GE'17+P3'L'9

#1 - BV$ (same as #G of SPLT1)

#J - the size that Q$LCR1 must reach for a cart with a
destination to the left be diverted to the right,
i.e. 999 or 36

SPLT2 MACRO #A,#B,#C,#D,#E

#A - any unique three letter label

#B - location label of the entrance to the next sequential
module to the left

#C —~ same as #A of SPLT1

#D - V$ (same as #A of SPLT?2)

#E - delay time to the entrance to the next sequential
module to the left in milliminutes, i.e. (236%1000)/X3

SPLT3 MACRO #A ,#B,#C,#D,#E

#A - any unique three letter label

#B - location label of the entrance to the next sequential
module to the right

#C - same as #B of SPLT1

#D ~ V$ (same as #A of SPLTR)

5



#E - delay time to the entrance to the next sequential

module to the left in milliminutes, i.e. (060%1000)/X3

Unload and Load Station Module

The UALS module is again constructed of three GPSS/ 360

macros.

They are labelled ULST1, ULST2, and ULST3. The

remainder of this section is an explanation of these MACRO

arguments.
ULST1 MACRO #A H#BH#C ,#D HE #F #G #H ,#1 ,#J
#A - any unique three letter label
#B - any unique three letter label
#C -~ any unique three letter label
#D - any unique three letter label
#E - Q$ (same as #D of ULSTL)
#F - V$ (same as #D of ULST1)
‘#G - destination number of this module, i.e. 1,2,3,etc.
#H - mean unload time in milliminutes, i.e. U4 minutes = L4000
milliminutes
#I - the maximum number of carts that can be in the station
queue, i.e.. 15 or 35
#J - variable argument which is the spread modifier of the
mean unload time in milliminutes, i.e. FN$NORM¥800
ULST2 MACRO #A #B,#C H#D HE #F ,#G , #H ,#1
#A - same as #C of ULST1
#B - any unique three letter label
#C - CH$ (same as #A of ULST2)
#D - V$ (same as #B of ULST2)
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#E - FN$ (the label of the function which defines the
probability distribution of tﬁe possible destinations
of empty carts which leave this module), i.e. FN$DECL

#F - any unique three letter label

#G - mean load time in milliminutes, i.e. 2 minutes = 2000
milliminutes

#H - the maximum number of empty carts to be retained at the
module minus one, i.e. 1,2,etc.

#1 - variable argument which is the spread modifier of the
mean load time in milliminutes, i.e. FN$NORM*LOO

ULST3 MACRO #A #B HC #D HE #F #G,#H ,#1

#A - same as #B of ULST?2

#B - any unique three letter label

#C - same as #B of ULST1

#D - same as #A of ULST1

#E ~ any unique three letter label

#F - V$ (same as #E of ULST3)

#G - same as #D of ULST1

#H - FN$ (the label of the function which defines the
probability distribution of the possible destinations
of loaded carts which leave this module), i.e. FN$DLC1

#1 - delay time to the entrance to the next sequential

module in milliminutes, i.e. (601¥1000)/X3

Model Order

The general structure of the model should be similar to that

of the conveyor system. Before the actual system modules, the

T
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deck should include:

1. REALLOCATE cards

2. SIMULATE card

3. Three general purpose MACRO modules

4, TFUNCTION definition cards including the standard normal

distribution if it is used.

5. TABLE definition cards if they are used.

6. Three INITIAL cards for X1,X2, and X3

T. STORAGE definition card labelled IPS

Since the model forms a closed loop, any point in the model
may be used as a starting point. If a transaction which leaves
a module should not enter the next sequential module, an unconditional
transfer should be inserted into the deck for proper routing.

The CAHG module and the PPLS module must be constructed by the
user, but the three general pufpose modules do not need to be
constructed., To use these three modules, the user need only insert
the three MACRO definition cards and supply their arguments.

The last part of the model deck should be a run timer to stop
the simulation. The user can define his own run timer. The
following run timer lets the model run for two hours to reach
steady state. A RESET card is used, and the model is simulated

for twenty hours.

GENERATE 120000
TERMINATE 1
START 1
RESET

START 10



CHAPTER VI
FIRST MODEL SIMULATION

After the conveyor system modules had been developed and
validated, they were combined into a model of the first large
manufacturing company's conveyor system which was described in
Chapter III. This chapter includes a discussion of the simulation

of that model and its output statistics.
Simulation Model

Figure 1 shown in Chapter III is a graphical representation
of the manufacturing company's warehouse distribution conveyor
system. This was a useful starting point in building the
simulation model by visualizing the overall system. A blueprint
of the floor plan of the towline was obtained. Measurements of
distances along the towline were taken from the blueprint and
transcribed on the towline floor plan shown in Figure 21. The
blueprint floor plan was also used to aid in the identification
of the position of the modules which were used to construct the
simulation model of the system. To aid in building the model
correctly, Figure 21 was transformed into Figure 22 which is a
modular representation of the conveyor system. Figure 22 shows
the type of module that was used at each interface, and the

destination identification number is given for each of the UALS
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modules and the PPLS module. A complete source listing of this
conveyor system is given in Appendix A.

The functions used for possible destinations of empty and
loaded carts were estimated with the aid of the manufacturing
company's Industrial Engineering Department. These functions are
difficult to validate with hard data and often must be approximated.
Two TABLE definition cards were used to tabulate the number of
loaded carts that pass two points in the model. X1, the number
of carts in the sfstem, was initialized at 380, X2, the hook
spacing, was initialized at 21 feet, and X3, the conveyor speed,
was initislized at 70 feet per minute.

The module parameters or arguments such as maximum station
queue etc, were obtained from the conveyor specifications on
the blueprint. Other parameters such as the mean and standard
deviation of the lcad and unload times etc. were estimated with
the aid of the company's Industrial Engineering Department.
Unconditional TRANSFER cards were added to the model where it
was necessary to direct the transactions to their proper
destinations. The series of blocks shown below was added to the
model between the right exit of the third SPLIT module and the
non right-of-way entrance to the second MERGE module and between
the right exit of the fourth SPLIT ﬁodule and the right-of-way

entrance to the first MERGE module.

TAA TEST E P2,1,TRA
TABULATE REC1
TRA TRANSFER : ,MBO

The purpose of these blocks was to tabulate the number of loaded



carts by destination which passed that point in the module. The
table labelled REC1 tabulated the carts at the first location
described above, and table labelled REC2 tabulated the carts at
the second iocation described above.

Finally the conveyor system was simulated for twenty hours
after having reached steady state. A snap interval of four hours
was used to give output statistics after each four hours of

simulation.
Qutput Statistics

The standard GPSS/360 output statistics produced at the end
of the simulation is given in Appendix A. The user chain
statistics are of little value to the analysis of the simulation
becauée the user chains were added only to save CPU time, The
data from them can be more easily and completely‘obtained from
the queue statistics. Many of the facilities in the model were
used for logical purposes only (allowing a cart to capture a
hook). The statistics from these facilities is of little value.
Each UALS module consists of a loading facility and an unloading
facility. The percent utilization of these facilities and the
PPLS module is summarized in Table I.

The Table I statistics directly reflect the user defined
functions of possible destinations of loaded and empty carts.

If these functions were changed, the changes would become apparent
in the load and unload facility utilization statistics. The
facility statistics also contain the average time per transaction,

This time corresponds directly to the mean loading or unloading
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time and is of no value except for comparing it to the user defined
mean. The total number of entries gives the user an idea of how
many carts were processed by each facility. This statistic can be
obtained from the queue or facility statistiecs. It will be discussed

later in this chapter.

TABLE I

FACILITY UTILIZATION STATISTICS I

UALS Module Unload Facility Load Facility
(Destination) Utilization (%) Utilization (%)

1 35.9 L.

2 38.2 6.1

3 34.6 5.4
i 28.8 8.8

5 L1.5 6.1

6 33.9 7.1

7 39.1 8.6

8 34.5 10.2

9 17.1 4.3
10 16.7 L.6
11 14,3 4.0
12 19.7 5.0
13 19.5 5.9
1k 18.8 5.4
15 21.3 5.0
16 31.k4 63.5
17 6.4 7.1
18 7.6 7.2
19 b5 9.8
PPLS NA 100.0
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The value of recirculating conveyors as an in-process storage

may be either under estimated or over estimated.

zes the storage statisties for this simulation.

TABLE II

IN-PROCESS STORAGE STATISTICS I

Table IT summari-

Total Average Average Total Average Time/ | Maximum
Capacity | Contents| Utilization|] Entries Transaction Contents
(no.) (no.) (%) (no.) (min.) (no.)
380 64 16.8 1722 Ly, 6 131

The capacity of the storage was set by the user at the total
number of carts in the system. In this simulation for this system,
the utilization of this storage was low (16.8%). The average time/
transaction tells the user that it took an average of 44.6 minutes
for a loaded cart to reach its destination and be unloaded. This
time might be useful for planning purposes such as planning delays
for customers in placing and receiving orders. The average time a
cart is delayed at a UALS module might also be used in this
estimate. This statistic and other gueue statistics are summarized

in Table TII.



TABLE II1I

QUEUE STATIS

TICS

UALS ' Average Total Average Time/

Module Contents Entries Transaction
(Destination) (no.) (no.) (min.)
1 5.8 139 50.5
2 5.5 155 ho.2
3 5.2 143 43.6
L 6.4 143 53.5
5 6.4 165 46.3
6 5.2 1k9 Li.7
T 6.1 17h Lo.2
8 5.0 169 35.8
9 2.3 6L Lz.2
10 2.3 66 41.3
11 2.2 56 br.b
12 2.3 Th 37.3
13 2.3 78 35.3
1k 2.3 Th 37.0
15 2.3 T 36.2
16 8.1 T61 12.7
17 4.9 Th 78.9
18 k.9 8L 69.9
19 3.9 T 61.5
PPLS Lo.k4 635 T6. 4
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The average station queue contents gives the user an indication

of the average number of carts present at the module at any time.

The total entries tells how many carts passed through
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each UALS module. The average time per transaction gives the
averége total time a cart was delayed at a UALS module for unloading
and or loading plus waiting time. Queue statistics are also

given for the waiting lines that can build ﬁp at the MERGE
modules. These statistics indicate that the two most critical
bottlenecks in the simulation model occur at the point where carts
from the PPLS module attempt to capture a hook on the main loop
and where the two loops merge just prior to the rail docks. The
sizes of these queues may be influenced by the accuracy of the
user defined functions which are probability distributions of
possible destinations of empty and loaded carts. The sizes of
these queues may also be influenced by the total number of carts
that are loaded and unloaded at the UALS modules. The actual
observed sizes of these queues and the simulated sizes of these
queues can be used to test the system sensitivity to external or
internal changes such as increasing the number of carts or
decreasing the cart delay time at the UALS modules.

Finally the two user defined tables RECl1l and REC2 are given
in Table IV. These tables were used to count the number of carts
that pass a point in the model. Table RECl counts the number of
loaded carts from UALS modules 8-15 which are recirculating around
the loop or have a load to be unloaded at the truck docks,

Table REC2 counts the loaded carts which pass another point in the
model. The user may put these types of tables any place in fhe
model where he desires to obtain statistics. The table may be
configured to count empty carts, loaded carts or both. They may

also be used for model verification purposes.



TABLE IV

TABLE STATISTICS I

UALS Observed Freguency
Module Table REC1 Table REC2

(Destination) (no.) (no.)
0 0 0

1 0 39

2 0 L5

3 0 38

b 0 4o

> 0 39

6 0 Lo

T 0 41

8 0 40

9 15 P
10 16 T
11 16 L
12 2L 3
13 28 2
1h 28 5
15 31 6
16 0 0
17 0 0
18 0 0
19 0 0
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CHAPTER VII
SECOND MODEL SIMULATION

The second manufacturer's recirculating conveyor system was
chqsen for study because it is a different type of recirculating
conveyor than the one modeled previously. This chapter includes
a brief system description, a discussion of the simulation model,

and the simulation output statistics.
System Description

This conveyor system is an overhead type conveyor which
transports components from a subassembly load station to two final
assembly unload stations. The products are placed directly onto
discretely spaced hooks which are an integral part of the overhead
conveyor. The conveyor system is somewhat less complex than the
one previously studied; however, it is different in that carts are
not used. The products are placed directly on the hooks.

A floor plan diagram of the conveyor system is shown in
Figure 23. Components which are placed on the conveyor at the
load station firs£ pass through an inspection area. Here the
components are given a 100% inspection as they move on the conveyor.
This portion of the system does not affect the operational aspects
of the conveyor itself and is represented in the model as a delay.

Approximately T70% of the components are the type which are removed
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from the conveyor at the first unload station encountered and
the remainder are destined for the second unload station.

There are 1200 hooks on the 600 foot conveyor which is
operated at a speed of 10 feet per minute. The distance between
. hooks is 6 inches and it takes a hook one hour to complete the
circuit. Thefe are 360 feet of conveyor betwéen the load
station and the first unload station, 120 feet between the first
and second unload stations, and 120 feet between the second unload

station and the load station.
Simulation Model

The conveyor system may be completely constructed using four
simulation modules developed earlier in this research. The CAHG
module is necessary without modification to build the conveyor.
The PPLS module without modification was used to represent the
load station. Two UALS modules with one minor modification was
used to represent the two unload stations. Since the two UALS
modules were being used for unloading purposes only an
unconditional TRANSFER block was added to the module to branch
the transactions around the load portion of the module.

The function used for the possible destination of the loaded
hooks was estimated by the company's Industrial Engineering
Department. One table was defined in this simulatioﬁ model to
tabulate the number of components which recirculated on the
conveyor. X1, the number of carts in the system, was initialized
at 1200 which is the number of hooks in the system. To the model,

this means there is a cart on every available hook. X3, the
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conveyor speed, was initialized at 10 feet per minute. The
distance between hooks could not be directly incorporated into a
savevalue since it was a fractional value. This distance is used
only in variable number one and was placed in that variable directly.
The module parameters and the arguments of the two UALS
modules were obtained from obsérvation of the system in operation
and from the company's supervisory personnel. The data for the
load and unload times was estimated with the aid of the company's
Industrial FEngineering Department. Following the last UALS module,
the sequence of blocks shown below was added to the model to
tabulate the number of components that recirculated on the conveyor

and then transfer the hooks to the entrance to the CAHG module.

TEST E P2,1,TRA
TABULATE - REC1
TRA TRANSFER ,NTR

Finally the model was simulated for eight hours of operation
after having reached steady state. Appendix B shows a source
listing of the conveyor system model and lists the standard

GPSS/360 output statistics produced at the end of the simulation.
Output Statistics

Since the conveyor system is a simple one, only three different
statistics are of any value. The facility statistics give the
average utilization of the load and unload stations, the storage
statistics give the utilization of the conveyor as an in process
storage, and the table statistics can be used to calculate the

percentage of the components that recirculate. The gqueue statistics



and user chain statistics are of no value since no queues can
form in this one loop conveyor system.

Table V gives the average utilization of the load station
and two unload station modules. This statistic can be influenced
by the maximum station queue policy that is used in the UALS
modules., After observing this system in operation, it was
determined that the person unloading components from the conveyor
had enough time to select and unload only two items from the
conveyor at once. The maximum station queue was therefore set at

two.

TABLE V

FACILITY UTILIZATION STATISTICS II

Module Average Utilization (%)
Load Station 73.3
First Unload 77.8
Second Unload 75.0

The capacity of the conveyor as an in-process storage was set
by the user at the total number of hooks in the system. In this
simulation the average utilization was somewhat higher (68.5%) than

in the previous model (16.8%). This is probably due to the fact
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that the overhead conveyor is a different type of conveyor. It
is also being used for a different purpose and it is loaded and
unloaded in a different manner. Table VI summarizes the storage

statistics for this simulation.

TABLE VI

IN-PROCESS STORAGE STATISTICS II

Total | Average Average Total Average Time/| Maximum
Capacity | Contents | Utilization} Entries Transaction Contents
(no.) (no.) (%) (no.) (min.) - (no.)

1200 822 68.5 9629 41.0 846

Table VII gives thé results of the recirculation statisties
tabulated in the model. These results were tabulated in table
REC1l., More of the items destined for unload station number twb
recirculated than those destined for unload station number one.
Although less components are assigned to be unloaded at UALS module
number two (30%), the mean unload time is significantly larger
(.140 minutes compared to .060 minutes for UALS number one). The
simulation time of eight hours means that 9600 (8 X 1200) hooks
passed a given point in the system after the conveyor is constructed.

There were T4l entries into table RECl. This means that T7.75% of



the components recirculated on the conveyor or that the probability

of recirculation of any one component is .0775.

TABLE VII

TABLE STATISTICS II

UALS Observed
Module Frequency
(destination) (no.)
1 193
2 551
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CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS

This chapter includes a summary of how the research objectives
set forth in Chapter I were accomplished and suggests areas for

future research.
Conclusions

The first research objective Qas to examine the functional
components of a particular complex integrated conveyor system, with
the objective of identifying the functional components and para-
meters of the system. After confining the research to constant
speed discretely spaced recirculating complex conveyor systems, a
survey of the literature and an on site observation assisted this
researcher in identifying the functional components and parameters
of this particular type of conveyor system. These components and
parameters were later incorporated into the basic structure of the
simulation model. Examples of these componenfs and parameters
include: (1) conveyor speed, (2) hook spacing, (3) number of carts,
(4) finite distance between decision points, etc.

The second research objective was to identify and describe
the components and parameters of the types of interfaces that do
occur between the functional components of the complex recirculating

conveyor system. Chapter III of this dissertaticn described four
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major interfaces or decision points that occur in the particular
system selected for study. A fifth interface was later identified
by this researcher to complete the analytical description of the
conveyor system.

The third objective was to develop and encode a computer
simulation model using a modular format to represent the functioning
of the components identified in the first two research objectives.
The development and encoding of the five simulation modules of the
second research objective is described in Chapter IV. The first
section of Chapter V describes to the user how the components and
parameters of the first research objective were incorporated into
the simulation model.

The fourth research objective was to demonstrate that the
"plug-in" simulation modules provide a feasible approach for building
a general purpose simulation model. The manner in which the
modules were developed in Chapter IV was centered around a
general purpose technique. The validation of the modules in
Chapter IV required the construction and simulation of a small
conveyor system that consisted of one of each of the five
modules., Without changes in the modules, they were in Chapter VI
put together to form a large conveyor system. This flexibility
of the modular approach demonstrates the feasibility of a general
purpose simulation model for constant speed discretely spaced
recirculating conveyor system. The general purpose approach is
further demonstrated in Chapter V.by providing the user with a

general user guide in programming a simulation model using these

five modules. Chapter VII also demonstrated the feasibility of the
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approach by using the general purpose modules to simulate another
unrelated conveyor system.

Finally the fifth research objective was to use the "plug-in"
simulation components to simulate the recirculating conveyor system
to validate the model construction and to further validate the
simulation modules and demonstrate the feasibility of the approach
by using the modules to simulate another unrelated recirculating
conveyor system. Chapter VI and Chapter VII of this dissertation

describe the simulation models and their results.
Recommendations

There are three major areas for future research in the ares
of constant speed discretely spaced recirculating conveyor systems.
Since this dissertation proved its feasibility, the all-
encompassing general purpose simulation model should be developed.

This may require the development of additional modules to provide

for all the cases that might be encountered. It also might
require modification of one or more of the five modules that have
been developed in this dissertation to provide compatibility with
future modules or to provide flexibility in simulating a variety
of conveyor systems.

A second area of research should be a rigid mathematical
verification of a particular conveyor system simulation model. This
may require the researcher to find a conveyor system about which
a great deal of hard performance data already exists. If this is
not possible, the researcher should be required to obtain a

significant amount of hard performance data concerning a particular
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conveyor system. This verification should serve as a further test
of the general purpose approach.

The third ;rea of research should be to use the general purpose
model, once developed, to devise a set of mathematical "prediction
equations" for the general purpose model. The equations could be
used to predict the outcome of simulation models of conveyor systems
without having to run the simulation on the computer. The equations
would emperically describe the functional components and complex
interactions of the simulation model.

Just as Terrell and Bussey's work provided a spring board for
this dissertation, this researcher hopes that this thesis provides

a catalyst for yet further work in this field.
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EEE GPSS/360/70S VERSION 1
*%%x JBM PROGRAM NUMBER 360A-CS-17X (VIM4) *x%x
REALLOCATE XAC,1200,BL0,1200,FAC+100,5TC,1,QUE,100,L0G+100
REALLOCATE TABy5¢FUNy12,VAR,75,FSV, 5,HSV45,CHAy 30,GRPy14BVR 10
REALLOCATE FMS,1 yHMS,1,C0M,75000

*

WN -

HOT



BLOCK
NUMEER

*LCC

MERG1
#J

#A

#H

MERG 2
#D
#G

#C

#H

#B8

#1
#J

MERG3

CARD
OPERATION A¢B4CoD1EsF+G COMMENTS NUMBER
SIMULATE 4
STARTMACRO 5
LOGIC S #J 6
GATE. LS  #G#A 7
LOGIC S #D 8
GATE LS ¥E 9
TEST € Plyl,#B 10
LOGIC S #C 11
PRIORITY  0,BUFFER 12
PRIORITY 1 13
PRIORITY  0,BUFFER 14
PRIORITY 1 15
LOGIC R #F 16
LOGIC R #C 17
LOGIC R #0 18
LOGIC R #E 19
TRANS FER s #1 20
LOGIC S #G 21
GATE LS i, #A ] 22
LOGIC S HE 23
GATE LS #D 24
TEST E P1ly L, TERM 25
LOGIC S #F 26
PRIORITY  O,BUFFER . 27
PRIORITY 1 28
ENDMACRO 29
STARTMACRO 30
GATE NU #Gy #G 31
BVARIABLE #F , 32
TEST € HE,1,#H 33
QU EUE #C . 34
LINK #Cy FIFO, #C 35
SEIZE 119 36
LOGIC S o 37
GATE LR #C ' 38
DEPART #G ] 39
RELEASE #G 40
UNLINK HCy#C,1 41
TRANSFER v HA 42
LOGIC S #C 43
TRANSFER V1 #A 44
PRIORITY  0,BUFFER 45
PRICRITY 1 46
PRIORITY  0,BUFFER 47
PRIORITY 1 48
GATE LR  #Cy#1 49
TRANSFER 1HA 50
LOGIC R #C 51
TERMINATE 52
ADVANCE 0 53
ENDMACRQO 54
STARTMACRO 55
VARIABLE  #C 56
ADV ANCE #e 57

ENDMACRD 58

40T



SPLT1

4G

#D

¥E
#F
#C

SPLT2
BA
#C

SPLT3
L]
#C

ULSTL
#D

#0

uLsST2

#A

L1

#B

ST ARTMACRO
TEST €
BVARIABLE
TEST E
TEST LE
SPLIT
TRANSFER
ASSIGN
ASSIGN
ASS IGN
TRANSFER
SPLIT
TRANSFER
ASSIGN
ASSIGN
ASSIGN
TRANSFER
SPLIT
TRANSFER
ENDMACRO
ST ARTMACROD
VARTABLE
ADVANCE
TRANSFER
ENDMACROD
STARTMACRO
VARIABLE
ADVANCE
TRANSFER
ENOMACROD
STARTMACRO
TEST €
TEST E
TEST L
QUEUE
SPLIT
TEST E
SEIZE
VARIABLE
ADVANCE
LEAVE

ASS IGN
RELEASE
ENDOMACRO
STARTMACRC
TEST GE
ASSIGN
TRANSFER
QUE UE
LINK

TEST G
SE1ZE

DEP ART
VARIABLE
ADVANCE
ENTER
ASSIGN

Plyl,kC
#H

1y 1y #E
QSLCRY y #J4 #E
144D

» #A

1,0

24,0

3,0

4B
1,#F

v #B

1,0

240

3,0

WhA

1 #A
4B

#E
#D
v #8

#E
#C
' #8

Pl,1,#A
P3, 4G, #B
HESH1,4B
#D

1, #A
P241,4#4C
#A

#J

#H#F
1es

240

#A

HCoHH R A
34 KE

1 #8

#A

#Ay FIFOy #F
#Cy #H

#8

#A

#1

KRGy #D
IpsS

2,1

59
60
61
62
63
64
65
66
67
68
69
70
T
72
73
T4
75
16
17
78
79
80
81
82
a3
84
B85
86
87
88
89
90
9l
92
93
94
95
96
97
a8
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
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RELEASE #B

UNLINK #Ay#Fs1
ENOMACRO

ULST3 ST ARTMACRD
ASSIGN 3 4#H

#A SEIZE #C
LGOGIC S BB
GATE LR #6
RELEASE #C
DEPART #G
TRANSFER 1#C

#O ASSIGN 140
ASSIGN 240
ASSIGN 3,0

GATE LR #By #E
TRANSFER v KC
RE LOGIC R #B

TERMINATE
#E VARIABLE #1
#C ADVANCE kF
ENDMACRO

NCRM  FUNCTION RN1, (31
0y=5.00/,00023,=-3.5(/400058,-3425/,00135,-3,00/.,00300,-2.75/
«006209-2+50/4012204-2425/.02280,-2.00/.04010,~1e 75/, 06680,~1,50/
210570¢-1¢25/.158704-1400/,226609y-0475/4308509-04+50/4+40130,-0.25/
«50000y0.00/.5987090425/4 6915040450/ 77340,0.75/+84130,1.00/
28944041.25/49332041450/.9599041.75/49773042.00/.98780,2.25/
©5938042450/e99700¢2675/¢9986543.00/49994243.25/499977,3.50/1.0,5.00

OLCP FUNCTION RN1,D15
e11 01742242/ 43343/ 04444/ e55¢5/46646/ 77417 e83,8/.90,9/+92+10/.94411/
+96912/.98413/.99514/1,0+15

CECP FUNCTION RN1,019
0«04 41/008 42701343/ e1744/42215/025467/ 4347/ .35:8/438,9/.42910/.45411/
0499 12/0529113/.56414/460¢15/075916/483 917/.91,18/1.0,19

CLC1 FUNCT ION RN1,D11
2C199/4024+10/403411/,04912/4064137/.08914/01915/¢8416/487917/.94,418/
1.0419

CEC1  FUNCTION RN1,D10
¢4090/¢4311/4T742/05043/05424/45T715/e6146/.65,T7/:73+8/1.0416

OLCS  FUNCTION RN1,04
eT416/.8417/.9,18/1.0,419

DEC9 FUNCTION RN1,012
02590/ 0319/e35¢10/44511/.65412/.5413/.55414/.6415/.85,16/45,17/
«95418/1.0,+19

DLCT FUNCTION RN1,D15
e0T 91/ e14402/e2213/429+4/43795/04446/05347/.6048/.6549/470,10/.75411/
e £0912/48064913/.93,414/1.0,415

CECT FUNCTION RN1,4D19
«T00/eT1 01/ 7242/ oT443/ 7544/ eT645/eTT46/eT8:T/e898/481,9/.82,10/
084411/7485412/¢87413/488914/49415/493,17/.96,18/1.0,419

CLCR FUNCTION AN1,D15
0«09 91/ ¢1842/42713/03694/ 04445/ e5396/06141/eT3¢8/4T7549/.79,10/.83,11/
2 ET912/4914913/.96,14/1.0415

CECR FUNCTION RN1,02
«80:0/1.0416

REC1 TABLE P3,Gs1,20

REC2 TABLE P3y0:1420

116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
125
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
lo4
165
166
167
168
169
170
171
172
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1es

TERM

NTR
B8 EGN

SKIP
BYPS

LST1

LHO1

LHK1
LEC1

LFAl

LvB1

LOC1

Lsz1

LTH1

LAV1
LSCl

INITIAL
INITIAL
INITIAL
STORAGE
VARIABLE
GENERATE
QUEUE
SEIZE
GATE LS
LOGIC R
DE PART
RELEASE
TERMINATE
GENERATE
GATE LR
TRANSFER
LOGIC S
TEST E
TEST G
TEST LE
LOGIC S
ASSIGN
TRANSFER
LaGIC §
SPLIT
ASSIGN
ASS IGN
TRANSFER
TEST €

© SPLIT

ASSIGN
ASSIGN
ASSIGN
GATE LR
TR ANSFER
QUEUE
LINK
SEIZE
DEPART
TEST E
ENTER
VARIABLE
ADVANCE
ASS IGN
ASSIGN
RELEASE
UNLINK
SEIZE
LOGIC S
GATE LR
RELEASE
TRANSFER
LOGIC R
TERMINATE
FV AR IABLE
ACVANCE
TRANSFER

X1,380
X2,21
X3,Tu

380
(X2*10003/X3
V1) eeXlys3
CARS

CAR

20

20

CARS

CAR

Viseeele3
19, TERM
+BEGN

19

P 1y 0y SKIP
Q$CARS+0,SKIP
W$LCR1+35,BYPS
20

1,1

fLSTL

20

1 ,LHCL

1,1
3+FNSDECP
LS 21
PlylyLHKL
1,LECL

3,0

3,LTH1
»LSO1

LCR1
LCHFIFO,LFAL
LCR1

LCR1
P2,0sLDC1
1£:3

FN$ NORM*400
2000,V$LVB1L
241

3 ,FNSDLCP
LCR1
LCH,LFAl,1
LCH1

3

3

LCH1

¢ LSOL

3

(55/X31(1000)
V$LAVL
yMAO

173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
165
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
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51
52
53
54
55
56
57
58
5%
60
61
62
63
64
65
66
67
68
69
70
T1
T2
13

T4

15
76
17
78
16
80
81
82
83
84
85
86
87
88
. 89
90
91
92
93

35

96

97
98
95
100
101

MERGY
MAR

MAO

MERG2
MAvV
MAQ

MAF

MAP

FAH

MAT

MAG
NERG3
MAS

ULSTL
UAQ

MACRN
L2GIC S
GATE LS
LAGIC S
GATE LS
TEST €
LOGIC S
PRIORITY
PRIORITY
PRIORITY
PRIORITY
LIGIC R
LOGIC R
LOGIC R
LDGIC R
TRANSFER
LOGIC S
GATE LS
LOGIC S
GATE LS
TEST E
LOGIC S
PRICRITY
PRIORITY
MACRG
GATE NU
BVARIAZLE
TEST £
QUE UE

- LINK

SEIZE
LOGIC S
GATE LR
DEPART
RELEASE
UNL INK
TRANSFFR
LNGIC S
TRANSFER
PRICRITY
PRIDRITY
PRIDRITY
PRICRITY
GATE LR
TRANSFER
LGGIC R
TERMINATE
ADVANCE
MACRC
VARTABLE
ADV ANCE
MACRO
TEST E
TEST €
TEST L
QUEUT
SPLIT

MAX o MAH s MAA, MAB s MAC, MAD, MAC,MAD, MAGyMAR
MAR
MAE s MAX
MAB

MAC
Pl,1,MAH
MAA
0yBUFFER
1

Q!B UFFER
1

MAD

MAA

Mag

MAC

1 MAG

MAE
MAR § MAX
MAC

MAB
Plyl,TERM
MAD
0yBUFFER
1

MAX ¢ MAHy MAF yMAV s BVSMAV , LSSMAA¥L SEMAD ,MAU s MAP 4 MA T, MAG

MAQ 4 MAQ
LSSMAA®LSSMAD
BVSMAV , 14 MAP
MAQ

MAF JFIF O, MAF
MAY

MAF

MAF

MAY
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» MAX

MAF

) MAX

0y BUFFER

1

Os8UFFER

1

MAF , MAT

) MAX

M AE

0

MAS yVSMAS 4 (390%1000)/X3
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V $MAS

UAH yUAJ UAS ,UAG CSUAGQ,V U A2,1,400Uy 15, FN INIRU %30Q
P11, 1,UAH

P3,1,UAD

QSUAQy15,UAT

UAJ

1,4 AH

239
230
230
230
239
230
230
230
2390
230
230
230
230
230
230
230
230
230
230
239
230
230
230
230
231
231
231
2731

231
231
231
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231
231
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THIS IS SNAP 5 OF H

RELAT IVE CLCCK 1200000 ABSOLUTE CLACK 1320000
BLOCK COUNTS
B8LOCK CURRENT TOTAL dLOCK CURRENT ToTAL 8L ICK CURRENT TaTAL BLOCK CUKRENT TOT AL BLOCK CURRENT TOTAL
1 0 0 11 9 0 21 ] 0 31 Q 597 41 2 598
2 C ] 12 Q 4007 22 u 0 32 J 597 42 Q 598
3 0 0 13 0 4007 23 0 o 33 Q 598 43 0 598
4 Q 0 14 [ 3410 24 3 4907 34 0 598 44 0 599
5 Q 0 15 0 Q 25 J 1194 35 Q 598 45 0 599
6 0 0 l6 0 [¢] 26 0 597 36 Q 598 46 [} 599
7 0 0 17 a 2 27 Q 597 37 1 598 47 0 599
8 0 15125 18 J 4007 28 0 597 38 [} 598 48 0 599
9 Q 4000 19 0 Q 29 0 4007 39 0 598 49 3 4007
1¢ C 40900 20 Q 2 30 0 3408 40 0 598 50 0 4006
BLCCK CURRENT TOT AL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CURRENT TOTAL
51 Y] 4007 61 0 4007 71 o 598 81 0 636 91 o 547
52 < 40C7 62 0 4007 T2 0 598 82 0 636 92 Q 9
53 0 4007 63 J 4007 73 Q 598 33 0 636 93 Q 638
54 ¢ 4007 64 [} 4007 T4 J 598 84 0 636 94 2 638
55 0 4097 65 [¢] 4007 75 0 13 85 0 2 95 0 4007
56 ] 3360 66 0 4005 T6 0 596 86 Q 2 96 5 4007
57 0 3360 67 Q 4006 77 Q 596 a7 [} 647 97 0 4006
58 0 3360 68 0 4C06 78 0 636 88 0 647 98 [} 3997
59 0 3360 69 0 4307 79 1 636 a9 0 647 99 Y] 134
690 Q 3360 T0 0 4097 89 0 636 93 0 647 100 0 134
BLOCK CURRENT TOT AL BLOCK CURRENT TaTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL
101 [} 268 111 0 26 121 1 26 131 0 143 141 0 151
102 0 134 112 0 26 122 [} 132 132 0 11 142 [} 114
103 < 108 113 [} 26 123 1 132 133 0 132 143 9 114
104 [} 108 114 [} 26 124 [} 132 134 [} 132° 144 0 115
105 (L 108 115 0 256 125 o 132 135 5 4006 145 0 115
1c6 [ 108 116 [} 26 126 0 132 136 o 4007 146 0 115
107 0 108 117 0 26 127 0 132 137 0 3996 147 0 115
108 0 108 118 0 26 128 o 143 138 [} 151 148 0 115
109 0 108 119 [} 26 129 0 143 139 [} 151 149 2 115
110 3 108 120 1 26 130 o 143 140 0 302 150 0 37
BLOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CURRENT TOVAL BLOCK CURRENT T0TAL BLOCK CURRENT TOTAL
151 [} 37 161 0 150 171 0 12 181 0 104 191 [} 32
152 0 37 162 1 150 172 o 150 182 [} 104 192 0 32
153 0 37 163 ] 150 173 [} 150 183 0 105 193 0 32
154 0 37 164 o 150 174 29 4007 184 0 105 194 1 32
155 0 37 165 0 150 175 0 4906 185 0 105 195 9 32
156 0 37 166 ] 150 176 Q 3994 186 0 105 196 "] 32
157 0 37 167 0 162 177 [} 137 137 Q 105 197 0 32
158 9 37 168 0 162 178 [} 137 188 0 105 198 Q 32
159 1 37 169 [} 162 179 0 274 189 0 33 199 2 32
160 0 37 170 [} 162 180 0 137 130 [} 33 200 0 126
BLOCK CURRENT TOTAL ELOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURKENT TOTAL
201 1 136 211 0 136 221 [} 87 231 o] 53 241 3 138
2C2 C 136 212 0 136 222 0 87 232 "] 53 242 3 138
203 0 v 136 213 21 4006 223 0 87 233 Q 53 243 [} 138
204 0 136 214 Q 40C6 224 Q 87 234 Q 53 244 0 138
205 G 136 215 0 3993 225 a 87 235 0 53 245 [¢] 153
206 0 149 216 0 149 226 o] 87 236 0 53 246 Q 153
207 [} 149 217 0 142 227 1 87 237 1 53 247 Q 152
208 Q 149 218 0 289 228 0 53 238 1 53 248 0 153
209 0 149 219 Q 142 229 Q 53 239 0 138 249 0 15
21¢C ] 13 229 3 87 230 0 53 240 1 0

138 250 138

0¢T



BLICK CURRENT TOT AL BLOCK CURRENT TOTAL 8LOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CURRENT TOTAL

251 Q 138 201 0 124 271 0 37 281 [ 157 291 6 4006
252 22 4006 262 0 124 272 [ 37 282 [ 157 292 0 «006
253 0 4006 263 0 124 273 0 37 283 0 157 293 9 3985
254 G 3990 264 Q 124 274 0 37 284 0 178 294 [} 145
255 J 162 265 ] 124 275 0 37 285 g 178 295 0 145
256 0 152 266 3 124 276 1 37 286 0 178 296 o] 290
257 0 324 267 Q 37 277 1 37 287 o 178 297 0 145
258 9 162 268 9 37 278 o] 157 228 0 21 298 Q 102
259 [¢] 125 269 0 37 279 1 157 289 0 157 299 3 102
260 1 125 2790 0 27 23y 0 157 290 J 157 300 0 102
BLCCK CURRENT TOTAL BLOCK CURRENT TOTAL BLNCK CURRENT TOTAL BLOCK CUKKRENT TOTAL BLOCK CURKENT TOT AL
301 0 102 311 D 43 321 J 143 i3 [ 4007 341 0 118
302 0 102 312 0 43 322 0 143 332 0 3984 342 0 118
303 0 102 313 g 43 323 0 166 333 ] 169 343 J 118
204 0 1902 314 0 43 324 0 166 334 0 169 344 2 118
305 2 102 315 1 43 325 0 166 335 Q 338 345 g 51
306 Q 43 316 1 43 326 0 166 336 [} 169 346 ] 51
307 0 43 7 0 143 327 0 23 337 ] 118 347 [¢] 51
308 0 43 318 1 143 328 g 143 338 o 118 348 0 51
309 0 43 319 Y 143 329 0 143 339 o 118 349 0 51
210 < 43 320 0 143 330 7 4006 340 0 118 350 0 51
BLCCK CURRENT TCTAL BLOCK CUKRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TITAL
351 0 51 361 v 163 37 0 3982 381 0 103 391 V] 63
352 0 51 362 0 152 372 ¢} 165 3g2 0 103 392 Q 63
353 0 51 363 0 192 373 ] 165 383 1 103 393 1 53
354 1 51 364 0 192 374 0 330 384 o 62 394 3 63
355 1 51 365 0 192 375 0 165 385 0 62 395 0 162
256 [¢] 168 366 0 24 376 0 103 386 0 62 296 1 162
357 1 168 367 0 168 377 0 193 387 ] 62 397 0 162
358 ] 168 368 0 l68 378 0 103 338 0 62 398 0 162
359 [ 168 369 6 4007 - 379 0 103 389 0 62 399 0 162
360 0 168 370 Q 4006 380 0 103 390 0 63 400 0 162
BLOCK CURRENT TOTAL 6LOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLIC K CURRENT TOTAL
401 0 189 411 0 692 421 0 3287 431 0 4006 441 g 4006
402 0 189 “l2 0 1384 422 0 3287 432 0 4006 442 Q 4006
403 0 189 413 0 692 423 3 3287 433 ] 4006 443 ] 4006
404 0 189 414 0 692 424 0 54 434 0 4006 444 0 4006
405 0 27 415 0 692 425 g 27 435 0 694 445 Y] 4006
406 0 162 416 0 692 426 11 4006 436 0 694 446 Q 4006
407 0 162 417 [} 692 427 0 4005 437 0 694 447 0 4006
408 4 4006 418 0 6574 428 3 4006 438 0 694 448 Q 4006
“09 0 4006 419 0 32867 %29 Q 4306 419 0 694 449 0 4006
.‘o].\) 0 3979 420 0 3287 439 0 4906 449 0 4006 459 J 255
BLCCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT ToTAL
451 v 255 461 0 6b 471 Q 3057 481 0 62 431 J 21
452 [ 255 462 0 66 472 0 255 482 Q 41 492 0 21
453 0 255 463 0 66 4713 [¢] 255 483 0 41 493 3 21
454 0 247 464 0 189 474 0 4006 48B4 0 41 494 ] 21
455 8] 66 465 0 189 475 19 4206 485 0 41 495 Q 21
456 o] 66 466 [¢] 3312 476 ] 4006 4386 0 41 496 0 21
457 0 : 66 467 J 3312 477 Y 961 487 0 41 497 0 21
458 ] b6 458 V] 3312 478 0 62 4«88 Q 41 4938 0 21
459 Q 66 469 0 31212 479 0 62 489 0 4l 499 1 21
46C 0 66 470 Q 3312 480 0 124 499 0 21 500 0 21
BLCCK CURRFNT TOT AL BLOCK CURRENT TOTAL 3LUCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CUPRENT TITAL
501 V] 64 511 i 3045 521 0 40 531 0 23 5S4l 9 53
502 ¢ 62 512 v 62 522 o 40 532 ] 23 542 0 64
503 ] 62 513 0 62 523 0 4«0 533 ] 23 543 9 64
£04 0 62 514 4 4006 524 3 4J 534 Y Q 64

23 544
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505 0 62 515 0 4006 525 0 40 535 0 23 545 0 64
506 "] 62 516 0 963 52¢ [ 40 536 ] 22 546 9 3106
5¢7 Q 3107 517 ] 64 527 J 49 537 J 23 547 0 3106
508 Q 3107 518 [ 63 528 Q 40 538 1 23 548 0 3106
509 0 3107 519 0 126 529 ] 23 539 0 23 569 2 3106
510 0 3107 520 v 63 530 0 23 540 [ 63 550 0 3042
BLCCK CUKRENT TOTAL BLOCK CURRENT TOTAL SLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL
551 Q 54 561 0 35 571 0 19 581 0 S4 591 0 54
552 ¢} 64 562 o} 35 572 0 19 582 0 54 592 3 4006
553 4 4006 563 ¢} 35 573 0 19 533 ¢} 54 593 Q «007
€54 0 4006 564 9 35 574 0 19 584 Q 54 594 0 970
555 0 967 565 0 35 515 [} 19 585 0 3093 595 0 72
556 0 54 566 0 35 576 0 19 586 0 2093 596 ¢} 71
557 0 54 567 0 35 517 1 19 587 [¢] 3093 597 [¢] 142
558 0 108 568 Q 19 578 [ 19 588 0 3093 598 0 71
559 0 54 569 0 19 579 0 54 589 0 3039 599 0 47
560 0 35 573 0 19 580 0 54 590 Q 54 600 0 47
BLOCK CURREN TOTAL BLOCK CURRENT TOT AL BLUCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOLK JURKENT ToTAL
601 0 48 611 0 24 621 0 72 631 11 4007 64l ] 47
602 ] 48 612 0 24 622 0 72 632 o 4006 642 9 47
€03 0 48 613 9 24 623 ] 12 33 0 915 543 0 47
604 0 48 614 0 24 624 Q 3108 634 0 17 544 Q 47
605 ¢ 48 615 0 24 625 ¢ 3108 635 Q 76 645 2 7
€06 9 “8 616 1 24 626 9 3108 636 ¢} 152 546 0 29
607 Q 24 617 0 24 6217 Q 3108 637 Q 76 647 9] 29
6C8 ¢ 24 618 Q 72 623 0 303¢ 6138 0 47 648 0 29
€09 0 24 619 ] 12 629 0 72 633 0 “7 649 9 29
610 0 24 620 0 T2 630 ] 12 640 0 &7 650 o] 29
BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL
651 ¢} 29 661 9 T6 671 0 4006 681 2 45 691 9 27
€52 [4 29 662 0 75 672 0 977 682 0 45 692 0 27
653 u -~ 29 663 0 3107 673 0 72 683 0 45 693 0 27
654 0 29 664 0 3107 674 0 70 684 o 45 694 1 27
€55 1 29 665 0 3107 675 Q 140 685 0 25 695 0 27
656 0 29 666 0 3107 676 0 70 686 0 25 696 Q 12
657 0 76 667 0 3031 677 Q 45 687 0 26 697 [} 72
€58 0 76 668 0 76 678 0 45 688 0 26 698 ¢} 72
659 [} 76 669 0 16 679 0 45 689 0 26 599 0 72
660 ¢ 76 670 4 4006 680 0 45 690 0 26 Tuv 0 12
8L CCK CURRENT TOTAL 8LACK CURRENT TOTAL 3LOCK CURRENT TOT AL BLOCK CURRENT TOT AL BLOCK CURKENT TITAL
701 9] 72 T11 ¢ 982 721 0 52 731 0 23 741 2 3100
702 Y 2099 72 0 17 122 0 52 732 0 23 T42 0 3100
703 0 3099 713 ¢ 75 723 0 52 733 1 23 743 Q 3100
,104 C 3099 714 o] 159 124 0 23 734 0 23 T44 o] 3100
70% 0 3099 715 0 75 125 Qo 23 735 9 75 745 Q 302¢
106 0 3027 T16 [ 52 726 0 23 736 0 75 Teo 0 75
7cT 0 72 n7 0 52 727 0 23 737 ol 75 Te? J 15
708 Qo 72 718 J 52 728 9 23 738 0 75 T48 te 4007
709 3 4006 719 0 52 729 0 23 739 0 75 T49 J 4006
71¢ C 4037 720 J 52 730 J 23 T49 9 75 750 9 931
BLCCK CURRENT TCT AL BLOCK CUMRENT 0TAL SLOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CURRENT TOTAL
751 ¢} ‘749 761 0 232 771 V] 752 781 0 378 791 J 380
752 0 1498 152 ] 232 172 Q 752 782 0 378 792 0 380
753 0 749 763 o) 232 173 Q 752 783 0 378 793 1 3180
154 V] 749 164 9 695 774 Q 1504 784 0 377 794 Q 380
755 0 749 765 0 3025 775 0 152 785 0 377 195 0 758
756 9 749 756 5 4006 176 9 377 186 0 376 79 v 758
157 Q 749 767 o] 4906 777 Q 377 787 0 379 757 0 750
758 Q 464 768 7 4005 778 Q 373 788 0 379 738 2 759
759 0 232 769 Q 4005 779 Q 3718 739 Q 379 799 J 759
ToC 0 232 770 0 40205 780 0 373 799 0 380 300 ) 759

ceT



BLCCK CURREAT TovaL ELUCK CURRCNT TCTaL BLOCK CURRENT TaTAL BLICK CURRENT TOT AL BLGCK CURFFNT TOTAL

801 ] 4006 311 a 43006 321 g . 4206 831 0 T62 841 0 85
802 Q 4006 812 - J 40Cs 822 [+ 4206 832 o] T62 342 0 35
802 0 4306 813 0 4005 823 9 4306 833 0 762 843 0 L1
804 0 4206 814 o 4005 24 0 4006 834 g 739 844 Q €719
805 0 3247 815 Q 232 825 0 4006 835 0 a3 845 Q €79
ECe 0 15¢ 816 Q 232 326 0 40U6 836 0 83 846 0 3774
807 Q 759 817 0 232 327 0 4006 837 9 34 847 0 3774
808 12 4006 818 2 232 828 0 4006 838 0 84 843 ] 3774
€u9 0 4006 819 Q 232 329 0 4006 833 0 85 849 0 3774
810 0 4006 820 Q 4006 830 Q 762 A40 0 85 B850 [ 3774
BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLICK CURRENT TOT AL BLOCK CURRENT TaTAL 8LOCK CURRENT TOTAL
851 [¢] 3010 861 o] 748 871 0 6006 831 +] 4206 891 0 4006
€52 [ 764 862 0 748 872 0 3003 882 1 4006 892 0 4006
853 Q 164 863 a T43 873 8 4006 883 bl 4006 893 0 4006
854 0 4006 864 0 T48 374 0 4006 884 ] 4006 894 a 4006
€55 13 4006 865 9 510 875 3 4006 585 0 750 895 ¢] 4006
€56 0 4006 866 0 2¢5 376 0 4006 886 0 750 896 0 4006
es7 0 1003 867 9 255 3717 0 4006 887 0 750 897 0 4006
€58 [ 748 858 Q 255 378 9 158 883 0 750 898 0 4006
859 0 1496 869 [ 255 879 0 4006 389 0 750 899 0 4006
860 0 748 870 0. 255 880 9 4006 890 0 4006 5090 0 3285
BLOCK CURRENT TOoTAL BLOCK CURRENT TOTAL BLNCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURKENT TOTAL
901 o 3235 911 0 3211 921 9 28 93L Q 72 G4l 3 34
5G2 C 3285 912 0 3211 322 v 3228 932 g 38 942 3 14
903 0 3285 913 0 3211 923 0 3228 933 Y] kL] 943 0 34
904 0 34 914 0 17 924 Q 4006 934 0 38 944 Q 14
505 [ 32638 915 .0 17 925 12 4006 935 0 38 945 o} 34
306 0 32638 916 0 3256 -926 0 4907 936 0 38 946 3 14
sQ7 0 3211 97 0 3256 927 0 3917 937 0 EY:) U947 0 34
s08 1 3211 918 Q 3256 928 0 T2 938 0 38 948 0 34
909 0~ 3211 S19 0 3256 929 0 T2 939 0 38 949 1 34
S$10 0 3211 920 0 3256 930 0 144 940 o 34 950 2 34
BLCCK CURRENT TOT AL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TAT AL BLUCK CURKENT TaTAL
S$51 0 70 951 J 33 971 [} 46 981 0 35 991 i A0
552 1 T0 962 ] 69 972 o} 46 982 0 35 992 0 79
953 0 69 963 0 69 973 0 46 983 0 5 993 ] 79
<54 0 69 G964 16 4007 974 9 46 984 0 35 994 o} 79
955 o 69 965 0 4006 975 0 46 985 0 36 995 0 79
956 0 65 366 0 3967 376 0 4 936 0 36 996 0 120
$57 Q 102 967 0 81 977 "] 46 937 0 36 997 0 120
958 0 102 968 0 81 978 2 46 988 1 36 998 0 120
956 o 192 969 9 162 379 0 35 989 0 36 399 0 120
’960 u 102 570 0 81 930 0 35 930 0 80 1000 3 41
BLCCK CURRENT TCT AL BLOCK CURRENT TOTAL 8L3CK CURRENT TITAL BLOCK CURRENT TOoTAL BLNCK CUKRFENT TOTAL
1901 ] 79 1011 J 27 1321 J 47 1031 0 73 1041 0 73
1002 0 79 1012 J 27 1022 c &7 1032 0 73 1042 10 4007
1603 15 lut2? 0 27 1023 0 47 1233 0 73 1043 [ %006
1304 0 1014 0 27 1024 0 48 1034 0 73 1044 0 3959
1305 a 1015 ] 27 1325 0 48 1035 0 116 1045 ¢l 3401
1¢C6 Y 1016 J 27 1026 J 48 luds 0 116 1046 J 1194
1007 0 » 1017 1 27 1027 1 48 1037 0 116 1047 9 597
1008 0 101g J 46 1328 ] 4B 1038 0 115 1048 9 597
1C09 Q 1419 v 45 1929 J 74 1039 Y] 43 1049 ol 597
1010 0 1020 0 4“7 1039 1 T4 1049 0 73 1050 Q9 597
BLCCK CURRENT TOTAL BLOCK CURRENT TOTAL BLICK CURRENT TOTaL BLOCK CURRENT TOTAL dLUCK CULRPENT TOTAL
1651 3 597 1061 0 4307
1¢52 C 6724 1062 6 4325
1053 J 3362 1062 0 4007
1C54 0 3262 1064 0 4007
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USER CHAIN TOTAL AVERAGE - CURRENT AVERAGE MAXIMUM

ENTRIES TIME/TRANS CONTENTS CONTENTS CONTENTS
LCH 635 T6435.312 37 40,647 49
MAF 637 14715.570 12 7.811 52
UAB 27 46452.109 1 1.045 3
uss 38 33656.050 1 1.065 3
ucs 35 36299.199 3 1.058 3
uocs 54 24330.218 1 1.094 3
UEB 38 33540.234 1 1.062 3
UFB 44 29287.203 1 1.073 3
uGs 52 25216 .613 1 1.092 &
UHB 64 20988.765 1 1.119 4
MBF 8 150,000 «000 1
uis 22 57106 .589 1 1. 046 3
[N} 24 52664.707 1 1.053 4
UKB 20 62443.097 1 1.040 2
uLs 25 50614.878 1 1.054 3
UMB 30 424454632 1 1.061 3
UNB 28 455602,.890 1 1.064 4
Lo8 24 52507.582 1 1.050 3
ues 381 162704 898 1 bl.118 32
MCF 24 604625 . 001 1
MOF 3252 18859.996 58 51 .110 71
uqQe 35 36B844.,054 1 1.074 3
URB 37 34907 .726 1 1.076 3
uss 49 27100, 753 1 1.106 3

GET



FaCIL ITY AVERAGE NUMBER AVERAGE SE1ZING PREEMPT ING

UTILIZATION ENTRIES TIME/TRAN TRANS, N3, TRANS. NO.

LCR1 1. 9390 539 2J03.,338 431
LCHL <076 599 153.505

MAQ +986 637 1857 .466 116
UAH 359 198 3999.925

UAL <044 26 2042.,269

UAC 967 133 8725.304 91
UBH » 382 115 3995.773

uBL .061 37 1998.053

usc <970 151 7711.085 31
UCH 346 105 3959.856

ucL «054 33 1971.272 226
uco «952 137 8346.195 444
UDH «288 87 3984,287

upL .088 53 19964811

Loo «9371 139 8389.558 381
UEH 415 125 3985.575 237
UEL <061 37 23084540

UeEQ «963 158 7318.472 179
UFH «339 102 3998.813

UFL 071 43 1983.906 -

LFQ . 937 144 7810.539 136
UGH #391 118 3582.872

UGt 086 51 20344293

uGa «948 169 6734.558 297
UHH 345 103 40234630

UHL <102 63 1956 ,000

UKD . 921 163 6787.605 145
MBQ «026 66 485,621

UIH 171 41 5023.386

UIL 043 21 2499.666

ulce .019 62 368,838

UJH 167 40 5014.324

UL <046 : 23 2412.912

uJc 027 64 508.187

UKH . 143 35 4931 4425

UKL +040 19 2558.578

UKQ 013 54 309.277

LLH «197 48 4944 ,250

ULt «350 24 2548.416

uLc 018 12 307.694

UMH «195 47 4988.273

UML 059 29 2474.275

LMG .019 T6 300,355

UNH .188 45 5038.843
- UNL 054 27 24132,444

UNC 019 T2 331.%230

UOH .213 52 4516.730

uCL «050 23 2609.695

Lo 020 75 328,773

uPH +314 378 597,751

uet 635 382 20064581

UPQ .102 159 162.379

MCQ 14023 85 334.529

LoD 977 3212 365.308 459
Ler . 064 38 2025 4447

uatL 071 34 2529.029

uQa 958 70 16437.511 5l4
URH 076 46 1986.021

URL <072 36 24144222

URC «964 30 14467,074 466

USH « Q45 27 2044.407
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usSL . US98 48 2463.916

usg 952 T4 15449.023 457
LOGIC SWITCH - SET (ON) STATUS
SWITCH NR NR NR NR NR NR NR NR NR NR NR NR NR NR NR
MAR MAE MAF VAl usl ucl 1231 JEI UFI UGI UHI MBR MBE 19 MCR MCE

MDR - MDE MOB MDF ual URI ust
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STORAGE
1PS

CAPACITY

3180

AV ERAGE
CONTENTS
63,957

AVERAGE
UTILIZATION
168

ENTRIES
1722

AVERAGE
T IME/TRAN
44569.457

CURRENT
CONTENTS
63

MAX T MUM
CONTENTS
131

BET



QUEUE MA XTMUM AVERAGE TOT AL LERD PERCENT AVERAGE $AVERAGE TABLE CURRENT

CONTENTS CONTENTS ENTRIES ENTRIES ZERDS TIME/TRANS TIME/TRANS NUMBER CONTENTS
LCRL 49 40 .447 635 .0 76435,312 76435,312 37
MAW €3 8.797 649 0 16266,601 162¢6.601 13
UAQ 9 5.849 139 .0 50496, 644 50496 +644 7
V2.¥) 3 2,000 28 o0 85753, 812 85753, 812 Z
uBw 8 56454 155 «0 42227.972 42227.972 g
uiB 3 24004 39 .0 61666.714 616664714 2
ucQ 8 5.195 143 <0 43593,031 43598, 031 7
ucse 3 2.9004 35 .0 68726 .250 68726.250 3
uoe 10 64370 143 XY 534604320 53460.320 S
ubs 3 24006 55 0 43781.835 43781.835 2
UEQ 9 6.367 165 «0 46312,277 46312.277 8
UEB 3 2,300 39 .0 61543,921 61543, 921 2
UFQ 7 5.180 149 0 41724.,132 41724.132 &
UFB 3 24002 45 »0 53407.308 53407.308 2
uGQ 10 6.122 174 .0 422284992 42228.992 6
LGB 4 249086 53 «0 45424.808 45424,808 2
UbQ 8 5,045 169 «0 35829.000 35829.000 7
UHB 4 2,016 64 .0 37813,328 37813.328 2
MBGQ 2 027 66 .0 503 .802 503.802
ulQ 5 2.251 64 «0 42219,218 42215.218 2
urs 3 2.003 23 .0 104515.250 104515, 250 2
udQ 5 24269 66 .0 41261 .589 41261.589 2
uds 4 24007 25 .0 96338. 187 56338.187 2
UKQ 5 2.211 56 »0 47394.945 473G4,945 2
UKB 3 2,000 21 »0 114297.562 114297.562 2
uLQ 5 20300 T4 : .0 37302.160 37302.160 2
uLs 3 2.003 26 «0 92469.562 924€94562 2
UMQ 5 2.296 78 .0 35325,035 35325.035 2
umMg 3 2.001 31 .0 TT7471.437 T7471.437 2
UNQ 5 2.283 T4 o0 37033.984 37033.984 2
UNE 4 2.009 28 .0 86132.750 86132.750 2
ugQ 5 2,320 17 .0 361704367 361704 347 2
uos 3 2.000 25 «0 96006 .312 96006.,312 2
UPQ 37 8,063 161 .0 12715.593 12715.593 2
upB 32 64483 381 «0 20419.191 24419,191 2
MCQ 2 024 85 .0 351.646 351 .646
oG 72 52.088 3270 0 19115, 007 19115.007 59
uaQ € 44866 T4 «0 749'7.812 78917.812 5
uQs 3 2.002 36 .0 66765.375 66765.375 2
URQ 6 4.890 34 «0 69868. 750 69868, 750 5
URB 3 2.903 37 «0 64991.187 64991.187 2
usa 6 3.948 17 .0 615284441 61528,441 4
Lsa 3 2,093 49 .0 43176.217 49176.917 2
$AOVERAGE TIMZ/TRANS = AVERAGE TIME/TRAMNS EXCLUDING [ERO ENTRIES
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TABLE KEC1

ENTRIES IN TaBLE MEAN ARGUMENT STANDARD DEVIATION SUM 0OF ARGUMENTS

158 12.531 1.933 1980, 000 NON-WEIGHTED

UPPER JB8SEKVED PER CENT CUMULATI VE CUMULATIVE MULTIPLE DEVIATION

LIMIT EREQUENCY aF TOT AL PERCENTAGE K EMAINDER OF MEAN FROM MEAN
Q 9 « 00 ' -0 100.0 =-+300 -6.481
1 «00 «0 100.0 « 079 -5.963
2 J «0u o3 103.0 «159 -5.445
3 0 « 00 .0 100.0 239 -4.929
4 Q .00 .0 100.0C <319 -4.,412
5 0 «00 0 100.0 «398 -3.895
[ 0 « 00 .0 100.0 478 ~3.377
7 0 <00 .0 100.¢C «558 -2.860
8 U .00 -0 100.0 638 ~2.343
9 15 G.49 9.4 90.5 718 -1.826
10 16 10.12 19.6 80.2 « 797 ~1.309
11 16 10.12 29,7 70.2 877 -.792
12 24 15.18 4449 55.0 «957 =274
12 28 17.72 . 6246 37.72 1. 037 242
14 28 17.72 83,3 19.6 1.117 +«759
15 31 19.62 100.0 «0 1.196 1.2756

REMAINING FREQUENCTIES ARE ALL ZERO

oN®T



TABLE REC2

ENTRIES IN TABLE MEAN ARGUMENT
354 5.158
UPPER O3SERVED PER CFENT
LIMIT FREWUENCY QF TOTAL
0 Q « 00
1 39 11.01
2 45 2.7
3 38 10.73
4 4J 11.29
5 33 11.01
6 432 11.29
7 41 I1.58
8 49 11.25
9 S 1.41
10 7 1.97
11 4 1.12
12 3 -3
13 2 56
14 5 leal
15 £ 1.69

REMAINING FREQUENCIES ARE ELL 2ERC

STANDARD OEVIATION

CUMULATIVE
PERCENTAGF
D

11.0

23.7

34,4

45.7

56.7

68,0

79 o6

90.9

92.3

94,3

95. 4

96,3

9648

9843

100.0

3.125

CUMULATIVE
REMAINDER
100.0

8B8. S

7642

65.5

5442

43,2

31.9

20.3

SUM OF A

MUL
JF

RGUMENTS
1826.000

TIPLE
MEAN
-+.000
«193
.387
581
« 175
969 -
1.163
1. 357
1.550
le 744
1.938
2.132
20326
2.520
2.714
2.907

NON-WZ [GHTED

DEVIATION
FROM MEAN
-1.650
-1.330
-1.010
-«690
=+370
-.050
269

<589

«909%
1.229

1. 549
1.869
2.189
24509
2.829
34149

THT



APPENDIX B

SOURCE LISTING AND COMPUTER OUTPUT FOR

SECOND MODEL SIMULATION
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REALLUCATE
REALLNCAT®
REALLLCATE

EES) GPSS/ 360 /0SS VI RSIT ON 1
wxk 18 PROGRAM NUMBER 360A-CS-17X (VIM4) #H=x%
XACy 120093074 12009FACs 1009 ST 91y JUE 100,105,190

TABeG g FUNy 12 VAR, TE,FSV, 5,45V 5,CHA 30,6RP+14BVL, 10
FMSyY 445,73 CO% T50JY

&

[PUN S
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BLCCK
NymMBl K

CARD

FLOC SPESATION  Asls+CoDygEsFel COMMENT S NUMBER
SIMyLATE 4

ULSTY STARTAACRO 5
#D TEST £ Pl,1,#A 6
TEST E P 3, HG 4B 7

TEST L #E, H1,HB 8

QUE UE B 9

SPLIT 1 #A 10

TEST € P2yl #C 11

SE1ZE #A 12

40 VARTABLE  #J 13
ADV ANCE Bty 4E 14

LEAVE 1Ps 15
ASSIGN 2,0 16
DEPART 4C 17
RELEZASC #A 18
ENOMACRD 19

ULST2 STARTMACRO 20
TRANSFEF  ,#3 21

TEST  GE  HC, KH, #A 22
ASSIGN 3 ,4E 23
TRANSEER 443 24

#A QUEYE 4n 25
DEPART HA 26
TOANSFER 48 : 27

LINK #A, FIFO, #F : 28

4F TSST 6 BCytH 29
SEIZE #8 30

#8 - VARIABLE  #1 n
ATVANCE 4G,4#D 32

ENT ER 1Ps 33
ASSIGN 2,1 34
RCLEASE 48 15

UNL THK #A, #F,1 36
ENDMACRD 37

ULST3 STARTMACRO 18
ASS TGN 3y #H 39

4 SETZE #C 49
LOGIC S 43 41

GATE LR #8 42
RELEASE #C 43
T2ANSFZR L 4C 44

#D ASS TGN 1,0 45
ASSIGN 240 46
ASSIGN 3,0 47

GATE Lk nl, 4= 42
TEANSFER  4#C 49

#c LAGIC R #5 50
TERMINAT & 51

#e VARTABLE  #1 52
#C ADVANCE 4F s3
ENDMAC RO - 54

NORM  FUNCTION 01,031 55
01-5¢37/4000221-3,50/400058+-3225/:00135,-3,00/400300,-2, 75/ 56
e 0062032450/ e01220Us=2425/2022804=2400/474010,-1,75/,06680,~1.50/ 57

i



2105704-1425/ 4158709~1400/4226604-0,75/430850,-0.50/+40130,~0.25/ 58

«5000040.00/45987040.25/+69150,43.50/77340,0.75/.84130,1.00/ 59
e89640,1.25/.93320+1450/.9599041. 75/.9773092.00/,9878042.25/ 60
¢9938092.50/499700+92475/+49986593¢00/+99942¢3.25/499977,43.50/1.0,5,00 61

DLCP FUNCTION RNL,D2 62
«7051/1.042 63

REC1 TABLE P350s1,45 64

INITIAL X1,1200 65

INIT IAL X3, 10 66

1PS STORAGE 1200 67

1 VARIABLE 500/x3 68

1 GENERATE Vi 9sX1y,3 69
2 QUEUE CARS 70
3 SEIZE CAR 71
& GATE LS 20 72
5 LOGIC R 20 73
] DEPART CARS T4
7 RELEASE CAR 75
8 TERM TERMINATE 76
9 GENERATE Vipsse1e3 77
10 GATE LR 19, TERM 78
11 TRANSFER +BEGN 79
12 NTR LOGIC S 19 80
13 BEGN TEST E P1,0,5KIP 81
14 TEST G Q$CARS, 0y SKIP 82
15 TEST LE Q8L CR1,35,8YPS 83
16 LOGIC S 20 ) 84
17 ASSIGN 1.1 85
18 SKIP TRANSFER 2LST1 , 8%
.19 BYPS™ LOGIC S 20 87
20 SPLIT 1,LHOL1 a8
21 ASSIGN 1,1 89
22 ASSIGN 3,0 90
23 TRANSFER 1LSZ1 91
24 LST1 TEST. E Plyl,LHK] 92
25 SPLIT 1,LEC] 93
26 LHO1 ASSIGN 1.0 94
27 ASSIGN 240 95
28 ASSIGN 3,0 96
29 LHK1 GATE LR 3,L TH1 97
30 TRANSFFR 2 LSOL 98
.3 LEC1 QUEUE LCR1 99
32, LINK LCH,FIFO,LFAL 100
33 LFAl SEIZE LCR1 101
34 DEPART LCR1 102
35 TEST E P2,0,LDC1 103
36 ENTER 1PS 104
LVB1 VARIABLE FNSNORM®10 105

37 ADVANCE 40,V sLVBl 106
38 ASSIGM 2,1 107
39 ASSIGN 3,FNSDLCP . 108
40 LDC1 RELUFASE LCR1 109
41 UNLINK LCH 4 LFAL,1 110
42 LSZ1 SFIZE LCH1 111
43 LOGIC S 3 112
44 GATE LR 3 113

45 RELEASE LCH1 114
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46
48
49

50
51
52
53
54
55
56

57
58
5¢
60
61

62
63
64
65
66
67
68
69
70
T

72
73
T4
75
T6

77
78
75
80

-8l
82
83
84
85
86
87
88
89

90

LTHL
Lavi
Lsd

ULSTl
UAD

uLsT2

UAF

UAE

uLsT3

UAE

UAH

UAH
UAB
ULsST1
UBD

TR ANSFER
LOGIC R
TFRMINATE
VARIABLE
ADVANCE
MACRO
TEST
TEST
TFST
QUEUE
SPLIT
TEST €
SEIZE
VARTABLE
AD VANCE
LEAVE
ASSIGN
DEPART
RELFASE
MA CRO
TRANSFER
TEST  GF
ASSIGN

TS ANSFER
QUEUE

DE PART

TR ANSFER
LINK

TEST 6
SEIZE
VARIABLE
AD VANCE
ENTER
ASSIGN
RELEASE
UNL INK
MACKQ
ASSIGN
SEIZE
LOGIC S
GATE LP
REL-ASE
TRANSFER
ASSIGN
ASSIGN
ASSIGN
SETC LK
TRANSFER
LOGIC R
TCRMINATE
VARIARLE
ADVANCF
MACRD
TEST
787
TFST
QUEUE

~ nm

r~omm

L30T
3

(360%1000} /X3
VL AVY

UAA ,UAB,UAC ,UAD,QSUADVSUAD,1 53,2, FNSNORM®10
P 1y 1,UAA
P3,1,UAB
Q$UAD,2UAB
UAD

1,UAA
P2+1,UAC

UAA
FNSNORM®10
60, V$ UAD

IS

240

UAD

UAA

UAC yUAE yCHSUAC,VSUAE,0,UAF,0,0,0
» UAE
CHSUAC,0,UAC
340

» UAE

U AC

UAC

v UAE

UAC, FIFQ,UAF
CH$ UAC,0

UAE

0 .
0y ¥S$ VAE

Ies

241

UAE
UAC,UAF,1
UAE yUAGyUABUAA,UAH,V $JAH,JADy O, (120%1000)/X3
3,0

UAB

UAG

UAS

U Ag

yUAH

1,2

240

340

UAG yUAH

sUAS

UAG

(120%100031/7X3

VHUAH

UBAy UBB y UBC yUBD yQ $UBD y VSUBD 42,140,2 ,F NSNORM*20
Plyl,uta

P2y2,UB8

QUBDy 2y UBB

Ues

115
116
117
118
119
120
120
120
120
120
120
120
120
120
120
120
120
120
120
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
123
123
122
123
123

ont



95
96
97

98
99
100
101
102

103
104
105
106
107
108
109
110
111
112

113
114
115
115
117

118
119

120

121
122
123
124
125
126
127
128
125
130

131
132
133
134
135
136

SPLIY
TeEST ¢
SCIZE
uso VARIABLE
ADVANCE
LEAVE
ASSIGN
DEPART
RELEASE
ULST2 MACRO
TRANSFER
TEST GE
ASSIGN
TRANSFER
UB_C QUEUE
DEPART
TRANSFER
LINK
UBF TEST G
SEIZE
UBE VARTABLE
ADVANCE
ENTER
ASSIGN
RELEASE
UNL INK
ULST3 MACRO
ASSIGN
UBE SEIZE
TLaGIC S
GATE LR
RELEASE
TRANSFER
UBA ASSIGN
ASSIGN
ASSIGN
GATE LR
TRANSFER
UBH LGGIC R

TERMINATE

uBH VARIABLE

use ADVANCE
TEST F
TABULATE

TRA TRANSEER
GENERATE

TERMINATE

STARY
RESET
START
ENQ

1,UBA
P2,1,4UBC

uBa

FNSNORM %20
140,V$UBdD
1PS

2,40

UBD

UBA
UBC,UBE,CHSUBC,VSUBE,O,UBF,0,0,0
+UBE
CHsuBC,0,UBC
+UBE

V]9

usC

+ BBE
UBC,FIFO,UBF
CH$ UBC,0

uBg

0

0,v$UBE

1PS

241

UBE
UBCyUBF, 1

UBE,UBGyUBB,UBA,UBH,VSUBH,JBD+0,( 120510001 /X3

3,0
UBB
uBG
UBG
uBs
+UBB
1,0
240
3,0
uBG ,UBH
sUBB
uBsG

(120%10001/X3
vsUuBH
P2y 14 TRA

REC1

1 NTR

60000

1

1

81942

123
123
123
123
123
123
123
123
123
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
126
127
128
129
130
131
132
133
134

InT



THIS IS SN&P 4 Of 4

RELATIVE CLCCK 480000 ABSOLUTE CLOCK 540000
BLGCK COUNTS
BLCCK CURRENT TOT AL BLOCK CURRENT TaTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CJURRENT TITAL
1 0 1 11 0 [¢] 21 0 0 31 0 9552 41 2 9552
2 0 1 12 0 9600 22 0 0 32 0 3552 42 0 9552
3 0 1 13 0 9600 23 0 0 33 0 9552 43 1 9552
4 0 1 14 0 49 24 0 9600 34 0 9552 44 [ 9552
5 0 1 15 0 1 25 0 19104 35 0 9552 45 0 9562
6 0 1 16 0 1 26 0 9552 36 0 8808 46 0 9552
7 0 1 17 0 1 27 0 9552 37 1 8808 47 0 9552
8 0 9601 18 0 5600 28 0 9552 38 0 8808 48 0 9552
9 0 9600 19 0 0 29 0 9600 39 0 8808 49 720 9500
10 [ 9600 20 0 1) 30 0 48 40 0 9552 50 [¢] 9600
BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL BLOCK CYRRENT TaT2L BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL
51 [ 9554 61 0 6233 71 [¢] 0 81 0 6238 91 Q 9600
52 0 6431 62 [¢] 6223 72 0 0 82 0 6238 92 0 9558
53 0 6238 63 0 0 T3 0 0 83 0 6284 93 0 3134
54 -0 12476 64 [¢] Q T4 0 0 84 Q 6284 94 0 2573
55 0 6238 65 0 0 5 -0 0 a5 1] 6284 95 0 5146
56 0 6238 66 0 0 76 ] 0 86 0 6284 96 0 2573
57 1 6238 67 0 [¢] 77 0 0 8T o &6 97 0 2573
58 0 6238 . 68 0 Q 78’ 0 6238 88 [ 6238 98 1 2573
59 0 6238 69 0 0 79 1 6238 89 0 6238 99 0 2573
60 0 6238 10 0 ' 0 80 0 6238 90 240 9600 100 0 2573
BLOCK CURRENT TOTAL BLOCK CURRENT TOT AL BLOCK CJRRENT TOTAL BLOCK CURRENT TOTAL BLOCK CURRENT TOTAL
101 0 2573 111 0 0 121 0 2573 131 240 5500
102 0 2573 112 0 0 122 0 2573 132 0 9500
103 g 2573 113 o] 3 123 0 2573 133 0 T4 4
104 0 0 114 0 0 124 4] 2618 134 0 9600
105 0 0 115 [¢] 0 125 0 2518 135 ] 8
106 0 0 116 0 B 126 0 25618 136 0 8
107 0 0 117 0 Q 127 0 2618
108 0 0 11z 0 o] 128 0 45
109 0 0 119 0 2573 129 0 2573
110 'o- [¢] 120 1 2573 130 Q 2573
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FACILITY

CAR
LCRL
LCHL

UAA

UAB

uBaA

uss

AVERAGE
UTILIZATION

«000
733
862
«778
. 781
« 150
«T1l4

NUMBER
ENTRIES
1

9553
9553
6239
6239
2574
2574

AVERAGE

TIME/TRAN
50.000
36.860
43,315
59.907
60.146
139,898
133,166

SE IZING PREEMPTING
TRANS., NO. TRANS. NO.

1138
1132
393
415
1131
158

64T



STCRAGE

1Ps

CAPACITY

1200

AV ERAGE
CONTENTS
822.048

AVERAGE
UTILIZATION
685

ENTRIES

9629

AVERAGE
TIME/TRAN
40978 .644

CURRENT
CONTENTS
8ls

MAX TMUM
CONTENTS
846

04T



TABLE RECL

ENTRIES InN TA3LF MEAN ARGUMENT
764 le 740

UPPER OBSERVED PER CENT

LIMLT FREQUENCY OF TQaTAL

0 92 )

1 193 25.94

551 T4, 05

2
REMAINING FREQUENCIFES ARE ALL LERD

STANDARD DFVIATION

CUMULATIVE
PERCENTAGE
0

25 .q

100.0

«438

CJMULATIVE
REMAINDER
100.0

T4.0

.Q

SUM OF

1265.000

MULTIPLE
OF MEAN
-. 000

.5 74
1149

AIGUMENTS

NIN-WEIGHTED

NEVIATION
FROM 9KEAN
~31.969
~1.689
«591

T6T
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