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ABSTRACT

This research deals with the development of a
microcomputer—-based simulation model of a Flexible
Manufacturing System (FMS) using the general purpose
simulation language SLAM (Simulation Language for
Alternative Modeling). The FMS under consideration is
composed of general purpose machining centers laid out in
separate lanes, a loading and an unloading station, a
central parts storage to store the raw materials and
work—in—-process parts, and automated material handling
systems.

The simulation model which is adaptive to
variations in the layout, serves as a decision tool to
select a scheduling rule from amongst the five rules,
namely, Random selection (RANDOM), Fewest Operations
Remaining (FOPR), Most Operations Remaining (MOPR),
Shortest Processing Time (SPT) and Longest Processing Time
(LPT). The model includes realistic aspects such as,
alternate routing for certain operations, treatment of
fixtures as resources, and part types with priorities.
The simulation model is user—interactive and does not
require a prior working knowledge of SLAM.

Standard statistical techniques are used to

select a scheduling rule from the five rules under
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consideration. An experimental design setup is used to

aid the study of the effects of the different resources on

the system performance. These procedures are illustrated

through examples.

- vii -
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CHAPTER I
INTRODUCTION

The fact that approximately 757 of the dollar
volume of all metal-worked products are manufactured in
lot sizes of less than fifty pieces each (Cook, 1975),
Spurred intensive research to develop a manufacturing
5Y5fem capable of producing mid-sized batches of a wide
variety of parts efficiently. One important outcome of
this research was the development of Flexible
Hanufacturing Systems (FMS) — systems capable of
manufacturing mid-sized batches of a wide variety of parts
with the efficiency of automated mass production systems
and the flexibility of job shop systems. Referring to
Fig.1, it can be seen that flexible manufacturing systems
fit in between these two categories of manufacturing
Systems.

Rapid technological advances in the areas of
Numerically controlled machine tools (NC), automated

Material handling systems (MHS) and computer
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communications have made flexible manufacturing systems
possible. The high efficiency and productivity desired
from such systems cannot be achieved, solely, by
installing these highly sophisticated and expensive
hardware. Due considerations should be given to the
Operational aspects, i.e., the software aspects, of these
systems. This is essentially a complex managerial
decision problem and at present is a major area of focus
of researchers in the field of applied Operations
Research.

This research deals with the development of a
microcomputer—based simulation model of an FMS which can
be used to address the operating problems. A brief
introduction to the types of flexible manufacturing
sSystems and the components that constitute an FMS is given
in Chapter 2. The configuration of the FMS that has been
considered for the development of the simulation model is
also described in Chapter 2. In Chapter 3, the various
Praoblems posed by these systems and the modeling
techniques that have been used in the past to address
these problems are discussed. The objectives of this
research are also presented in this chapter. The mode of
Operation of the FMS and the development of the simulation
Model on a microcomputer using SLAM (Simulation Language
for Alternative Modeling) are discussed in Chapter 4. In

Chapter 5, the application of the model to analyse
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problems is illustrated through the use of three examples.
The statistical technique for selecting a scheduling rule
(policy) and the experimental design setup used to aid the
study of the effects of important resources on the system
performance are presented in the same chapter. Chapter 6
summarises the work done and provides some directions for

further work that could be done to enhance the features of

the model.
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CHAPTER 11

FLEXIBLE MANUFACTURING SYSTEMS

2:1 Definition and types of FMS

A flexible manufacturing system is described as
"an automated batéh manufacturing system that consists of
4 set of numerically controlled machine tools which are
Connected by automated material handling systems, all
under the control of a central computer" (Groover
Zimmers, 1984).

Flexible manufacturing systems are broadly
Classified into two types (Browne & Rathmill, 1983),
Namely:

(i) Dedicated systems that are capable of processing a
limited variety of parts in medium-sized batches;
(ii) Random systems that are capable of processing a

larger variety of parts in small-sized batches.
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2.2 Components of an FMS

An FMS consists of several components that
interact with one another to achieve the goal of producing
medium-sized or small-sized batches of a limited or larger
variety of parts. The major components that constitute an
FMS are:

(i) Numerically controlled machines

(ii) Automated material handling systems

(iii) Fixtures and pallets

(iv) Control computer(s).
Numerically controlled machines form the nucleus around
which the whole system is built. These machines are
Capable of machining both rotational and non-rotational
(prismatic) parts. More than 707 of the existing systems
machine prismatic parts, while approximately 27% machine
rotational parts and a few of them machine both types of
Parts (Bilalis & Manalis, 1985). These machines are
equipped with servamotors that control the movement of the
Machine spindle and work table. Manual or programmed
methaods are used to generate electrical pulses from
®lectronic controllers and these pulses in turn actuate
the servomotors. Tool magazines that are capable of
holding 100 to 150 cutting tools, e.g., drills, boring
t°°15, reamers, milling cutters, taps, etc., are provided

On these machines. An automatic tool interchanger
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interfaces the machine spindle and the tool magazine.

This device can interchange two cutting tools kithin a few
seconds. Hence, as long as the required tool is in the
toaol magazine, the setup time required for interchanging
the tools in between successive, but different processes
is negligible. The introduction of a new part to be
machined calls for a different set of cutting tools which
can be set up quickly, thereby resulting in reduced setup
times. This is not the case in conventional manufacturing
Systems.

Autaomated material handling systems are broadly
Classified as primary systems, e.g., tow carts, automatic
guided vehicles (AGV’s) and conveyorsg and secondary
Systems,'e.g., shuttles. The primary systems ttansport
the parts between the various stations, and the secondary
Systems transport the parts between the primary systems
and the stations. The secondary systems also serve as
Storage areas for the parts at the machines, before and
after machining, and are known as the input buffer and the
output buffer, respectively. The purpose of the input
buffer is to keep the machine busy, so that as soon as a
Part has been processed, the next part to be processed on
the machine would be waiting in the input buffer. The
Part that has completed an operation on the machine is
transferred to the output buffer where it waits for the

i d
Unloading AGY. This essentially prevents the machine
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Part from waiting on the machine table, which would
otherwise result in the machine remaining idle.

Fixtures are used to hold parts in a particular
orientation to allow proper machining. A particular part
type may require one or more fixture types. Furthermore,
4 part may be reaoriented in the same fixture type for a
different operation to be performed. In general, the part
is clamped on to a fixture which is then bolted to a
Pallet. The whole unit is then mounted on a loading AGV
which transports it to the appropriate machine. All the
Pallets used in a particular system are identicql
(Hartley, 1984). Thus, irrespective of the part type or
the fixture type, any pallet can be loaded on to any AGV
or machine table.

The coordination of all the gctivities of an FMS
is under the control of a central computer or a group of
Computers, In situations where a group of computers are
utilized, the computers are segregated into a hierarchy
with praper communication links established between the
different levels in the hierarchy. Some of the important
functions performed by the computers include:

= production control

—~ traffic control

= loading part programs
= toal control

system performance monitoring and reporting.
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Most systems are provided with a central parts
storage area to store raw material and work—in—-process
Parts. The capacity of this storage place is quite large
and vertical space is made use of to compensate for
restrictions in the floor space. Cutting tools are stored
in a tool crib (central tool storage) and are sent to the
appropriate machines as and when required. Loading
stations, where the parts are clamped on to the fixtures
and pallets, and unloading stations, where the parts are
dismantled from the fixtures and pallets, form an integral

Part of any FMS.
+3 figurati th r FMs

From the basic description of an FMS given in
Section 2.2, it is possible to have several manufacturing
facilities referred to as *FMS’. Therefore, it is
important to define the configuration of the FMS assumed
for the development of the simulation model.

Referring to Fig.2, it can be seen that the FMS
Consists of L’ lanes (k=1,2;.....3L), e®ach lane
Containing a certain number of machines. Thus, there are
Ni machines in Lane 1, N» machines in Lane 2, Ny
Machines in Lane k, and so on. The total number of
Machines, M, in the entire system is given by,

"=N1+N2+.--.¢ +Nk+.---- +NL
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These M machines are general purpose Horizontal
Machining Centers (HMC) or Vertical Machining Centers
(VMC). In spite of their versatility, it is not always
POossible for these machines to perform all the operations,
Partly due to the technological constraints, for example,
the size of the machine table, the accuracy of the
machine, etc., and partly due to the type of operation
itself, for example, a vertical machining center is more
Suitable for drilling or reaming operations than the
horizontal machining center.

A central parts storage that stores raw materials
as well as the work—in—process parts forms a part of the
System. To compensate for restrictions in floor space a
vertical storage racking system is assumed. Such a
Centralised storage system is referred to as an Automatic
Storage and Retrieval System (AS/RS) and provides greater
flexibility in terms of scheduling the parts into the
System based on the different rules (Ranky, 1986).

Each machine in the system is provided with an
input buffer and an output buffer, each having the
Capacity to hold one pallet. The parts that are selected
to be processed are transported from the central parts
Storage to the loading station by means of a suitable
material handling system, usually a crane or a fork-lift
truck. at the loading station they are clamped on to the

APpropriate fixture and then bolted to the pallet. The
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whole unit is then mounted on a loading AGV and
transported to the respective machine. The parts that
have completed an operation enter the unloading station
where the entire unit consisting of the part, fixture,
Pallet and the unloading AGV is dismantled. A crane or a
fork—-1ift truck transports the part from the unloading
Station to the central parts storage. The loading and
unloading stations are manned. Hence, the assembling and
dismantling operations are done by human operators.
Transportation of the parts from the locading
Station to the machines is done by one or more loading
AGV’s, while transportation of the parts from the machines
to the unloading station is done by one or more unloading
AGBV’*s. Each lane is provided with a loading and unloading
track on which the AGV’s travel. The movement of the
AGV’s is controlled by the computer on a real time basis.
The loading and the unloading track are laid out
i"dependently (Fig.2) and only one loading or unloading
AGV is allowed to move on their respective tracks. This
is done to prevent collisions and traffic congestions. A
terminal at the loading station and another one at the
Unloading station provide information regarding the status
of the loading or the unloading tracks. The loading and
the unloading AGV’s are not dispatched until the track on

Which they are to travel is clear.

The cutting tools are stored in the tool crib. A
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Suitable material handling system, such as an overhead
tool conveyor that does not interfere with the AGV’s
movements, transports the tools from the tool crib to the.
machines whenever a request for cutting tools is made. It
is assumed that the requested cutting tools are always
available at the tool crib.

The algorithm used to select the parts from the
Central parts storage and the algorithm that describes the
flow of a part in the system are discussed respectively,
in Section 4.1.1 and Section 4.2.2. The microcomputer—
based simulation model was developed for the multi-lane

type of FMS (Fig.2).
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CHAPTER 111
LITERATURE REVIEW
S:1_FMS problems

Flexible manufacturing systems are highly complex
and dynamic in nature and hence pose a number of broblems
related to their design and operation. Stecke (1984) has
identified problems which are frequently encountered once
@ decision to install an FMS has been taken. These
Prablems are classified into four categories, namely:

(i) FMS design problems
(ii) FMS planning problems
(iii) FMsg scheduling problems
(iv) FMS control problems
The first, second and fourth type of problems are often
Feferred to as *static’ problems — the word static meaning
one time allocation of the various resources; while the

thirg type of problem is referred to as a “dynamic’

Prablem.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



{i) FMS design problems
The FMS design problems are mainly concerned with
the selection of the proper hardware. They include:
—selection of machines and equipment;
—determination of the various part types to be

manufactureds;

—determination of the layout of the machines,
e*quipment, etc.

{ii) FMS planning problems

These involve certain decisons that are taken
befaore the parts are loaded into the FMS for processing.

They include:

—selection of a set of part types for immediate
Processing;

—the proportion at which the selected part types
Would be simul taneously processed in the FMS (part mix

determination);

—the allocation of specific operations and tools

to specific machines.

{iii) FMs scheduling problems

Scheduling is the allocation of Jjobs to be
Processed on specfic machines and is classified as:

(a) Off-line scheduling — Using this approach a
®Cheduling algorithm is applied at the beginning of the

Scheduling period, to result in a complete schedule for

that period.
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(b) On—line scheduling (dynamic scheduling) -
Using this approach the decision concerning the part to be
Processed next on a particular machine is made in real
time at the termination of the operation currently being
Performed on that machine.
The FMS on-line scheduling problems are encountered when
the system is operating and they include:

—determination of the next part to be processed
Oon a machines

—-determination of alternate routing for a part.
{iv) FMS control problems

These are problems that arise with respect to
keeping a constant check on the performance and quality
sStandards of the machines. They include:

—design of preventive maintenance schedules for
the machines and equipment;

—~development of automatic inspection systems for

Parts and tools.
S:2 FMS models

A comprehensive review of the various techniques
USed to model flexible manufacturing systems have been

Provided by Wilhelm and Sarin (1983). These techniques
are:

(i) Queueing network (analytical modeling)
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(ii) Mathematical programming
(iii) Simulation.

Glueueing network models have been based on the
Fesearch initiated by Jackson (1957), in which network
Models were decomposed and analysed as a set of
independent service stations. Based on the queueing
Network models of Baskett, et al. (1975) and the computer
algorithms of Buzen (1973), Solberg (1977) developed a
Computer program (CAN-@) to model an FMS. Buzacott and
Shantikumar (1980) extended this methodology to study the
Part selection problem and evaluate alternative plans for
Work—in-process inventory. These network models, which
Provide the researchers with average performance measures
of the system, have been applied mainly to solve the
Planninq praoblems of an FMS. Realistic modeling of an FMS
Using this approach is severely restricted because the
existing models fail to incorporate the various realistic
features of an FMS such as, limited buffer capacities at
the workstations, complex server disciplines, etc.

Mathematical programming techniques, e.g.,
i"tegﬂr programming, have been applied in certain static
decigion models. A set of 0-1 integer programming
formulations were developed to evaluate the loading
aspects of an FMS (Stecke, 1981). Kusiak (1983) proposed
a2 few integer programming formulations of the loading

Aroblems. an optimization approach to determine the
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optimal part routing policy for an FMS has been proposed
by Kimemia & Gershwin (1985). Shanker and Tzen (1985)
developed a mathematical model to study the loading and
dispatching problems of a randomly generated FMS.
Solutions from this mathematical model were used as inputs
to a simulation model.

Though mathematical programming techniques are
attractive in terms of their application to solve static
Praoblems of small and medium size, their application to
large sized problems is restricted. This is due to the
large formulations that are difficult to solve with the
®xisting IP algorithms and packages. Moreover, certain
Constraints that are characteristic of an FMS (for
example, tooling constraints) are difficult to consider
due to the complexity involved in the formulations.

Simulation models have had the widest scope of
4Pplication, partly due to the paucity of other types of
Models, and partly due to their ability to incorporate
the realistic features of an FMS. Simulation is more
Suited for investigating the operational aspects of these
Compl ex manufacturing systems (Law, 19846). Stecke and
Solberg (1981) explored alternative loading and scheduling
Strategies for the system installed at the Caterpillar
Trictor Company. Due to the complexity of the various
System aspects, analytical treatment was not viable and

Simulation was resorted to. OFf the sixteen priority rules
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that were investigated, the weighted shortest processing
time was found to produce the best results for this system
in terms of the number of completed parts. Though the
results from this study cannot be extrapolated to other
Systems that have different configurations and process
different part types, it demonstrated the usefulness of
Simulation in evaluating different scheduling strategies.
ElMaraghy (1982) developed a special simulator called
FMSSIM (Flexible Manufacturing Simulator) to analyse
flexible manufacturing systems during their design phase.
The simulation model was made flexible enough to permit
Variations in the quantities of the various resoufces used
by the system. The model served as a decision tool in
deciding the quantities of the different resources for
various systems processing different part types.

Parallel to the mathematical modeling of the FMS
installed at the SCAMP Systems Ltd, Rathmill, et al.
(1983) developed a simulation model to provide a detailed
i"Vestigation of the material handling, conveying and
OvVerall workflow aspects of the system. Acree (1983)
Studied various part, tool, and cart scheduling rules for
2 System that was installed by the military. One of the
important findings of this study was the superiority of
Individual tool allocation to the machines as and when
they are needed, as opposed to total tool allocation.

Thig study was system specific and since it was done for
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the military, very little information has been made
available to the public.
Carrie, et al. (1984) used a simulation model to
Analyse the sensitivity of system performance to
Variations in part mix, operation times and facility
reliability for the system installed at Anderson
Strathclyde, Scotland. Wortman and Miner (1984) developed
"AP/1, a simulator specifically designed for modeling
discrete manufacturing systems. Using this simulator they
®valuated an FMS design in which the variables analysed
Were the number of dedicated and flexible machines and the
Number of fixtures and carts. Another application of the
MAP/1 simulator was in deciding the number of fixtures for
@ machine tool manufacturer. Chang, et al. (1984) used
] the general purpose simulation language, SLAM (Pritsker,
1984): to design the material handling system of an FMS.
This study demonstrated the flexibility of SLAM as
Compared to that of G@-GERT (Pritsker, 1977) or BGPSS
(Schriber, 1974), in terms of the modeling and output
fnalysis.

Since an FMS consists machines which are flexible
®Nough to perform a wide variety of operations, certain
OPeratjons on certain part types could be processed by
diffﬂrent machines. This gives rise to the concept of
Alternate routings. However, this inherent feature of an

FMS, has not been treated by the simulation models
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Appearing in the literature.

The efficient operation of an FMS is dependent,
to a certain extent, on the availability of the various
Fesources like pallets, carts, human operators, etc.
Though a major portion of the work carried out so far has
dealt with the issue of deciding the number of pallets or
Carts and the allocation of these resources to different
Parts, there has been no report of any work that has
Considered the fixtures as a constraining resource. With a
Considerable increase in the number of random systems,
which machine a larger variety of parts as compared to
dedicated systems, the use of standardised pallets to hold
the Parts in proper orientation for the machining to be
Performed isg extremely difficult. This has led to the
dEVEImeent of fixtures to interface the part and the
Pallet, These fixtures are expensive due to the precision
“achining involved and are available in limited
qUantities. Even with a considerable increase in the use
of modul ar fixtures, which are assembled from standard
COmponents (Drake, 1984), the availability of these
Standarg components result in a limited quantity of the
fixtures. Moreover, a part that has been selected to
enter the system would be prevented from doing sSo unless
the required fixture type is available, in spite of the
availability of the other shared resources like pallets

ANd the AGV’s. Hence, fixtures are important resources
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and should be considered during the development of the
model.

In dedicated flexible manufacturing systems the
variety of parts being processed is small and the batch
Sizes of the various part types are large enough to
maintain a constant number of parts of each type as long
a8 the set of part types remain unchanged. Much research
has been done in the past to formulate models that
determine the proper part mix — the proportion of the
vVarious part types in the system — to be maintained in the
System at all times. The part mix determination pfublem
Controls the scheduling of parts into the system, since a
Part that leaves the system is always replaced by another
One of the same type, to maintain the same proportion.
HO“EVEF, as mentioned earlier, with a considerable
i“Crease in the number of random systems that are capable
of processing a larger variety of parts in smaller batch
Sizes (say, 5 or less), the determination of a suitable
Part miyx is highly inappropriate. Such systems are
Similar to the typical job shop systems in which batch
Sizes of one are not uncommon and the scheduling of parts
into the system has to be based on some criterion. The
Compl ex nature of these systems rule out the possibility
of the development of aff—-line scheduling algorithms to
input partg into the system. Moreover, inclusion of the

rEilistic features, e.g., alternate routings, etc.
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Complicate these off-line algorithms. On-line scheduling,
or dynamic scheduling, which essentially depends on the
sState of the system, is more suited to such systems. The
Complexities involved in the development of the queueing
Network and mathematical models to address the problem of
On-line scheduling along with the consideration of the
Fealistic features such as, alternate routing and the

treatment of fixtures as resources, Jjustify the use of a

Simulation approach.

3:3_Objectives of the researc

This research deals with the development of a
Simulation model of the FMS described in Sec 2.3 which can
be used as a decision tool to select a scheduling rule

from the five rules under consideration.

Five simple priority scheduling rules considered
1n this thesis, based on the part characteristics, are:

(i) Random selection rule (RANDOM)
‘1i) Fewest operations remaining (FOPR) rule
(i1i) Most operations remaining (MOPR) rule

(iv) Shortest processing time (SPT) rule

(V) Longest processing time (LPT) rule
The Simulation model which would incorporate features such
as, alternate routings, treatment of fixtures as resources

and part types with priorities, is to be developed on the
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microcomputer using the general purpose simulation
language, SLAM. The simulation model is to be
user—interactive so that it does not require a prior
working knowledge of SLAM. This front—end interface
between the user and the computer is to provide

fIEXibility in using the model.
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CHAPTER 1V
SIMULATION MODEL OF THE FMS

The development of the simulation model of the
FMS under consideration is discussed in this chapter. The
Operation of the FMS, namely, the part—-machine selection
algorithm and the flow of the part in tﬁe system is
®*plained in Section 4.1.1 and Section 4.1.2,
"e®Spectively. The development of the different computer
Programs which together form the simulation model of the

FMS ig explained in Section 4.2. In Section 4.3 the

tEchniques that were used to verify the model are

Outl ined.

%1 Mode of operation of the FMS

The conversion of a part type from the raw
m .
ateria) state (generally, castings or forgings) to a
fu . .
11y machined product involves a series of processing

st
€PS. These processing steps are generally combined into
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One or more operations. Each operation requires one or
More specific cutting tools. The procedure of combining
these Processing steps into operations is usually done by
an experienced process planner and a certain degree of
Objectivity is involved.

As an example, the development of the operations

Ssheet for the sample prismatic part shown in Fig.3 is

9given below.

Processing steps Cutting tools
1. ROUGH MILL BOTTOM FACE FACE MILLING CUTTER (M1)
2. FINISH MILL BOTTOM FACE FACE MILLING CUTTER (M2)
3. ROUGH MILL TOP FACE FACE MILLING CUTTER (M1)
4. FINISH MILL TOP FACE FACE MILLING CUTTER M2)
S. MILL DOVETAIL SLOT SPECIAL CARBIDE TIPPED

MILLING CUTTER (M3)

6. DRILL CENTER HOLE (10mm) DRILL - 10mm DIA (D1)
7. ENLARGE CENTER HOLE DRILL - 25mm DIA (D2)

to 20mm
8. REAM CENTER HOLE (20mm) REAM — 20mm DIA (R1)
?. ROUGH BORE CENTER HOLE BORING TOOL (B1)
10. FINISH BORE CENTER HOLE BORING TOOL (B2)

These Processing steps can be combined into two different

Sets of operations as shown below.

Operation set # 1 Operation set # 2
DPEr‘ation # 1 : Steps 1,2 Operation # 1 : Steps 1,2
Dperation # 2 : Steps 3,4,5 Operation # 2 : Steps 3,4
Operation # 3 - Steps 6,7,8 Operation # 3 : Steps S
Operation # 4 : Steps 9,10 Operation # 4 : Steps 3,7,

Operation # S : Steps 9

In this model it is assumed that each operation
on a Part type is done in a single setup on a machine.
After the campletion of an operation, a part returns to be

Fefixtured or reoriented in the same fixture for the next
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operation. Hence, the number of visits made by a part
into the system is equal to the number of operations to be
Performed on it.

The mode of operation of the FMS under
Consideration is explained by dividing it into two
Stages. The first stage deals with the selection of a
Part from the parts in the central parts storage based on

the scheduling rule that is followed. The second stage

deals with the actual flow of the selected part in the

System.

3:1.1 Part-machine selection algorithm

Parts are selected from the central parts storage
based on the scheduling rule being followed. Though this
APpears Ssimple initially; due to the unavailabiltity of
the right fixture and machine(s) for the operation of the
Selected part, and the presence of parts that have
Priority over other parts, it is not always possible to
adhere to the rule being followed. In order that the
System is always loaded with parts, a compromise has to be
Made when the scheduled part cannot enter the system. The
algorithm for selecting a part from the central parts
Storage under such conditions is explained below. This
part-machine selection algorithm consists of a set of

b .
locks, A through P. The flow chart of this algorithm is
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shown in Fig.a.

ALGORI THM:

(A)

(B)

()

(D)

(E)

(F)

(G)

(H)

When the input buffer of a machine(s) becomes
available, the central parts storage is requested
to send a part for processing. 6o to block (B).
I1f all the parts in the central parts storage
have been considered, then go to block (P),
otherwise go to block (O).

If there are parts in the central parts storage
with priority then go to block (D), otherwise go
to block (N).

A set of parts that have priority over other
parts is formed. Go to block (E).

A part is selected from this set based on the
scheduling rule being followed. This part is
called as the candidate part. Go to block (F).
The operation to be performed aon this part type
is noted and the availability of the fixture type
for this operation is checked. If the fixture
type is available, then go to block (G),
otherwise go to block (K).

If the candidate part could be processed on the
machine(s) whose input buffers are empty,

then go to block (H), otherwise go to block (K).
If candidate part could be processed on more than

one machine, then the machine whose total
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distance from the loading and unloading stations
is the smallest is selected to process the part.

Go to block (I).

(I) This candidate part is then sent to the selected

machine for processing. 6o to block (J).

(J) If there are any more input buffers that are

empty, then go to block (AR), otherwise go to

block (P).

(K) This candidate part is removed from further

Consideration. Go to block (L).

(L) If there are any parts in the central parts

storage with priority, then go to block (M),

otherwise go to block (N).

(M) A new set of parts, excluding the candidate

part, is formed from the set of parts that have

Priority over other parts. Go to block (E).

(N) If there are parts in the central parts storage

without priority, then go to block (0), otherwise

go to block (P).

@ A set of parts without priority is formed. Go to

block (E).

(P) The selection algorithm is stopped.

4,
=21.2 Part flow in the system

Based on the algorithm in Section 4.1.1, a part is
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Selected to he processed on a particular machine. The
flow of this selected part in the system is explained

below and the flow chart is shown in Fig.5.
ALGORITHM;

(i) The selected part waits in the central parts
étorage until the loading crane, loader, loading
AGV and pallet are available. Once these
resources are available, go to step(ii).

(ii) The part is transported to the loading station

by the loading crane. At the loading station the
Part is clamped in the appropriate fixture and
then bolted on to a pallet. The entire unit is
then mounted on a loading AGV.

This loading AGV is kept waiting at the loading

station until the loading track is clear. Once

it is clear, go to step (iii).

(iij) The unit is transported to the machine and then
transferred to the input buffer of the machine.
The unit is kept waiting in the input buffer
until the machine table is empty. Once it is
empty, go to step (iv).

(tiv)

The unit is transferred to the machine table. A
check is made to see if all the cutting tools
that are required for this operation are
available in the tool magazine.

A request is made to the tool crib to send the
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necessary cutting tools that are not available.
The processing on the parts is not started until
all the cutting tools are available. Once all
tools are available, go to step (v).
(v) The processing steps for the operation on the
part are carried out. After the completion of
the operation, the unit is kept waiting on the
machine table until the output buffer of the
machine is empty. Once it is available,
go to step (vi).
(vi) The unit is transferred to the output buffer of
the machine. The unit is kept waiting on the
output buffer until the unloading crane, unloader
and unloading AGV are available. Once these
resources are available, go to step (vii).
(vii) The unloading AGV is kept waiting at the
unloading station until the unloading track is
Clear. Once it is clear, go to step (viii).
tviii) The unloading AGV is then sent to the machine
to pick up the unit and transport it to the
unloading station. At the unloading station
the unit is removed from the unloading AGV and

dismantled. The part is then transported to the

central parts storage by the unloading crane. 6o
to step (ix).

(i
x) If all the operations on the part have been
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completed, then the part does not enter for
further processing, otherwise the part stays in
the central parts storage.

The travel times from the central parts storage
to the loading station, from the loading station to the
Machines, from the machines to the unloading station, and
from the unloading station to the central parts storage,
are deterministic because of the use of automated material
handling systems that result in constant times. The use
Numerically controlled machines results in processing
times that are deterministic. However, the loading times
at the loading and unloading stations are stochastic since
the luading and unloading operations are performed by
human operators. as a result of this, the time spent in
“iiting by the parts for the different resources and the
Machines are of a random nature. Hence, the output from

the Simulation model is stochastic.

2.2 Dev t of the simsulati model

The simulation model of the proposed FMS, whose
configuration was described in Section 2.3 and whose mode
of OPeration was described in Section 4.1, was developed
9" an IBM/PC microcomputer using SLAM. SLAM is a general
PUrpose Simulation language that is used to develop

co
MPuter models of discrete change or continuous change
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(1)

Part seiected for processing.
Machine on which part is to be
is also selscted.

< Keep part waiting in the
central parts storaage.

A

Are the loading

crane, loader, No
loading AGY, >
and pallet
available?
(i1) v
Part transported to the loading
station by the loading crane
where it is claaged to the
fixtura, then bolted to 3 nallet
and the 2antire unit sounted on
the loading AGV.
| Keen part waiting in
the loadiag staticn.
loading No >

clear?

Fig.S Flow chart of part flow in the svstem
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) 9

Unit transported to the machine
and then transterred to the
input butfer of the sachine.

Keep unit waiting in
the input butter.
A

Is the machine No

enpty/ >

Yes

~—~
—

(iv) v

Unit transferred on to the
machine table.

The tool crib is renuested
to send the toals that are
not available on the
sachine. Prozessing is
not started until all the
are available.

Are z11 the
cutting tools
avaiiable?

No ‘1‘
—>

Fig.S (continued)
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(v) 9

v

Start procassing and stop after
the prescribed tiae,

Keen part waiting an the|
sachine table.

Is the output No

butfer of the
aachine =asaty?

(vi)

Part transferred to the output
bufter of the aachine.

Keep part waiting in the
output buffer.

A

re the unloading
crane. unloager,

and unloading
crane availaple?

No
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:E Keap the unloading AGV
at the unloading station.

(vii)

Is the unloading No

track clear?

~
<
=,
— §

o— o
p

The unloading AGV is sent to the
machine to pick up the unit and
transport it to the unloading
station where it is resoved froa
the unloading AGV and disaantled.
The part is then transported to
the central parts storage by the
unloading crane.

(ix)

Are all the
operations on
part
tosolets?

Na ¥peg the part in the
central parts storage.

Part dpes not enter the systea
for further aracassing

Fig.S (continued)
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Systems. The microcomputer version of SLAM is based on
Microsoft Fortran (MS FORTRAN).

The FMS under consideration can be modeled as a
discrete change system since the state variables that
describe the system, e.g., the number of parts inside the
SYstem, the number of busy machines in the system, etc.,
€hange at discrete points in time. Discrete change
Systems are modeled in SLAM using one of the following
three approaches (Pritsker, 1984):

‘1) Process orientation (Network modeling)
(ii) Event orientation
(iii) Combined process—event orientation.

The combined process—event orientation approach
"as used to develop the simulation model of the proposed
Fhs. This approach combines the advantages of the process
Orientation and the event orientation approaches. Using
thig 2Pproach the entire system was modeled using a
network Model and at instances where increased flexibility
is f®quired, the event orientation approach was used.

The software that was written was divided into
twe major programs (Fig.4), namely:

(1) Program 1 - This program creates the data files
that are later accessed by the SLAM program as the

L= 31 -
1mulatign Progresses.

41 Program 2 - This is the main simulation program

"ritten in sLaM. The program is further subdivided into
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PROGRAM 1 PROGRAM 2
DATA
FILES
DISCRETE NETWORK
EVENT [« P~ PROGRAM
PROGRAM

Fig.4 Organisation of the computer program
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two different modules, namely:

(i) SLAM discrete event program

(ii) SLAM network pragram.
- ut data cr

For each part type, its priority, its batch size,
the number of operations, the fixture type for each
operation, the machine(s) on which each operation could be
Performed and the cutting tools required for each
Operation have to be provided as input data. Moreover,
the number of machines in the system, the distances of
these machines from the loading station, the unloading
station and the taol crib, and the speed of the different
material handling systems form part of the input data. As
A result of this, it is a cumbersome procedure to input
Qata whenever a scheduling rule is analysed or the
FeéSource levels are changed. In order to prevent this
inconvenience to the user, the above data is stored in
different data files which are later accessed by the
Simulation program. @ user interactive program was
Written in Microsoft Advanced Basic (MS BASICA) which
Creates these different data files as the user responds to
2 series of queries during the execution of the program.

Thig Program is a menu driven program and consists of a

s
®t of subprograms that are used to:
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(i) create new data files

(ii) review and alter existing data files

(iii) add details to the existing data files
(iv) print out the details of existing data files.

a ks
computer listing of this program is given in Appendix—-A.

4.2,2 Progra - simula

Since a combined netwark-discrete event modeling
approach was followed, the simulation program in SLAM
Consists of two modules, namely:

(1) SLAM discrete event program
(ii) SLAM network program.
The SLAM network program is used as a driver program for
the simulation. The flexibility in terms of the part-
Machine selection algorithms, the multiple resource
allocation procedures and the automated material handling

Saus
quipment travel times are provided by the SLAM discrete

event program.

4.2,
2 AM d ete even r

This program (Appendix—B) was written in MS
FQRT .
RAN since SLAM is a Fortran based simulation
lan
guage. A modular approach was followed during the

devel
opment of the program which resulted in the entire
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ubroutines.
Program being organised into a number of s o
. . a
The input data that is required by the simu
e
the MAIN
Program is loaded into the computer memory by

i rocessor
Foutine. This routine calls the SLAM execution p

to start the simulation. Commands that require the user
to input the scheduling rule, the number of runs, th:.
names of the files from which the input data has to -
Fetrieved and the quantities of the various resources

i ined in this
Be used, on an interactive basis, are contai

Foutine ¢4 endix~C). ‘
T:: subroutine (INTLC) initialises the simulation
to the same initial conditions at the start of each r-u:he
"hen multiple runs are used. Part selection based 02001
Scheduling rule followed, checking the tools in th: -
Magazines of the machines, deciding the re-entry of -
intg the system, collecting data on utilizations o -
Fesourceg and the machines, and printing out the resulDYEd
7re sSome of the important EVENT routines that are empt
In the Program. These routines are called when a par
&nters the corresponding EVENT node in the network. -
Allocation of the multiple resources is band
by ALt oc (1) subroutine that is invoked as a part enters
the AWAIT nade in the network model. The USERF(I)

times of the
Subroutjne returns the value of the travel

i a part passes
different material handling equipment when

through the usere branch.
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The network model of the FMS consists of the SLAM
network Symbols, namely, the nodes and branches. The
Program consists of statements that are classified as
control statements and network statements. The control
statements are used to control the number of simulation
TUNS, to initialise the seeds at the start of each run, to
Store the entities in files based on certain priorities,
to start and end the simulation, etc. The network
Statements represent the various nodes and branches used
in the network model.

The SLAM network program, whaose

listing i given in Appendix-D, consists of a number of

Segments as shown in Fig.7.

Segment 1 (Fig.8) — The CREATE node starts the
Simulation and the EVENT node (EVE1) selects the parts
based on the rule being followed. The selected part waits
for the following resources — the loading crane, loading
A8V, loader and pallet — at the AWAIT node (MULT). Once

these Fesources are available, they are allocated to the

firgt Part waiting at this node.

Segment 2 (Fig.9) — The transportation time from
the Parts sStorage to the unloading station is provided by

the userr routine (USERF(1)). The loading time at the
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loading station is represented as a service activity. Due
to the stbchastic nature of the loading activity, the
loading time follows a probability distribution.

Depending on the system under consideration and the
distribution that is appropriate, the exact function that
9enerates random variables for this distribution with the
ASsumed parameters can be used in the corresponding
netwark statement. After the unit has been mounted on the
loading AGY, the loading crane and the loader are freed by
the FReg nodes (FCRA and FLOA). The loading AGV waits in
the awart node (AW2S) until the loading track on which it
1S to travel is clear. The ASSIGN node (AS20) increments
the number of parts being processed (XX(20)) every time a
Part flows through this node. The travel time from the
'9ading station to the machine is returned by the USERF
fOutine (USERF(2)). At the machine the pallet is
fransferred from the loading AGY to the input buffer of

hence
the Machine. This transfer time is very small and

9Ssumed to be zero. The travel time of the loading AGV
from the machine back to the loading station is returned
BY USERF(3). The EVENT node (EVE2) releases the loading
ABV ang the loading track, i.e., it indicates that the

192ding track is clear, while EVENT 3 (EVES) is used to
Check for the tools in the tool magazine of the machine

d
Nd make 5 request to the tool crib to send the require

i the
toals that are not available in the tool magazine of
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machine.

Segment 3 (Fig.10) — The input buffers of the
machines are represented as AWAIT nodes (BUF1 to BUF9).
The machines are treated as resources and the part waits
in the appropriate AWAIT node for the machine (as an
example, BUF1 for machine 1). The capacity of each input
buffer is set at one unit. The EVENT node (EVE4) is used
to free an input buffer once the corresponding machine
becomes available. 1t is also used to request the parts
Storage to send a part to this machine whose input buffer
is empty. At the machine table, the part waits for the
tools from the tool crib if they are not in the tool
magazine of the machine. This waiting time is modeled as
an activity, USERF(4), which returns the value of the
Waiting time. The SLAM variables, XX(11) to XX(19),
FePresent the status of the machines. A value of 1
indicates that the respective machine is busy, while a
Value of 0 indicates that the machine is idle. This
facilitates automatic collection of statistics on the
Utilization of the machines. The processing times on the
Machines are represented as activities (ACT 1 to ACT ).
After a part has been processed on a particular machine,
the FREE node (FREM) sets the machine free. The output
buffers at the machines are denoted by the GUEUE nodes

(
QU10 to QuU1B). These queues have a capacity of one unit
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€each and they block any entities from entering when they

are fuljl, i.e., when there is a part already in the output

buffer waiting for the unloading AGV.

Segment 4 (Fig.11) — The AWAIT node (AW23) is a
dummy node in which a part waits until the unloader,
Unloading AGY and the unloading crane are free. USERF(35)
Feturns the value of the travel time from the appropriate
Machine to the unloading station. The travel time for the
“"lnading Crane is returned by USERF(4). The unloading
time to dismantle the entire unit at the unloading station
1s modeled as an activity. As in the case of the loading
time, the unloading time is also stochastic and the same
Procedure is adopted to generate random variables that
follow the specified distribution. Once the dismantling
1s over, the FReE nodes, namely FPAL, FULO, and FRUG, are
YSed to free the pallet, the unloader and the unloading
ABY.  The EVENT node (EVES) is a user written EVENT
TOUtine that releases the necessary fixture type and
indicateyg that the unloading track is clear. The part is
then transported to the parts storage. USERF(7) provides
the value of the travel time elapsed. The FREE node
(Fucr) Feleases the unloading crane at the central parts
Storage. The check as to whether a part that returns to

the parts storage has finished all its operations or not

'S handieq by the EVENT routine (EVE&). This routine also
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collects the necessary data which are printed out at the

end of the simulation.

Segment S5 (Fig.8) — This is an intermediate
segment that requests the parts storage to select a part
when one or more input buffers are empty. It triggers the
EVENT routine (EVE1) when the GATE (CLO2) is opened and a

dummy entity waiting in the AWAIT node (BAIN) is released.

Five different network programs, one for each
rule, were written in SLAM. These programs are the same
except for the PRIORITY statement. This is a SLANM control
Statement that is used to store the parts in the central
Parts storage according to the scheduling rule being
followed. . As a result of this, five different network
Programs, one for each rule, were written and compiled.
The SLAM network program relating to the FOPR rule is
listed in Appendix-D. During the execution of the
Program, depending on the rule (policy) to be followed,

the user is requested to enter the name of the appropriate

network program that has been compiled.

4

=3__Model verification and validation

Verification is the process of determining

Whether the simulation model is performing as intended,
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i.e., debugging the computer program (Law % Kelton,

1982). The following techniques are generally used to
debug Computer programs of simulation models. These
techniques includes
i) the use of a modul ar approach to develop programs.
However, this approach is dependent to a large

extent on the language being used and many

simulation languages have limitations in this

regard.
(ii) the use of a trace in which the events that occur
as the simulation progresses are printed out.
tiii)y using results from analytical models that have
already heen developed for the system being
Simulated. In some cases by making certain
simplifying assumptions, a suitable analytical
Mmodel can be approximated. The results from the
Simulation model are then compared with those of
the analytical model.
iv) the use of animation that displays the simulation
on the terminal as the simulation progresses.
Presently a number of simulation softwares, for
&xample, TESS, SIMAN, SEE-WHY, etc., that represent
the system graphically on the terminal and display-
the changes that take place as the simulation

Progresses, are available.

The program that was written for simulating the
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FMS contains thousands of lines of computer code. There

existg no4ana1ytical model that is similar to the FMS
under consideration. Verification of the system by
®quating it to an existing analytical model and comparing
the Fesults of both is out of consideration. Hence, the
model was verified by tracing the program as the
Simulation progressed. At the user’s request for a trace
©f the simulation, the WRITE statements are activated and
the varigus events that take place at discrete points in
time are Printed out. Using one or two of machines and
and a maximum of three part types, this procedure was
followed for different number of combinations. From the
Printouts it was found that model was performing as

i"tEnded. This was the main debugging tool used to verify

the Simulation model. A typical traced output that was

usSed to verify the program is shown in Appendix-E.
Validation is the process of determining whether
the Simulation model is an accurate representation of the

Feal worig system. Complete validation for the FMS under

Consideration is extremely difficult due to the
Non-existence of such a system. Hence, the general
Validation procedure in which output from.the simulation
Model ig Compared with the output from the real system for

the Same input details, is not possible with this system.
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CHAPTER V
MODEL APPLICATION

In this chapter the application of the
microcomputer—based simulation model is demonstrated
through the use of three examples. Section 5.1 explains
the statistical technique that is used to select a policy
from the set of policies under consideration. The
examples considered in Section 5.2 illustrate this
selection technique. The factorial design set up that is
used to aid the study of the effects of the important
factors (resources) on system performance measure is

@Xplained in the same section.

=1 lection of the polic

The FMS under consideration processes different
batches of part types during different periods. The
System gtarts operating at time O with all the machines 1in

4N idle state and the raw materials for the entire set of
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Part types to be machined during the period made available
in the central parts staorage. The system stops operating
when all the parts in the entire batch have been
Processed, thereby completing a cycle. The next batch of
Parts ta he processed are introduced into the system and
the System starts all over again for the next cycle. Thus
the systen is a terminating type of system that starts
with certain initial conditions at a time O and terminates
at a time Tg on the occurence of event E. Hence,
Statistical techniques that are generally applied to
analyse output data for terminating simulations can be
APplied to this system.

Given all the necessary details of the FMS under
CDnsideration, i.e., the configuration, the part types to
be Processed and their details, the levels of the various
Fesources that are available, etc., our objective is to
Select a Scheduling rule (policy) from the five rules
Under Consideration. The statistical procedure that is
uUsed for thig purpose is based on the method developed by
Pudewicz and palal (1975) for selecting a policy out of,
say, k> Policies. The entire procedure is a comparison
of alternate policies based on some criterion, namely, the
System Performance measure. The policy to be selected is
the One that results in either a low or a high value of
the System performance measure under consideration, as the

Casg
® maybe. For example, if makespan, which is defined as
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the total time in system for the set of part types to be
processed by the system, is chosen as the system
performance measure, we would select the policy that
results in the shortest makespan. However, if machine
utilization, which is defined as the ratio of busy time of
the machine to the total simulation time, is chosen as the
system performance measure, we uoﬁld select the policy

that results in the highest machine utilization.

9.1.1 Notations used

Xj j — the random variable of interest (some
measure of performance) from the jth
independent replication of the ith
policy, (i = 1,2,...,k) and

k — number of policies under consideration
CS — the event of “correct selection’ of a
policy

P{CS} — the probability of selecting the correct
policy
Hj — the population mean of the random
variable Xj j for the policy ®i’.
Hi = E(X§j)
Depending on the measure used to evaluate the

System performance, we would select the policy that
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results in either the smallest expected response or the
largest expected response. Let us assume that we are
interested in selecting the policy that results in the
smallest expected response.

Let pnj, be the nth smallest of the ni’s,
such that:

Hil £ Pi2 £ eeveee S pig

Our objective now is to select the policy with the
smallest expected response, n;i- Since the output
from a simulation model is of a stochastic nature, there
is an inherent randomness in the system performance
measure Xj jo Thus, it is difficult to be absolutely
sure that a correct selection (CS) from amongst the
alternatives can be made. However, we can select the
al ternative whose population mean is less than the next
best population mean by a prescribed value d', with a
given probability P¥. The exact formulation then
becomes,

P<CS? > P¥, such that pjp — pjp 2 d¥f
where PY¥ and d¥ are specified by the analyst. The
Procedure involves a "two—-stage" sampling. In the first
stage we make a fixed number of replications 6f each
Policy, and then we use the resulting variances to
determine the number of additional replications needed for
®ach policy, to reach a decision. Since we are

Considering independent replications, it can be assumed

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



that the X; j’s are independent.

Let ng — number of replications for each of the k
policies in the first stage. The recommended
value of ng is at least 15 (Law & Kelton,
1982).

The first stage sample means and variances are given

by Eqn (1) and Eqn (2) as

no
E o Xij
-(1) J=1
Xj(np) = csvesesnsoenvesnannnnanes (1)
no
no -€1) 2
E C xij - Xj (ng) 1
2 J=1
8 (ng) = easwssas {2)

L np -11

Now, if N is the total sample size needed for policy

i’, we have:

2 2
hy si(ng)
Nj = |max{ng + 1, cocnmeees (3)
(d%)2

where rz1 is the smallest integer that is greater than or
€qual to the real number z, and hy ( which depends on k,
P¥ and ng) is a constant. The values of h; for
different values of k, P¥, and ng are provided in the
tables listed by Law & Kelton (1982).

To obtain the second stage sample means we need

(N; - no) more replications of system *i” (i = 1,2,...
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css=3k). The second stage sample means is calculated

using the formula in Eqn(4).

Nj
> xij
-(1) J=ng+1
Xi (Nj — ng) = ceacmccscnsscsss (A)

L Nj —no 1
The number of runs, npo and (Nj — no), for the two
stages are different. As a result of this the first stage
and the second stage sample means have to be weighted to
obtain the overall mean. The weights W;31 and W;o,
assigned to the first stage and the second stage, are

defined as:

£ 2\172
no N; (N; — ng) (d¥)
1 - «ea (5)

2 2
hy si (ng)

The weighted sample means for policy i’ is given by

EqQn(7) as

- —-(1) -(2)
Xi(Ni) =w11Xi(n0) +Ni2Xi(Ni —no) ------.---.--.-(7)

These calculations that are given in Eqn{(1) through Eqn(7)
are performed for all the ‘k” policies. The weighted
sample means yi(Ni) are then used to select the

Policy. Depending on the system performance measure under
consideration, the policy that results in the smallest or

largest value of ii(Ni) is selected. One important
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point to be noted here is the selection of P¥ and d¥
which ultimately depends on the analyst’s goal and the
particular system under investigation. P¥ and d¥
could be chosen after the first stage sampling.

This selection procedure is explained in
Section 5.2.1, Section S5.2.2 and Section 5.2.3 with the
help of examples. Since five scheduling rules (policies)
are under consideration, we have k=35. Policy *~i~”
(i=1,2,3,4,5) is coded as follows:

i=1 —— Random selection rule (RANDOM)

i=2 —— Fewest operations remaining (FOPR)

i=3 —— Most operations remaining (MOPR)

i=4 —— Shortest processing time (8PT)

i=8 —— Longest processing time (LPT)

S.2 Praoblem data

The praoblem data considered in this section, to
illustrate the application of the simulation model,
represent the typical parts spectrum and machine variety
found in flexible manufacturing systems. The parts
considered are of the non—-rotational (prismatic) type and
the machines used in the system are general purpose

horizontal and vertical machining centers.
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De2.1 Problem 1

The FMS assumed for this problem consists of five
machining centers, viz., three vertical machining centers
(Machine # 1, 2 and 5) and two horizontal machining
centers (Machine # 3 and 4). All these machines are laid
out in a single lane as shown in Fig.12. The sketches and
process sheets of the set of parts to be processed by this
system are given in Appendix-—F. The list of all the
fixture types and the cutting tools that are required for
the different operations of these parts are provided in
Appendix—6G. Six part types form the parts spectrum for
this problem. The summary of the part type data for these
six parts are shown in Table 1. Table 2 gives the summary
of the system layout data and Table 3 lists the quantities
of the various resources available. The travel times and
the speed details of the different material handling

systems are shown in Table 4.

22.1.1 Selection of the scheduling rule

These input data were organised into different
data files using Program 1. The simulation of the FMS was
Carried out for each of the five scheduling rules.
Following the observations made by Law & Kelton (1982) on

the value of the first stage sample size, a value of 20
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Fig.12 Layout of the FMS — Problem 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9ad4£3 aanIxyg - 14 ‘aujy] durssadoag - duy] *d01yq
1aquny uofjeaadg - coN cudp ‘A3jaorag - £114 930N
9‘'¢‘z1'¢e1e Y 9 00°1¢ €
9z'01'8‘0Z 61 g 10z 1071 | g 00" 41 (4
0C°61 ¢ 10 g 10 1| g 00°8 1 ON L 9
oe‘geizrier Ll ¢ 10 7 10 71| ¢ 00°9¢ 1 ON 01 g
¢
..ﬁ.—a [ [ 4 [] .ON.NN .
v'g'9'clor g y 10 ¢ | ¢ 00° L1 z
9z‘01°8 ¢ 10 7 10 | b 00'6 1 ON A Y
AR S AR OB YA R h a0 ¢ € 00° €T z
07'61 G 10 g 10 | € 00°9 1 ON L €
L'sz‘e‘srL G 10 7 10 1 z 00°1¢€ 1 ON 6 rA
289161 y a0 ¢ 1 00°81 €
T8 1 €1 ¢ 10 7 10 | 1 00° %2 z ON S 1
‘8 v1¢el G 10 7 10 | 1 00°%¢ 1
Amc,n_:v
) G * ON 3218 adfy
paxfnbax syoo] (s)suryoey Ld *20xd udg £31ag yojegq laeg

T WaqoJdd —~ ©3ep adAy jJded JO AJewwng

T

a1qe]

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ble 2

Summary of system layout data — Problem 1

DISTANCE FROM MACHINE TO
MACHINE LANE |LOADING UNLOADING TOOL
STATION STATION CRIB
i - VMC 1 10.00 10.00 50.00
2 - VMC 1 20.00 20.00 40,00
3 - HMC 1 30.00 30.00 30.00
4 — HMC 1 40.00 40.00 20.00
S - vMC 1 50.00 S50.00 10.00
Note All the distances are in meters

VMC — Vertical Machining Center

HMC - Horizontal Machining Center
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Table 3

Summary of resource data — Praoblem 1

Resource name

Quantity

lL oading crane
Unloading crane
Loaders
Unloaders
Loading AGVs
Unloading AGVs
Pallets
Fixture type
Fixture type
Fixture type
Fixture type
Fixture type
Fixture type

CUDdUNR

R N NI S B

Table A4

Summary of speed and time details of the
material handling systesas — Problem 1

Speed of the loading AGV = 20.00 mts/min
Speed of the unloading AGY = 20.00 mts/min
Speed of the tool conveyor = 10.00 mts/min
Travel time for the loading
crane = 2.00 mins
Travel time for the unloading
crane = 2.00 mins
Loading time - Uniformly distributed between
2.00 mins and 3.00 mins
Unloading time — Uniformly distributed between
1.00 and 2.00 mins
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was chosen for ng. Twenty independent runs for each
scheduling rule were made using different random number
streams for each run. To ensure that each of these
policies was tested under identical conditions, the random
number streams for each policy were made identical. The
makespan was chosen as the measure of performance of the
system.

The first stage sampling for the five policies
was done and the results are shown in Table 5. The
following values of P¥ and d¥ were chosen for the
analysis. P¥ = « 220, and d¥ = 15 minutes

These values for P¥ and d¥ indicate that we
want to be 90% confident that the difference in the
makespan values for the selected policy and the next
policy would be greater than or equal to 15 minutes. From
the tables, for a value of k=5 and the above mentioned
values of P¥ and ng, h; was found to be 2.747. The
number of additional runs required (N;j - ng) for the
ith policy (i=1,2,..,95) was calculated based on the
results of the first—-stage sampling and was found to be
one. The additional run was conducted for each policy and
the second-stage sampling procedure was applied. The
weights Wj1 and Wj> for each policy were calculated.

From these weights, the weighted sample means for the
system performance measure under consideration were

determined. Table S shows the weighted sample means of
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the makespan for each rule. From the column in Table S
corresponding to the weighted sample means of the makespan
[Yi(Ni)] for each scheduling policy, it can be seen
that the Fewest Operations Remaining (FOPR) rule results
in the shortest expected makespan. Hence, the FOPR rule
is selected. The last column in Table S5 gives the 90%Z
confidence interval of the makespan for the five
Policies. The formula to obtain the 90%Z confidence
interval is given in Eqn (8) as

X+ (s/ n).ltpy, 1-as2) S =31

where, n — number of simulation runs

X — mean of the n runs

s = standard deviation of X in the n runs

o — level of significance.
The 90% confidence interval for policy 2, the FOFR rule,
is 1128.045 + 21.38 minutes, i.e., we can be 907 confident
the makespan will be between 11046.4685 minutes and 1149.445

minutes, when we are using this policy.

9.2.1.2 Experimental design_ setup

As proposed earlier, after the selecting the
sScheduling policy, the next stage is to study the effects
of the important resources on the makespan, using this
Policy. This is done by setting up a suitable

experimental design. A 2K factorial design was chosen
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for this purpose. The “k* factors, or important
resources, are set at two levels — a high level and a low
level. At the outset, though it might seem that each
resource can have more than twao levels, in reality, the
hardware constraints, the operational constraints, the
technical constraints, etc. do not permit certain
resources to have more than two levels. For example, due
to operational constraints, it is not feasible to have
more than one loading or unloading crane to move the parts
between the central parts storage and the loading and
unloading stations.

The selection of the important resources is based
on their respective utilizations. Table &6 gives the list
of the various resources that were used by the system,
their quantities, and their respective average
utilizations for twenty one runs using the FOPR rule.
Resources used in a FMS are classified as shared
resources, those that are used by all the part types and
specific resources, those that are used by only a certain
part type. The fixture types belong to the latter
category while the other resources used by this system
belong to the former category. |

Consider the shared resources that are at their
minimum level, i. e., having a quantity of one. We can
see that the loading AGV was utilized on the average to a

larger extent than the rest, say, loading crane or
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TJable &

Resource quantities and utilization — FOPR rule

Resource Quantity Aver age
Utilization

Loading crane 1 53. 3%
Unloading crane 1 b66.3%
Loader 1 53.3%
Unloader 1 49.8%
Loading AGVY 1 74.3%
Unloading AGVY 1 49.8%
Pallet S &69.8%
Fixture type 1 2 30. 6%
Fixture type 2 1 42, 4%
Fixture type 3 2 50.8%
Fixture type 4 1 72.57%
Fixture type S 1 /4. 27%
Fixture type 6 1 27.0%
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loader. It can also be seen that there are five pallets
that were on the average utilized at approximately 70%,
i.e., only 3.5 pallets out of the five pallets were
utilized on the average. Considering the specific
resources, namely, the different fixture types, we can see
that there are two units of fixture type 1 which were
utilized about 307 on the average. This again is a low
value considering the fact that there are two fixtures of
the same type. These three resources — loading AGY,
Pallet and fixture type 1 — were considered as important
resources for this problem. To study the effects of these
resources a 2> factorial design was set up with each
factor at two levels. Table 7 gives the different
treatment combinations of these three factors. The design
matrix that facilitates calculations of the factor effects
and interactions is shown in Table 8. Ten simulation runs
were made for the eight treatment combinations of these
three factors (resources). The makespan (response) is
also given in Table 8 for each treatment.

With the help of this design matrix, the main
effects and the interactions were calculated and listed as
shown in Table 9. The main effect of a factor j is the
average change in response due to moving j from its -7
level to its *+° level while holding all the other factors
fixed and is calculated using the notations in the design

matrix. For example, if Ry, R, ..... ;Rg are the
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Jable 7

Treatment combinations for the three resources

RESOURCE LEVELS

TREATMENT # LOADING AGV PALLET FIXTURE TYPE 1

(+)

(+)

(+) (+)

0 N 00 O & N
= N
D
g u U W4 a ua 4 W«
~
¥
-t
T

N N N N

2 (+) +) (+)

Note : The signs within parantheses indicate a high or
low level of each resource
(+) — High level

(=) — Low level
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Table 8

g? factorial design matrix — FOPR rule
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Makespan (mins)
TREATMENT (| A B C AB AC BC ABC 90% confidence
interval
1 - - — 4+ 4+ + = ]11401.599 + ©9.36
a + - - - - + + 1382.950 + 15.87
b - + - - + - + 1115.009 + 33.50
ab + + - + - - - 1087.655 + 28.78
c - - + + - - + 1421.984 + 8.98
ac + - + - + - - 1390.228 + 16.92
bc - + + - - + - 1127.930 + 26.09
abc + + + + + + + 1089.061 + 16.66
Factor A — Loading AGBV
Factor B - Pallet
Factor € — Fixture type 1
Levels of Factor A - 1 and 2
Levels of Factor B - 3 and S
Levels of Factor C - 1 and 2




Jable 9

Effects of factors on system response — FOPR

rule

Effect

Makespan

Main effects
Loading AGV A
Pallet B
Fixture type 1 C
Two factor interactions
A X B
A X C
B X C
Three factor interactions

A X B XC

-29.1500

—294.2765

10.4975

=3.9545

—=6.13555

-3.3340

- 3993
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responses faor each of the eight treatments, respectively,
the main effect of factor A (ep) is given by the
formula, (Law & Kelton, 1982)

(R>—Rj) + (Rg—R3) + (Rg—Rsg) + (Rg—R7)

EA= '-...(9)
4

Similarly, the interaction effect for the factors A and B
is given by Eqn (10),
Ry — R — Rz + R4 + Rg - Rg — Ry + Rg

eaB = - (10)
4

D.2.1.3 Discussion

(i) From Table 9 it is clear that the two factor
interactions are small compared to the main effects of
factors A and B. The three factor interaction is also
negligible. However, the main effect due to factor B,
i.e., the pallet, is quite significant in decreasing the
response (makespan). It can be seen that an increase in
the number of pallets from a low level of three to a high
level of five resulted in a considerable decrease in the
makespan. The number of parts circulating inside the
system is the same as the number of pallets used by the
system because every fixtured part type is mounted on a
Pallet irrespective of the fixture type or part type.
Hence, increasing the number of pallets in the system

increases the number of parts circulating in the system
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thereby decreasing the makespan. The FMS consists of five
machines and with only three pallets being used, at least
two machines are idle at any point in time during the
operation of the system. Due to the non—availability of
the pallets, parts that are selected to enter the system
for processing are forced to wait, thereby increasing the
total time the parts spend in the system.

(ii) The main effect of factor A, i.e., the
loading AGY, is not as much as that of factor B, the
pallet (Table 9). Increasing the number of loading AGV’s
resulted in a decrease in the makespan. However, the
decrease in the makespan due to the increase in the number
of pallets is ten times larger than that due to the
increase in the number of loading AGV’s. This can be
attributed to the traffic congestions on the loading
track. Though an increase in the number of loading AGVs
increases the number of parts circulating inside the
system, a loading AGV spends some time waiting at the
loading station whenever there is another AGV travelling
on the same track. As a result of this, increasing the
number of loading AGV’s did not result in a significant
reduction in the makespan.

(iii) Increasing factor C, i.e., the fixture
type 1, resulted in increasing the makespan (Table 9). The
fixture, being a more specific resource, is used only by

Part type 1 and probably during the entire operation of
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the system, there was no part type 1 that was waiting for
fixture type 1. However, it should be mentioned here that
the effect of fixture type 1 depends also on the batch
size of part type 1. If the batch size of this part type
is very high compared to the batch sizes of the rest of
the parts spectrum, the number of parts waiting for this
fixture type would be high. In such conditions,
increasing the quantity of this fixture would tend to
decrease the makespan. In this example, since the batch
size of part type 1 was small compared to the other part
types, increasing the number of units of fixture type 1
did not result inaa decrease in the makespan.

(iv) Table 10 lists the average machine
utilizations for the different treatment combinations.
Considering all the treatments, it can be seen that
Machine 1 was utilized to a larger extent compared to the
other machines. This is due to the proximity of this
machine to the loading and unloading stations that always
results in Machine 1 being selected whenever it is
available. Higher levels of the pallets (Treatment 3, 4,
7, 8 — Table 10) resulted in higher utilizations for all
the machines. This is because of the signifiéant decrease
in the makespan whenever there is an increase in the
nNnumber of pallets, as seen earlier. Data of this type on
machine utilizations are useful in deciding whether a

particular machine should be kept running or shut down.
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Tabl 10

vearage chine utilizations — Problem 1
MACHTINE
TRTMNT. 1 2 3 4 S
1 33.4 27.7 25.0 18.0 23.3
2 33.0 28.3 26.5 17.0 24.2
3 49.2 37.9 33.3 20.7 19.3
4 S1.3 37.9 35.5 19.9 19.6
S 31.3 28.2 24.7 17.6 23.7
6 32.0 29.4 25.7 17.6 23.7
7 43.0 35.0 32.6 20.8 26.8
8 46. 9 38.1 32.8 22.5 23.7
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From Table 10, we can see that Machine 4 has been utilized
to the lowest extent compared to the other machines.

Under such conditions a decision could be made whether
this machine should be used to process this particular
batch of part types. The simulation model could be used
to evaluate the performance of the system without

Machine 4.

(v) The average utilizations of the resources
for the different treatment combinations are shown in
Table 11. The loading crane, loader and loading AGV are
resources that are seized simultaneously. After the unit
has been mounted on the loading AGV, the loading crane and
the loader are released while the loading AGBV is not
released until it has transported the unit to the
respective machine. As a result of this, it can be found
from Table 11 that the loading AGV is utilized to an
higher extent than the loading crane and the loader.

The unloading crane, unloader and unloading AGV
are seized simultaneously. However, after dismantling the
unit at the unloading station, the unloader and the
unloading AGV are released while the unloading crane is
not released until it has transported the part to the
central parts storage. Hence, the unloading crane is
utilized to an higher extent than the unloading AGV and
the unloader.

Considering the pallets and the loading AGV, it
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Jable 11

Average resource utilizations —~ Praoblem 1

RESOURCES
TRT. | Crane Ucrane Load Uload AGV-L AGV-UL Pallet
1 43.0 54.2 43.0 40.1 &60.7 40.1 85.3
2 43.7 S4.9 43.5 41.5 30.8 41.5 86.9
3 54.0 66.2 S54.0 42.5 74.4 49.5 72.8
4 S5.4 &7.7 S55.4 S0.6 38.1 S50.6 76.1
S 42.3 53.3 42.3 40.3 S59.7 40.3 84.0
& 43.3 S4.4 43.3 41.1 30.5 41.1 85.8
7 53.3 &6.3 S3.3 49.8 74.3 49.8 &9.8
8 S55.2 &68.8 55.2 S1.7 38.5 S51.7 73.9

Note : Crane
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can be seen that increasing their levels significantly
decreases the makespan (Table 8) and their respective
utilizations. A similar aobservation has been reported by
Chang et al. (1986).

(vi) The average utilizations of the specific
resources, namely, the fixture types, are shown in
Table 12. It can be seen that the high utilizations for
all the fixture types, except fixture type 1, occurs for
the four treatments (Treatments 3, 4, 7 and 8 — Table
12). However, for the fixture type 1, it can be seen that
high utilisations occur only for treatments 3 and 4.
Increasing this fixture type from one to two units
resulted in a decrease in utilization per unit (Treatments
S, 6, 7 and 8 — Table 12).

The above discussion based on the results of the
experimental design can be used as a basis to decide the
quantities of the resources to be used to process a
particular batch of part types. Due considerations should
be given to the cost factors such as, the cost of a
pallet, or a loading AGY, or fixture, etc., before a final

decision can be made.

Se2.2 Problem 2

The parts spectrum and the machine variety

considered for this problem are the same as that of
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able

12

Average fixture utili ions — Prob 1
FIXTURE TYPES
TRT 1 2 3 4 S [}
1 43.5 32.2 36.2 S56.0 31.1 20.8
2 44.2 32.9 37.0 S57.5 31.5 20.8
3 61.3 44 .2 52.6 78.1 47.6 27.9
4 b6.4 44.4 S54.8 82.7 49.0 28.5
S 21.5 30.9 36.3 S4.2 30.6 20.5
& 22.1 31.6 37.5 55.1 30.9 20.6
7 30.6 42.3 50.8 72.5 44,2 27.0
8 3I2.6 45.2 53.8 77.2 46.5 28.1
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Problem 1. However, one of the part types has a priority
over the other part types. This type of situation is
common in practice. Part types ordered by important
customers, part types to be processed urgently, etc. are
always given a priority over the other part types in the
batch. The simulation model is designed such that it can
be adapted to such situations.

The summary of the part data for Problem 2 is the
same as that for Problem 1 (Table 1) except for part type
3 that has been assigned a priority. The system layout
data, resource data, and the speed and time details of the
different material handling systems for this proﬁlem are
also the same as that for Problem 1 (Tables 2, 3 and 4).

Table 13 shows the results of the first stage and
second stage sampling procedures applied to select the
scheduling policy. Based on the weighted sample means of
the makespan, the RANDOM rule is selected. The only
difference in the input data for Problems 1 and 2 is the
inclusion of a part type (part type 5) a higher priority.
However, the selected scheduling policy for both these

problems are different.

S9.2.3 Problem 3

Problem 3 demonstrates the application of the

Simulation model to multiple—lane layouts. The layout of
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the FMS for this problem consists of two lanes, with three
machines on lane 1 and two machines on lane 2 (Fig.13).
The first four part types form the parts spectrum for this
problem. The summary of the part type data for these four
parts are shown in Table 14. Table 15 gives the summary
of the system layout data and Table 16 lists the
quantities of the various resources available. The travel
times and the speed details of the different material
handling systems are shown in Table 17.

Table 18 shows the results of the first stage and
second stage sampling procedures applied to select the
sScheduling policy. Based on the weighted sample means of
the makespan, the Longest Processing Time (LPT) rule is
selected. From the analysis of these three problems it
can be seen that variations in the input data result in
the selection of different scheduling. This is similar to
the observation made by Stecke and Solberg (1981).

The use of the simulation model to address the
operating problems of a FMS, namely, the scheduling policy
to be followed, has been explained through the use of
examples in Section 5.2.1, Section 5.2.2 and Section
S5.2.3. A detailed analysis was conducted for Praoblem 1.
The 2K factorial design that was proposed to study the
effects aof the important resources on the system
Performance was applied to Problem 1. The value of k was

€qual to 3. However, for higher values of k the number of
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Fig.13 Layout of the FMS - Problem 3
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DISTANCE FROM MACHINE TO
MACHINE LANE |LOADING UNLOADING TOOL
STATION STATION CRIB
1 - vMC 1 10.00 16.00 30.00
2 - VMC 1 20.00 26.00 20.00
3 -~ HMC 1 30.00 346.00 10.00
4 — HMC 2 15.00 10.00 30.00
S - VvVMC 2 25.00 20,00 20.00
Note All the distances are in meters

VMC — Vertical Machining Center

HMC — Horizontal Machining Center
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Tabl 16

Summary of resource data — Problem 3

Resource name

Quantity

Loading crane
Unloading crane
Loaders
Unloaders
Loading AGVs
Unloading AGVs
Pallets
Fixture type
Fixture type
Fixture type
Fixture type

PUNR

b b b b (] b b b b b P

Table 17

Summary of speed and time details of the
material handling systesas — Problem 3

Speed of the loading AGV = 20.00 mts/min
Speed of the unloading AGV = 20.00 mts/min
Speed of the tool conveyor = 10.00 mts/min
Travel time for the loading
crane = 2.00 mins
Travel time for the unloading
crane = 2.00 mins
Loading time — Uniformly distributed between
2.00 mins and 3.00 mins
Unloading time — Uniformly distributed between
1.00 and 2.00 mins
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treatment combinations is large. In such situations a
2k factorial design with replicates would invaolve a
large amount of computer time. To avoid this, a
fractional factorial design could be employed in which
only “p’ factors out of the k important factors are
analysed (Law & Kelton, 1982). The choice of p is
subjective and depends on the analyst.

Except for the loading and unloading times which
are stochastic, the remaining times, like the processing
time, travel times, etc., are deterministic. However, if
these times are made stochastic the amount of randomness
that would be introduced into the output would be high.
Hence, a larger number of runs would be necessary to
reduce the variance of the output measures. Variance
reduction techniques could be applied to control the

variance under such conditions.
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Chapter V1
SUMMARY

A microcomputer-based simulation model of an
idealised FMS has been developed. Some features such as
alternate routings, treatment of fixtures as resources and
Part types with priorities were included to make the model

realistic. The model was developed on a microcomputer

using SLAM and was made user—interactive. Five different
sScheduling rules were selected to be investigated by the
model for each set of part types to be processed by the
sSystem. The simulation model has been designed such that
it is adaptable to variations in the layout as shown
in Fig.Z2.

The statistical approach to select the scheduling
Policy and the experimental design setup used to aid the
study of the effects of the important resourcés on system
Performance were explained through the use of examples.
The simulation model is general enough to be applied to

Small- or medium—sized problems. The primary function of

- 94 —
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the model is to act as a decision tool in selecting the
scheduling policy for the part types that are processed by
the system under consideration.

Though the model attempted to include some
realistic aspects mentioned earlier, breakdown of machines
or resources which is a common feature in most
manufacturing systems has not been considered. Also,
complicated FMS layouts could not be incorporated into a
general program. Complicated scheduling rules were not
considered by this model. It is in these directions that

this model could be used for further work and enhanced to

include additional features.
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10 REM SESSSEESBERstssssasssssssasssssssssssasssssssssssssasssssssssssssssss
20 REM $ t
30 REN § PROGRAM TO INPUT THE PART DETAILS OF ALL THE PARTS THAT ARE USED ¢

40 REN ¢ IN THE SINULATION MODEL. THESE DETAILS WILL BE STORED IN t

50 REM SEPARATE DATA FILES AND WILL BE ACCESSED BY THE '

40 REN SLAN MAIN PROGRAM t

70 REM t

80 REN t

90 REN

100 REM #33 PROGRAM WRITTEN BY ----- > THIRUVENGADAN RAVI 838

110 REM

120 OPTION BASE 1

130 DIM 16D(3),IFT(10),PRT(10), IALM(90), ITOOL (100), JPRPT (25) ,NF(30) ,PARR(25, 220}, DULOM(9) , DLON(9)
,DSTH(9) , ITRACK(9)

140 REN
150 REM CALLING THE VARIOUS SUBROUTINES
160 REN
170 60SUB 200

180 50O 350

190 CLS:COLOR 7,0,0:END

200 REM SEESEERERSLEEBIRESRELERILLLRITEIRITLLILILLLLLRLLES

210 REN & SUBROUTINE TO DISPLAY FEATURES OF THE SEGMENT ¢

220 REN S388S38K888888sasssasssssssasssasssassassssssssssss

230 CLS:KEY OFF:COLOR 11,0,9:LOCATE 10, 16:PRINT **;STRINGS (48,2051 ;")

240 LOCATE 11,16:PRINT *{";STRING$(48,32)3"|"

250 LOCATE 12, 16:PRINT *|*3:LOCATE 12,22:PRINT *PROSRAM TO INPUT THE DATA THAT DRIVES *;:LOCATE 1
2,65:PRINT -%-
260 LOCATE 13, 16:PRINT *|*;STRINGS (48,32);° ("
270 LOCATE 14, 16:PRINT *{*;:LOCATE 14,20:PRINT *THE SIMULATION MODEL DEVELOPED IN SLAM II*;:LOCAT
E 14,55:PRINT .l.
280 LOCATE 15, 16:PRINT *|*;STRINGS (48,32 ;| *
290 LOCATE 16, 16:PRINT *L*;STRING$(48,205); %)
300 COLOR 30,0:LOCATE 25,14:PRINT P RESS SPACE BAR TO CONTINUE"
310 IF INKEYS ¢ > ** THEN GOTD 310

320 PROS=INKEYS$

330 IF PROS$ < > * * THEN 6OTO 320

340 RETURN

350 REM $38483888888RE88sE8ssssssaassassssssssss

360 REM & SUBROUTINE TO DISPLAY THE MAIN MENU 3

370 REN SESSSSESSTLELRELRLERIEELLFETTILLLLLLILEL

380 CLS:KEY OFF:COLOR 10,0,9

390 LOCATE 3,16:PRINT * *1STRINGS (45, 20503 *
400 LOCATE 4,16:PRINT * ';STRING$(46,32);“1

410 LOCATE 5,16:PRINT *{*;*  PROGRAM TO INPUT DATA THAT DRIVES THE .
420 LOCATE 6,16:PRINT *{*;" SLAN SIMULATION PROGRAM .
430 LUCATE 7, 16:PRINT *|*;STRING#(46,32);*
440 LOCATE 8,16:PRINT *L*;STRINGS (45,205); %"
450 LOCATE 10,16:PRINT *OPTIONS THAT ARE AVAILABLE : °

460 LOCATE 12,21:PRINT *1. ENTER A NEW SET OF PARTS DATA *

" 2 s

193383033800 00008080000033 00000000 3000808083030¢80082308328020888843 2]
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470 LOCATE 14,21:PRINT
480 LOCATE 16, 21:PRINT
490 LOCATE 18,21:PRINT
300 LOCATE 20,21:PRINT
310 LOCATE 23,16,1,0,7
320 IF CHO > 0 AND CHO
330 SOUND 500, 10:CHO=0
540 LOCATE 23, 16:PRINT
330 REM ssssssasasseee
360 REM ¢ CALLING THE
370 REM s¥stsessssssss

- 103 -

"2. REVIEN AND ALTER EXISTING DATA *
*3. APPEND NEW DATA TO EXISTING ONE *
“4. PRINT THE DATA FROM EXISTING FILES *
*S. QUIT THE PROGRAM®
:INPUT “ENTER YOUR CHOICE : *,CHO
< & THEN 60TO 550

STRING$(50,32):60TD 510

FRRRIRLRLALRALRINILLRIILINNLRAILRIININL
EXACT SUBROUTINE FOR THE CHOICE MADE
192302008838 32023000828 000000003828 08088

380 ON CHO 60TD 600, 2440, 5080, 6330, 590

390 6070 190

600 REM $ResEstsssssss
610 REM 8 SUBROUTINE
620 REM sesssssnssssss
630 CLS:COLOR 27,0

640 LOCATE 4,30:PRINT
630 LOCATE &,11:PRINT
660 LOCATE 7,11:PRINT
670 LOCATE 8,11:PRINT
680 LOCATE 9,11:PRINT
690 LOCATE 10,11:PRINT
700 LOCATE 11,11:PRINT
710 LOCATE 12,11:PRINT
720 LOCATE 13, 11:PRINT
730 LOCATE 14,11:PRINT
740 LOCATE 16, 11:PRINT
730 LOCATE 17,11:PRINT
760 LOCATE 18, 11:PRINT
770 LOCATE 19, 11:PRINT
780 LOCATE 20, 11:PRINT
790 COLOR 10,0:LOCATE
800 1F LEN(FILE1S) ¢ =
810 SOUND 500,10:FILE1
820 LOCATE 22, 11:PRINT
830 coLor 30,0:LOCATE
840 PRINT *P RE § §
830 IF INKEYS ¢ > ** T
860 PROS=INKEY$

1323838808383 832828 0838880888232
THAT ENTERS A SET DF NEW DATA 8
132388800800 020 8020280830088

"INSTRUCTIONS®:COLOR 11,0

"YOU ARE REQUESTED TO INPUT THE PART DETAILS AND THE *
*OTHER DETAILS THAT ARE USED TO RUN THE SIMULATION"
"MODEL OF THE FLEXIBLE MANUFACTURING SYSTEM. THESE"

*DATA WILL BE ENTERED ON AN INTERACTIVE BASIS. PLEASE *
"RESPOND CAREFULLY TO THE QUERIES. FILES ARE CREATED®
*T0 STORE THESE DATA. THE NAME FOR THESE FILES SHOULD"
"NOT BE GREATER THAN EIGHT CHARACTERS LONG. THESE FILE"
"NAMES WILL BE PROVIDED WITH AN APPEND DEPENDINE ON THE®

"DATA CONTAINED IN THE FILE"

*FILE CONTAINING PART DETAILS {.PAR]®
"FILE CONTAINING PRIORITY DETAILS-=-=-==-v=ceceme [.PRID"
"FILE CONTAINING FIXTURE TYPE DETAILG-----=-e---- [.FIXI®
"FILE CONTAINING SYSTEM LAYOUT DETAILG-=--=-=c--- [.LAY2®

*FILE CONTAINING SPEED AND TRAVEL TIME DETAILS---[.TIM]®
22, 11: INPUT “ENTER NAME OF FILE TO STORE THE PART DETAILS
8 THEN 6070 830
s:l »

STRINGS (68,32) :60T0 790
25,11

SPACE BAR TO0O CONTINUEF"
HEN 6070 850

870 IF PROS ¢ > * * THEN GOTO 840
860 FILE1$=FILE1$+".PAR"

890 OPEN FILEIS FOR OU

TPUT AS H

900 CLS:COLOR 10,0:LOCATE 5,2
910 INPUT *TOTAL NUMBER OF PART TYPES TO BE PRODUCED : *sNPT

920 IF NPT ¢ = 25 THEN

60T0 970

930 LOCATE 7,2:COLOR 12,0:50UND 500,20

940 PRINT *THE PROGRAN

CAN HANDLE A MAXIMUM OF 25 PART TYPES ONLY"

950 FOR IL=1 TO 5000:NEXT IL

960 NPT=0:60T0 500

*,FILELS
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970 FOR 1=1 TO NPT

980 FOR 1G=1 TO 220:PARR(I,1@)=0':NEXT 10

990 COLOR 10,0:LOCATE 7,2:PRINT *DATA FOR PART TYPE ;1
1000 LOCATE 8,2:PRINT * —--- -

1010 LOCATE 9,2:PRINT "BATCH SIZE ="
1020 INPUT * *,NBS

1030 LOCATE 10,2:PRINT *NUMBER OF OPERATIONS = *;
1040 INPUT * *,NDPS

1050 PARR(I,1)=1:PARR(I,2)=NBS: PARR(I,3)=NOPS
1060 FOR K=1 TO NOPS

1070 J11=4+(K-1)321

1080 PRINT:PRINT TAB(2);"PROCESSING TIME FOR OPERATION *:K;* = %;
1090 INPUT * ", PARR(I,J11)

1100 PRINT TAB(2);*FIXTURE TYPE FOR OPERATION *;K;* ="
1110 INPUT * *,PARR(I,J11+1)

1120 PRINT TAB{2);*POSSIBLE MACHINES FOR OPERATION *;K;® = *;
1130 INPUT * *,NALM

1140 L=t

1150 FOR L=J1142 T0 J114NALM+1

1160 PRINT TAB(20);*POSSIBILITY # *;L3;" = %

170 INPUT * *,PARR(I,L)

1180 LI=Ld+1

1190 NEXT L

1200 PRINT TAB(2);*TOOLS REQUIRED FOR OPERATION *;K;* =%
1210 INPUT * *,NTOOL

1220 LN=1

1230 FOR M=J11+11 TD J11+NTOOL+10

1240 PRINT TAB(22);"TOOL NUMBER *;LN;" = *;

1250 INPUT * * ,PARR(I,M)

1260 LN=LN#1

1270 NEXT M

1280 NEXT K

1290 REM

1300 REM WRITING THE DATA ONTD THE FILES nn HARD DISK

1310 REN ~me-memmcoccemeocmem—mmmmmmmmmmemmme—m———me

lgfo PRINT #1,USING *#8 "PARR(I 1)5:PRINT #1,USING *¥#% *;PARR{1,2);:PRINT #1,USING "#F *;PARR(]
1

1330 J1=4:KT0T=0

1340 XTOT=KTOT+1

1350 PRINT #1,USING "###.%4 ";PARR(I,J1);
1360 PRINT #1,USING M *;PARR{I,J11);
1370 FOR JA=J1+2 TD J1+10

1380 PRINT #1,USING "% ";PARR(I,JA);
1390 NEXT JA

1400 FOR JAB=J1+11 TO J1+20

1410 PRINT #1,USING *#% *;PARR(I,JAB);
1420 NexT Jn8

1830 =314

1440 IF k70T ¢ 10 THEN GOTO 1340

1450 p¢=" *;PRINT #1,USING *\ \*;A$
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1440 COLOR 30,0:LOCATE 25,14:PRINT P RESS SPACE BAR TOD CONTINUE®
1470 IF INKEY$ < > ** THEN GOTO 1470

1480 PRO$=INKEY$

1490 IF PRO$ ¢ > * * THEN GOTOD 1480

1500 CLS:NEXT |

1510 CLOSE #1

1520 COLOR 11,0:LOCATE 9,14:PRINT STRING$(45,205)

1530 LOCATE 10,17:PRINT *DATA FOR *jNPT;® PART TYPE{S) HAVE BEEN ENTERED®

1540 LOCATE 11,16:PRINT STRING$(45,205):COLOR 30,0

1550 COLOR 30,0:LOCATE 25,14:PRINT *PRESS SPACE BAR TO CONTINUES
1560 IF INKEY$ ¢ > ** THEN 60TO 1560

1570 PROS=INKEY$

1580 IF PROS < > * * THEN 60TO 1570

1590 REM
1600 REM CREATING THE FILE FOR THE PRIDRITY DETAILS

1610 REM -=-=-===mmemmmmmmmmmmemeooomooommoeoom oo

1620 CLS:COLOR 10,0

1630 LOCATE 5,2:INPUT "ENTER FILE NAME FOR STORING PRIORITIES OF THE PART TYPES : *,FILE2S
1640 IF LEN(FILE2$)¢ = 8 THEN GOTO 1670

1650 SOUND 500,10:FILE2¢=" .

1660 LOCATE 5,2:PRINT STRINGS$(70,32):60T0 1630

18470 FILE2$=FILE24+".PRI*

1680 FOR 1JK=1 TO 25:JPRPT(IJK)=0:NEXT I1JK

1690 PRINT:PRINT:PRINT

1700 OPEN FILE2$ FOR OUTPUT AS #1

1710 FOR IPM=1 TO NPT

1720 PRINT TAB(2);*ANY PRIORITY FOR PART TYPE S IPM; [ 1-Yes , 2-No 3 7 %
1730 INPUT * *,IPRIOR

1740 IF IPR10R=1 THEN JPRPT(IPM)=1

1750 NEXT IPM

1760 FOR IPP=1 TO NPT

1770 PRINT #1,USING * $4473 IPP; sPRINT #1,USING * #4*; IPRPT(IPP)
1780 NEXT IPP

1790 CLOSE #1

1800 COLOR 30,0

1810 LOCATE 25,14:PRINT "PRESS SPACE BAR TO0 CONTINUE
1820 IF INKEY$ ¢ > ** THEN 60TD 1820

1830 PROS=INKEYS

1840 IF PROS ¢ > * * THEN 6OTO 1830

1850 REN - -

1860 REM FILE TD STORE LAYDUT DETAILS

1870 REM --

1880 CLS:COLOR 10,0 )

1890 LOCATE 5,2: INPUT *ENTER FILE NAME TO STORE FNS LAYOUT DETAILS : " FILEA$
1900 IF LEN(FILE4$) ¢ = 8 THEN GOTO 1930

1910 SOUND 500, 10:FILE4S=" .

1920 LOCATE 5,2:PRINT STRINGS(70,32):60T0 1890

1930 LOCATE 7,2: INPUT *NUMBER OF MACHINES IN THE SYSTEM = *,NHAC

1940 IF NMAC ¢ = 9 THEN 60TO 1990

1950 SOUND 500,10:LOCATE 9,2:COLOR 12,0
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1960 PRINT *THE PROGRAM CAN HANDLE A MAXIMUM OF 9 NACHINES ONLY®:FOR IL=1 TO 5000:NEXT IL

1970 NMAC=0:LOCATE 7,2:PRINT STRINGS(70,32):LOCATE 9,2:PRINT STRINGS(70,32)

1980 COLOR 10,0:60T0 1930

1990 FILE4$=FILE4$+" LAY®

2000 FOR ID=1 TO 9:DLOM(ID)=0':DULOM(ID)=0':DSTM(I1D)=0": ITRACK(ID)=0:NEXT ID

2010 OPEN FILE4$ FOR OUTPUT AS #1

2020 FOR NUM=1 TO NMAC

2030 PRINT:PRINT TAB(2);°THE LANE ON WHICH MACHINE *;NUM;* 1S LOCATED = "IN

PUT * * ITRACK(NUM)

2040 PRINT TAB(2);"DISTANCE BETWEEN LOADING STATION & MACHINE *;NUM;" [ ats 1 = *;

2050 INPUT ™ *,DLOM(NUM)

2040 PRINT Tnaiz);-nrsvnuce BETWEEN NACHINE *3NUM;* & UNLOADING STATION [ ats 1 = *;

2070 INPUT * *, DULOM (NUM)

2080 PRINT TAB(2);*DISTANCE BETWEEN TOOL CRIB AND THE MACHINE *;NUM;" [ sts ) :

2090 INPUT * *,DSTH(NUM)

2100 PRINT cl,ﬁsxne . #44°; NUM; : PRINT #1,USING * #4"; ITRACK (NUM) 5 :PRINT #1,USING *
RERE. X8 ; DLOMINUN) ;

2110 PRINT ;I.USINE . $449. 48" ;DULON (NUN) ; :PRINT #1,USING * HIR, 127 DSTH(NUN)

2120 NEXT NUM

2130 CLOSE #1

2140 PRINT:PRINT

2150 COLOR 30,0:LOCATE 25,14:PRINT *PRESS SPACE BAR TO CONTINUE"®

2160 IF INKEY$ < > ** THEN 60TO 2140

2170 PRO$=INKEYS

2180 IF PROS < > * * THEN 6070 2170

2190 REN - -

2200 REM FILE TO STORE TIME AND SPEED DETAILS

2210 REM --- -

2220 CLS:COLOR 10,0

2230 LOCATE 5,2: INPUT "ENTER FILE NAME TO STORE TIME AND SPEED DETAILS OF THE M H S : *,FILESS

2240 IF LEN(FILESS) ¢ = 8 THEN 60TD 2270

2250 SOUND 500, 10:FILES$=F ILESS$+* "

2260 LOCATE 5,2:PRINT STRINGS (70,32):60T0 2230

2270 FILES$=FILESS+*, TIN"

2280 OPEN FILES$ FOR OUTPUT AS #1

2290 LOCATE 8,2: INPUT “ENTER SPEED OF THE LOADING ABY [ ats/ain 1 = *,SPAGY
2300 LOCATE 9,2:INPUT "ENTER SPEED OF THE UNLOADING AGV [ ats/min ] = ", SPUABY

2310 LOCATE 10,2: INPUT "ENTER SPEED OF THE TOOL CONVEYOR [ ats/min I = *,SPCON

2320 LOCATE 11,2: INPUT "ENTER TRAVEL TIME FOR THE LOADING CRANE [ ains 1 = *,TTSLO

2330 LOCATE 12,2: INPUT ENTER TRAVEL TIME FOR THE UNLOADING CRANE [ ains 1 = *,TTULSD

2340 PRINT 41,USING * B0 00H*SSPAGV; PRINT #1,USING *  HER.H#R*;SPUAGY;

2330 PRINT #1,USING * 448, 144";SPCON; sPRINT 41, USING * HE AR TTSLO; PRI

NT #1,usING * B A TTULSO
ggbo CLOSE #1
70 COLOR 30,0
2380 LOCATE 21,14:PRINT P RESS GSPACE BAR TOD RETURN®
2390 LOCATE 22, 14:PRINT TO THE MAIN MENU"
2400 IF INKEYS < > ** THEN GOTD 2400
2410 PROS=INKEYS$
2420 IF PROS ¢ > * * THEN 6OTD 2410

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 107 -

2430 60T 350

2440 REN SRSRERERERETRRREREIEIREREREREsEIsssssersassssssesssise

2450 REN ¢ SUBROUTINE TO REVIEW AND ALTER THE EXISTING DATA §

2450 REM SRSRSSERSRSRSISTARRERELERIRNIREREIREEIISRIIRIINUNININS

2470 CLS:COLOR 10,0:LOCATE 5,16:PRINT *OPTIONS THAT ARE AVAILABLE : *

2480 LOCATE 7,21:PRINT *1. PART TYPE DETAILS®

2490 LOCATE 9,21:PRINT *2. PART TYPE PRIORITIES®

2500 LOCATE 11,21:PRINT *3. LAYOUT DETAILS"®

2510 LOCATE 13,21:PRINT *4. TINE AND SPEED DETAILS®

2320 LOCATE 15,21:PRINT *5. QUIT THIS SEGMENT*

2530 LOCATE 18,162 INPUT *ENTER YOUR CHDICE : *,CHO!

2540 IF CHO1 > 0 OR CHOY < & THEN 6OTO 2570

2550 SOUND 500, 10:CHO1=0

2360 LOCATE 18, 16:PRINT STRINGS$ (50,32 :6070 2530

2370 GN CHO1 GOTO 2590,3910,4260,4720,350

2580 REM - ---

2390 REM SUBROUTINE TD REVIEN PART DETAILS

2600 REN - ----

2610 IREC=0

2620 CLS:COLOR 11,0:LOCATE 5,2:PRINT *FILE(S) THAT CONTAIN PART TYPE DETAILS : *;:FILES *C:8.PAR®
2630 PRINT:COLOR 10,0

2640 PRINT:PRINT TAB(2);*ENTER NAME OF FILE CONTAINING PART TYPE DETAILS : *;:INPUT * *,FILE1S:FI
LE1$=FILE1s+*,pAR® ‘
2650 DPEN FILEL$ FOR INPUT AS #1

2860 IREC=IREC+1:IF EOF(1) THEN GOTD 2740

2670 FOR INIR=1 TD 220:PARR(IREC, INIR)=0!:NEXT INIR

2680 INPUT #1,PARR(IREC, 1), PARR(IREC, 2),PARR (IREC, 3)

2690 FOR k=1 T0 10

2700 J1=4+(K-1)421

2710 INPUT #1,PARR(IREC,J1),PARR(IREC,J1+1)

2720 FOR JA=01+42 TO J1+10: INPUT #1,PARR{IREC,JA):NEXT JA
2730 FOR JAB=J1+11 TO J1+20: INPUT #1,PARR(IREC,JAB):NEXT JAB
2740 NEXT K

2750 607D 2660

2760 NTPT=IREC-|

2770 CLOSE 41

2780 INDE=0:CLS:LOCATE 5,2: INPUT "ENTER THE PART TYPE NHDSE DETAIL YOU WANT TO REVIEW : * ,IPA
2790 IF IPA > 25 THEN GOTO 2810

2800 IF PARR(IPA,1) > 0! THEN GOTO 2840

2810 SOUND 500,10:LOCATE 7,2:COLOR 12,0:PRINT "PART TYPE *;IPA;* DOES NOT EXIST - TRY AGAIN *
2820 FOR KL=1 TO 3000:NEXT KL

2830 1PA=0:COLOR 10,0:6070 2780

2830 LOCATE 7,2:COLOR 10,0:PRINT *ENTER THE OPERATION NUNBER OF PART TYPE *;IPA;* YOU WANT T0 REV
IEN + ~;:inpuT * »,LNOP

2830 J11=4+(LNOP-1)1421

2860 1F PARR(IPA,J11)} > 0' THEN 60TQ 2890
2870 SOYND 300, 10: LOCATE 9,2:COLOR 12,0:PRINT "OPERATION # *;LNOP:™ DOES NOT EXIST - TRY AGAIN®

5830 FOR KI=1 TO 2500:NEXT KI:LOCATE 9,2:PRINT STRINGS(75,32):LOCATE 7,2:PRINT STRINGS$(75,32):607
840

2890 LOCATE 9,2:COLOR 11,0:PRINT *OPERATION NUMBER *;LNOP;* OF PART TYPE *;IPA
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2900 PRINT TAB(2);"® .

2910 PRINT TAB(4);INDE+1;",  PROCESSING TIME ----- *;PARR(IPA,J11)

2920 IFTY=PARR(IPA,J11+41):PRINT TAB(&);INDE+2;".  FIXTURE TYPE -------- 3 IFTY
2930 PRINT TAB(&);INDE+3;*.  ALTERNATE MACHINES -- *;

2940 ICDE=0

2950 FOR JAY=J11+2 10 J11+10

2940 ICDE=ICDE+{

2970 TALMAC=PARR(IPA, JAY): IF TALNAC = 0 THEN 6070 3020

2980 IF ICDE > 1 THEN 6OTO 3000

2990 PRINT TALMAC;:60T0 3010

3000 PRINT *ar";1ALMAC;

3010 NEXT JAY

3020 PRINT

3030 PRINT TAB{4);INDE+4;*,  TOOLS REQUIRED ----- "

3040 I1CTA=0

3050 FOR JAT=J11+11 TO J11+20

3040 ICTA=ICTA+1

3070 TALTO=PARR{IPA,JAT): IF TALTO = O THEN GOTOD 3120

3080 IF ICTA > 1 THEN 60TO 3100

3090 PRINT IALTO;:60T0 3110

2100 PRINT *,";IALTO;

3110 NEXT JAT

3120 PRINT

3130 LABS=PARR(IPA,2)

3140 PRINT TAB{h);INDE+3;*,  BATCH SIZE ----m=--m- *sLABS

3150 COLOR 10,0:LOCATE 18,2: INPUT "ANY CHANGES 7O BE MADE [ Y-Yes, N-No 1 ? *,AN$
3160 IF AN$="Y™ OR AN$="y"* THEN 60TO 3210

3170 IF AN$="N" OR AN$="n" THEN GOTQ 3510

3180 SOUND S00,10:AN$=* *

3190 LOCATE 18,2:PRINT STRINGS(50,32):60T0 3150

3200 REM --
3210 REM CHANBING THE DATA
3220 REN
3230 LOCATE 19,2: INPUT “ENTER YOUR CHDICE [ Number before each line 1 : *,CHO2
3240 ON CHO2 6OTO 3270,3310,3350,3450,3550

3250 SOUND 500,10:CHO2=0

3260 LOCATE 19,2:PRINT STRING$(70,32):607T0 3230

3270 REM ---

3280 REM NEW PROCESSING TIME

3290 REM
3300 CLS:LOCATE 22,2:PRINT *NEW PROCESSING TINE FOR OPERATION ®;LNOP;" OF PART TYPE ";IPA;" = "
INPUT * *,PRT1:PARR(IPA,J11)=PRT1:CLS:60TD 2850

3310 REN
3320 REM NEW FIXTURE TYPE
3330 REN
3340 CLS:LOCATE 22,2:PRINT *NEW FIXTURE TYPE FOR OPERATION ";LNOP;* OF PART TYPE ";IPA;"® = ®;:IN
PUT * ", IFTI:PARR(IPA,J1141)=1FT1:CLS:60T0 2850

3350 REN ~-=m=--=—e-ne-

3360 REM NEW MACHINES

3370 REM -----ceemeaae-
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3380 CLS:LOCATE 5,2

3390 FOR INT=J11+2 TO J11+10:PARR(IPA, INT)=0!:NEXT INT

3400 PRINT "POSSIBLE MACHINES FOR OPERATION *;LNOP;* OF PART TYPE *;IPA;* = ";:INPUT * * NALM
3410 FOR 1AL2=1 TO NALN

3420 PRINT TAB(35);"POSSIBILITY ¥ *;IAL2;" = *;:INPUT * *,IMI:PARR(IPA,J11+IAL2+1) =Nt
3430 NEXT TAL2

3440 CLS:60TO 2850

3450 REN -----------

3460 REN NEW TOOLS

3470 REM —----------

3480 CLS:LOCATE 5,2

3490 FOR ING=J11+11 TO J11+20:PARR(IPA, ING)=0':NEXT ING

3500 PRINT *TOOLS REQUIRED FOR OPERATION *;LNOP;* OF PART TYPE *jIPA;® = ®;:INPUT ® *,NTOOL
3510 FOR IALTI=1 TO NTOOL

3520 PRINT TAB(36);°TOOL NUMBER "3IALTI;* = *;:INPUT * *,IT1:PARRUIPA,J11+IALTI+10)=IT!
3530 NEXT TALTI

3540 CLS:60T0 2850

3550 REM =---=-=-===-num=

3560 REM NEW BATCH SIZE

3570 REM
3580 CLS:LOCATE 22,2:PRINT *NEW BATCH SIZE FOR PART TYPE *;IPA;* = %
3590 INPUT * * ,NBI:PARR(IPA,2)=NB1:CLS:G0TD 2850

3600 REM
3610 REM CHECK TO PROCEED FURTHER

3620 REN =======mmm=mmommmceonoman

3630 LOCATE 19,2: INPUT *ANY OTHER PART DETAIL TO BE REVIEWED [ Y-Yes, N-No 1 ? *,AN$

3640 IF AN$="Y" OR AN$="y" THEN GOTO 2780

3650 IF ANS="N" OR AN$="n* THEN GOTO 3690

3660 SOUND 500, 10:ANS=" *

3670 LOCATE 19,2:PRINT STRINGS (70,32) :GOTO 3630

3680 REM T TETRTEEEER

3690 REM PUTTING BACK THE DETAILS IN THEIR FILES

3700 REN -- ----

3710 OPEN FILELS FOR OUTPUT AS #1

3720 FOR IPR=1 TO 25

3730 IF PARR(IPR,1) = 0' THEN GOTO 3890 :

3740 PRINT 41,USING *## *;PARRCIPR,1);:PRINT #1,USING "$84 *;PARR(IPR,2);:PRINT #1,USING *##
“;PARR(IPR,3)}

3750 J1=4:KTOT=0

3760 KTOT=KTOT+

3770 PRINT #1,USING "848, 4% *;PARR(IPR,J1);

3780 PRINT #1,USING *M4 *;PARR(IPR,J1+1);

3790 FOR JA=J1+2 T0 J1+10

3800 PRINT R1,USING " *;PARR(IPR,JA);

/O NEXT JA

3820 FOR JAB=J1+11 TO J1+20

3830 PRINT #1,USING *#% *;PARR(IPR,JAB);

3840 NEXT JAB

/50 J1=31+2

3860 IF KTOT < 10 THEN GOTO 3760
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3870 A$=" ":PRINT #{,USING "\ \";A$

3880 NEXT IPR

3890 CLOSE M

3900 60T0 2440

3910 REM -——-

3920 REM SUBROUTINE TD REVIEW PRIORITY DETAILS

3930 REM - --

3940 CLS:COLOR 11,0:LOCATE 5,2:PRINT *FILE(S) THAT CONTAIN PRIORITY DETAILS FOR VARIOUS PART TYPE
St ";:FILES *C:$.PRI”

3950 COLOR 10,0:PRINT:PRINT TAB(2);"ENTER NAME OF FILE CONTAINING PRIORITY DETAILS : ®;:INPUT * *
yFILE2$:FILE2$=FILE2$+" ,PRI"

3960 IPRIOR=0:FOR IPG=1 TO 25:JPRPT(IPG)}=0:NEXT IPG

3970 OPEN FILE2$ FOR INPUT AS %!

3980 IPRIOR=IPRIOR+i:IF EOF (1) THEN 6070 4010

3990 INPUT #1,IPX,JPRPT(IPRIOR)

4000 &0TD 3980

4010 CLOSE 1

4020 CLS:COLOR 11,0:LOCATE 5,2:PRINT *PRIDRITY DETAILS FOR THE PART TYPES *

4030 LOCATE &,2:PRINT *
4040 FOR IPM=1 TO IPRIOR-1

4050 IF JPRPT(IPM} = t THEN PRNT$="YES" ELSE PRNT$="ND"

4050 PRINT TAB(&):IPM;". PRIORITY FOR PART TYPE ";IPM;" --- ";PRNTS

4070 NEXT IPM

4080 COLOR 10,0:LOCATE 22,2: INPUT "ANY CHANGES 70 BE MADE [ Y-Yes, N-No 1 ? *",ANS$
4090 IF AN$="Y" OR ANS$="y" THEN GOTO 4130

4100 IF AN$="N* OR AN$="n" THEN GO0TD 4200

4110 SOUND 500,10:AN$=* *

4120 LOCATE 22,2:PRINT STRING$(70,32):60T0 4080

4130 LOCATE 23,2:INPUT "ENTER YOUR CHOICE [ Number before each line 1 : *,ICHO3
4140 IF ICHOZ > O AND ICHO3 ¢ IPRIOR THEN GOTC 4170

4150 SOUND 500,10:ICHO3=0

4160 LOCATE 23,2:PRINT STRING$(70,32):60T0 4130

4170 CLS:LOCATE 22,2:PRINT "NEW PRIORITY FOR PART TYPE [ 1-Yes , 2-No 1 *;ICHO3;" = ";:INPUT * ¥,
JPRPT(ICHO3)

4180 IF JPRPT(ICHO3) = { OR JPRPT(ICHO3) = 2 THEN 6OTO 4020

4190 SOUND 500,10:LOCATE 22,2:PRINT STRINGS(70,32):607T0 4170

4200 OPEN FILE2$ FOR OUTPUT AS H

4210 FOR IPT=1 TO IPRIOR-1

4220  PRINT #1,USING * #4887 IPT; :PRINT #1,USING * ##"; JPRPT(IPT)
4230 NEXT IPT

4240 CLOSE

4250 6070 2440

4260 REN -- ---

4270 REM  SUBROUTINE FOR REVIEWING LAYOUT DETAILS

4280 REN =-=mm-memmmmmee SR

4290 CLS:COLOR 11,0:LOCATE 5,2:PRINT *FILE(S) THAT CONTAIN THE FMS LAYOUT DETAILS : *;:FILES °C:t
LAY

4300 COLOR 10,0:PRINT:PRINT TAB(2);"ENTER THE NAME OF THE FILE THAT CONTAINS THE LAYOUT DETAILS :

";:INPUT * ", FILE4$:FILEA$=FILE4S$+" LAY"
4310 IMC=0: FUR IMB=1 TO 9:DLOM(IMB)=0':DULOM(INB)=0':DSTM(INB)=0": ITRACK{IMB) =0: NEXT INB
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4320 OPEN FILEA$ FOR INPUT AS ¥1

4330 IMC=IMC+1:1F EOF (1) THEN GOTO 4340

4340 INPUT #1,NUM, ITRACK (IMC),DLGM (IMC),DULOM(IMC), DSTH(IMC)

4350 60TO 4330

4350 CLOSE H

4370 CLS:LOCATE 5,2:COLOR 10,0:PRINT *ENTER THE MACHINE WHOSE LAYOUT DETAIL YOU WANT 70 REFER T0

s *;:INPUT * *,MAC

4380 TH=INC-1

4390 IF MAC > O AND MAC < TM+1 THEN GOTO 4420

4400 SOUND 500,10:MAC=0

4410 COLOR 12,0:LOCATE 7,2:PRINT *SYSTEN HAS ONLY *;IMC-1;" MACHINES - TRY AGAIN*:FOR KL = 1 70 3

000:NEXT KL:LOCATE 5,2:PRINT STRINGS$(70,32):60T0 4370

4420 COLOR 11,0:LOCATE 7,2:PRINT *1. THE LANE ON WHICH MACHINE *;MAC;* IS LOCATED ---------- "1

TRACK (MAC)

4430 LOCATE B8,2:PRINT *2. DISTANCE BETWEEN MACHINE ";MAC;" AND LOADING STATION -- *;DLOM(MAC)

4440 LOCATE 9,2:PRINT *3. DISTANCE BETWEEN MACHINE *;MAC;® UNLOADING STATION ---- ®;DULOM(MAC)

4450 LOCATE 10,2:PRINT *4. DISTANCE BETWEEN NACHINE *;MAC;* AND TOOL CRIB -------- *+ DSTH (MAC)

4450 COLOR 10,0:LOCATE 15,2:INPUT "ANY CHANGES TO BE MADE [ Y-Yes, N-No 1 2 *,ANS

4370 IF AN$="Y* OR AN$="y" THEN 6070 4510

4480 IF AN$="N* OR AN$="n" THEN GOTO 4400

4490 SOUND 500,10:AN$=" *

4500 LOCATE 15,2:PRINT STRING$(50,32): GOTO 4440

4510 LOCATE 1&,2: INPUT *ENTER YOUR CHOICE [ Nusber before each line 1 : *,INDI

4520 IF INO1 > O AND IND! ¢ 5 THEN GOTO 4550

4530 SOUND 500,10: IH01=0

4540 LOCATE 14,2:PRINT STRING$(70,32):60T0 4510

4550 ON INOY 6OTO 4560,4570,4580, 4590

4550 CLS:LOCATE 20,2:PRINT "THE NEW LANE ON WHICH MACHINE *;MAC;* IS LOCATED = *;:INPUT * *,ITRAC

K(MAC):CLS:60T0 4420

4570 CLS:LOCATE 20,2:PRINT *NEW DISTANCE BETHEEN MACHINE ";MAC;* AND LOADING STATION = *j:INPUT *

*, DLOM(MAC) :CLS:60TO 4420
4580 CLS:LOCATE 20,2:PRINT "NEW DISTANCE BETWEEN NACHINE *;MAC;® AND UNLOADING STATION = *j:INPUT
“ * DULOM(MAC) :CLS: 6070 4420

4590 CLS:LOCATE 20,2:PRINT "NEW DISTANCE BETWEEN MACHINE *;MAC;* AND THE CENTRAL TOOL STORAGE = *

$tINPUT * *,DSTM{MAC):CLS: GOTO 4420

4500 LOCATE 16,2: INPUT *ANY MORE NACHINE LAYOUT DETAILS TO BE REVIEWED [ Y-Yes , N-No 1 ? *,AN$

4610 IF ANS="Y* OR ANS="y" THEN GOTO 4370

4620 IF ANS="N* OR AN$="n" THEN GOTO 4450

4630 SOUND 500,10:ANS=" *

4640 LOCATE 14,2:PRINT STRING$(70,32):60T0 4400

4650 OPEN FILE4$ FOR OUTPUT AS 1

4660 FOR NMA=1 TO IMC-1

8670  PRINT #1,USING *  #44°;NNA;:PRINT #1,USING *  ##";ITRACK(NNA) ;:PRINT #1,USING *
RENE.B1"; DLOMINNA);

4680  PRINT #1,USING * #8588 84";DULOM(NNA) ;:PRINT #1,USING *  $4¥4. 84" ;DSTH (NMA)

4690 NEXT NMA .

4700 CLOSE #1

4710 GOTO 2440

4720 REN

4730 REM SUBROUTINE TO CHANGE THE SPEED AND TINE DETAILS OF THE MHS
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4740 REN -

4750 CLS:COLOR 11,0:LOCATE S5,2:PRINT *FILE(S) THAT CONTAIN TIME AND SPEED DETAILS OF THE M H S

1 ";:FILES "C:8. TIH'

4760 COLOR 10,0:PRINT:PRINT TAB(2);:INPUT “ENTER NAME OF FILE THAT CONTAINS THE SPEED DETAILS : °*
JFILESS :FILESS=FILESS+*.TIN"

4770 OPEN FILESS FOR INPUT AS #1

4780 INPUT #1,5PABY,SPUAGY,SPCON,TTSLD, TTULSO

4790 CLOSE #1

4800 CLS:COLOR 11,0

4810 LOCATE 5,2:PRINT *SPEED AND TRAVEL TINE DETAILS OF THE M H S *

4820 LOCATE 6,2:PRINT * *

4830 LOCATE B,Z.PRINT *1. SPEED DF THE LOADING ABV -----===smseme-m *;SPAGV; " [ats/ainl)®
4840 LOCATE 9,2:PRINT ®2. SPEED OF THE UNLOADING AGV -==-====---- *;SPUAGV; " [mts/minl®
4850 LOCATE 10,2:PRINT "3, S5PEED OF THE TODL CONVEYOR ---===------ *;SPCON;® [ats/minl®
4860 LOCATE 11,2:PRINT "4. TRAVEL TIME FOR THE LOADING CRANE ----- *;TTSLO; *Cains]

4870 LOCATE 12,2:PRINT *S. TRAVEL TIME FOR THE UNLOADING CRANE --- "3TTULSO;"[mins]®

4880 COLOR 10,0:LOCATE 15,2: INPUT "ANY CHANGES TO BE MADE [ Y-Yes, N-No ] ? *,AN$

4B90 IF AN$="Y" OR AN$="y" THEN 6OTO 4930

4900 IF AN$="N" OR AN$="n" THEN GOTO 5030

4910 SOUND 500,10:ANS=" "

4920 LOCATE 15,2:PRINT STRINGS$(70,32):60T0 4880

4930 LOCATE 16,2: INPUT °ENTER YOUR CHOICE [ Nuaber before each line ] : *,ISP1

4940 IF ISP1 > O AND ISP! ¢ & THEN 60TO 4970

4950 SOUND 500,10: I5P1=0

4960 LOCATE 16,2:PRINT STRING$(70,32):60T0 4930

4970 ON 15P1 60TO 4980,4990,5000,5010,5020

4980 CLS:LOCATE 20,2:INPUT "NEW SPEED OF LOADING AGV [ mts/amin ] = *,SPAGV:GOTO 4800

4990 CLS:LOCATE 20,2: INPUT *NEW SPEED OF THE UNLOADING AGV [ mts/ain 1 = *,5PUAGV:GOTD 4800
5000 CLS:LOCATE 20,2:INPUT *NEW SPEED OF THE TOOL CONVEYOR [ ats/ain 1 = *,SPCON:G60TO 4800
5010 CLS:LOCATE 20,2: INPUT *NEW TRAVEL TIME FOR THE LOADING CRANE [ sins 1 = *,TTSLO:60T0 4800
5020 CLS:LOCATE 20,2:INPUT "NEW TRAVEL TINE FOR THE UNLOADING CRANE [ mins 1 = *,TTULS0:6070 4800
3030 OPEN FILES$ FOR OUTPUT AS #1

3040 PRINT #1,USING " $#%, 288" ;SPAGV; :PRINT #1,USING * $44, $44"; SPUAGY; :PRINT #1,USI
NG *® BRS. 481" ;5PCON;
3050 PRINT #1,USING * $A8. 344" TTSLO; : PRINT 31,USING * $48, HH°; TTULSO

3060 CLOSE #1

3070 €OTO 2440

3080 REN $#8888utssasaesatssssassasss st s assssessssnsasssss
3090 REM t SUBROUTINE TO APPEND DATA TO THE EXISTING FILES #
100 REM SRSSSRRRRsasassagesss sz assasssasassasasasssssssssss
3110 CLS:LOCATE 7,14:COLOR 10,0:PRINT "OPTIONS THAT ARE AVAILABLE : *
3120 LOCATE 10,21:PRINT "1, ADD ANOTHER PART TYPE"

3130 LOCATE 12,21:PRINT *2, ADD ANOTHER MACHINE *

3140 LOCATE 14,21:PRINT "3, AQUIT THIS SEGMENT®

3130 LOCATE 17,16:INPUT *ENTER YOUR CHOICE : *,CHO4

3160 IF CHO4 > 0 OR CHO4 < 4 THEN 6OTO 5190

3170 SOUND 500,10:CHO4=0

3180 LOCATE 17,16:PRINT STRING$(70,32):60T0 5150

3190 ON CHO4 607D 5200,5980,350

3200 REM s-ssmessscmesceossos
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3210 REM ROUTINE TO APPEND PART TYPE
3220 REM ---
9230 CLS:LOCATE 5,2:COLOR 11,0:PRINT “FILE(S) THAT CONTAIN PART TYPE DETAILS : ";:FILES *C:#.PAR"
3240 COLOR 10,0:PRINT:PRINT TAB(2);:INPUT “ENTER NAME OF FILE THAT CONTAINS PART TYPE DETAILS : *
yFILE1S:FILEI$=FILE1$+",PAR"

3250 CLS:COLOR 11,0:LOCATE S5,2:PRINT "FILE(S) THAT CONTAIN PRIORITY DETAILS : ®;:FILES "C:%.PRI®

3260 COLOR 10,0:PRINT:PRINT TAB(2);:INPUT "ENTER NAME OF FILE THAT CONTAINS PRIORITY DETAILS : *,
FILE2$:FILE2$=FILE2$+" ,PRI"

3270 IREC=0:IPRIOR=0

3280 OPEN FILE1$ FOR INPUT AS #1

3290 IREC=IREC+1:KT0T=0:IF EOF (1) THEN 60TO 5390

3300 FOR INY=1 TO 220:PARR(IREC, INY)=0':NEXT INY

3310 INPUT #1,PARR(IREC,!),PARR(IREC,2),PARR(IREC,3J)

3320 FOR K=1 70 10

3330 J11=4+{K-1)321

3340 INPUT #1,PARR(IREC,J11),PARRIIREC,J11+1)

3350 FOR JA=J11+2 TO J11+10: INPUT #1,PARR(IREC,JA):NEXT JA
3360 FOR JAB=J11+11 TO J11+20: INPUT #1,PARR(IREC,JAB):NEXT JAB
3370 NEXT K

3380 6070 5290

3390 NTPT=IREC

9400 CLOSE #1

3410 FOR JHY=1 TO 25:JPRPT(JHY)=0:NEXT JHY

3420 OPEN FILE2$ FOR INPUT AS #2

3430 IPRIOR=1PRIOR+1: IF EOF(2) THEN GOTO 5460

3440 INPUT #2,1PE,JPRPT(IPRIOR)

3450 GOTO 5430

3460 CLOSE 42

3470 NPTY=IPRIOR

3480 OPEN FILE1$ FOR APPEND AS #1

3490 L1=1:M1=1

3500 FOR IND=1 TO 220:PARR(NTPT, IND)=0':NEXT IND

3310 CLS:COLOR 10,0:LOCATE 7,2:PRINT "DATA FOR PART TYPE ";NTPT
3520 LOCATE 8,2:PRINT *
3530 LOCATE 9,2:PRINT "BATCH SIZE = ";:INPUT " ",NBS

3340 LOCATE 10,2:PRINT *NUMBER OF OPERATIONS = ®;:INPUT * *,NOPS

3330 PARR(NTPT, 1)=NTPT:PARR(NTPT,2)=NBS: PARR(NTPT, 3) =NOPS

3560 FOR K=1 TO NOPS

3970 J1=4+(K-1) 121

3580 PRINT:PRINT TAB(2);"PROCESSING TIME FOR OPERATION *;K;® = ";:INPUT * *,PARRINTPT,J1)

3390 PRINT TAB(?)"FIXTURE TYPE FOR OPERATION ";K;*" ";eINPUT * ° PARR(NTPT Ji+l)
3600 PRINT TAB(2);"POSSIBLE MACHINES FOR OPERATION ";K;* = ®;:INPUT * *,NALM

3610 Li=1

3620 FOR L=J1+2 TO J1+NALM+}

3630 PRINT TAB(20);"POSSIBILITY #";LJ;" = ";:INPUT * *,PARR(NTPT,L)

3640 LJ=Ld+1

3650 NEXT L

3660 Li=L1+9
3670 PRINT TAB(2);"TODLS REGUIRED FOR OPERATION *;K;*® = "ysINPUT * *,NTOOL
3680 LN={
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3690 FOR M=J1+11 70 J1+NTGOL+10

5700 PRINT TAB(20);"TOOL NUMBER *;LN;* = ";:INPUT * * ,PARR(NTPT,N)

5710 LN=LN+{

5720  NEXT M

5730 Ni=M1+10

5740 NEXT K

5750 PRINT #1,USING *#% ";PARR(NTPT,1);:PRINT #1,USING *#8% *;PARR(NTPT,2);:PRINT #1,USING "84 *;
PARR (NTPT, 3)3

5760  J3=4:KT0T=0
5770 KTOT=KTOT+1

5780 PRINT #1,USING "#A#.8% ";PARRINTPT,I3);

5790 PRINT #1,USING “#% ";PARRINTPT,J3+1);

5800  FOR JA=J3+2 TO J3+10:PRINT #1,USING *¥ *;PARR(NTPT,JA);:NEXT JA

S810  FOR JAB=J3+11 TO J3+20:PRINT R1,USING "## *;PARR(NTPT,JAB);:NEXT JAB

5820  J3=d3+21

5830  IF KTOT < 10 THEN 6070 5770

S840  A$=" *:PRINT H1,USING "\ \";A$

5850 OPEN FILE2$ FOR APPEND AS #2

5840 PRINT:PRINT:PRINT TAB(2);*ANY PRIORITY FOR PART TYPE ";NPTY;" [ 1-Yes , 2-No 1 ? *;:INP

ur * *,IPRO
2870 IF IPRD=1 THEN JPRPT(NPTY)=1
3880 PRINT ¥2,USING " $RR";NPTY; :PRINT #2,USING * #1"; JPRPT(NPTY)

5890 CLOSE #2

3900 PRINT:PRINT TAB(2);:INPUT "ANY MORE ADDITIONS [ Y-Yes, N-No 1 7 °,AN$
3910 IF AN$="Y" OR ANS$="y" THEN GOTO 5930

3920 IF AN$="N" OR AN$="n" THEN 60TO 5940

3930 NPTY=NPTY+1:NTPT=NTPT+1:60T0 5490

3940 CLOSE #1:6070 5080

3950 SOUND 500,10:AN$=" *

3960 LOCATE ,,2:PRINT STRING$(70,32): 60TD 5900

9970 REM --
3980 REM ADDITION OF ANOTHER MACHINE

3990 REN --- --=-

6000 CLS:COLOR 11,0:LOCATE 5,2:PRINT *FILE(S) THAT CONTAIN THE FNS LAYOUT DETAILS : ";:FILES "C:#
.LAY®

6010 COLOR 10,0:PRINT:PRINT TAB(2);"ENTER NAME OF FILE THAT CONTAINS THE FMS LAYOUT DETAILS & “i:
INPUT * * FILE4S$:FILE4$=FILE4$+" . LAY"

6020 ILA=0

6030 FOR MA=1 TO 9:DULON(MA)=0':DLOM(MA)=0!:DSTHM(MA)=0": ITRACK (MA)=0:NEXT MA

6040 OPEN FILE4$ FOR INPUT AS #1

6050 ILA=ILA+1:IF EOF(1) THEN 6OTO 4080

6060 INPUT #t,ILT,ITRACK(ILA),DLOM{ILA),DULOM{ILA),DSTH(ILA)

6070 60TO 6050

6080 CLOSE #1

6090 IF ILA ¢ 10 THEN GOTO 4180

6100 COLOR 11,0

6110 LOCATE 10,16:PRINT *SORRY, BUT THE SIMULATION MODEL CAN ONLY ALLOW A °

6120 LOCATE 12,16:PRINT "MAXINUM OF NINE MACHINES. YOU ARE EXCEEDING THE "

6130 LOCATE 14,16:PRINT *LINITS OF THE SIMULATION MODEL. ":COLOR 30,0:LOCATE 22,14

6140 PRINT "PRESS SPACE BAR TO CONTINUE®
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6150 IF INKEYS ¢ > *" THEN &DTO 4150

6160 PRO$=INKEY$

170 IF PRO$ ¢ > * " THEN €0TO &160

6180 OPEN FILE4S FOR APPEND AS ¥l

6190 CLS:COLOR 11,0:LOCATE 5,2:FRINT "LAYOUT DETAILS FOR MACHINE *;ILA
6200 LOCATE 6,2:PRINT * - y

6210 COLOR 10,0:LOCATE B,2:PRINT "THE LANE ON WHICH MACHINE *;ILA;* IS LOCATED = "5
INPUT * ", ITRACK(ILA)

6220 LOCATE 9,2:PRINT "DISTANCE BETWEEN MACHINE *;ILA;" AND THE LOADING STATION

"ssINPUT * ,D

LOM{ILA)

6230 LOCATE 10,2:PRINT "DISTANCE BETWEEN MACHINE ";ILA;" AND UNLOADING STATION = *;:INPUT * °,

DULGH(ILA)

6240 LOCATE 11,2:PRINT *DISTANCE BETWEEN MACHINE *;ILA;® AND THE TOOL STORAGE = "yeINPUT * %,

DSTH(ILA)

6250 PRINT #1,USING " #4475 [LA; :PRINT #1,USING * $4°; ITRACK (ILA) ; :PRINT #1,USING *
SERE ¥R DLOMCILA);

6260 PRINT #1,USING * #3d4. B4";DULOM(ILA) 5 :PRINT #1,USING * #4448, 4" DSTHUILA)

6270 LOCATE 13,2:INPUT "ANY MORE ADDITIONS [ Y-Yes, N-No ] ? ",ANS$

6280 IF AN$="Y" OR AN$="y" THEN ILA=ILA+1:60T0 6090 ELSE 6290

6290 IF AN$="N" OR AN$="n" THEN 60TO 6320

6300 SOUND 500,10:AN$=" *

6310 LOCATE 12,2:PRINT STRINGS(560,32):60T0 6270

6320 CLOSE #1:60T0 5080

6330 REM S3ERSRS88R8IRastatasasasassssssssiasy

6340 REM $ SUBROUTINE TO PRINT OUT PART DETAILS ¢

6350 REM SSRESRSITOBALRIRSLISLRIITLRLISLLLLLIRIINL

6360 CLS:COLOR 1!,0:LOCATE 5,2:PRINT *FILE{(S) THAT CONTRIN PART TYPE DETAILS : *;:FILES *C:1.PAR*
6370 PRINT:COLOR 10,0

6380 PRINT TAB{(2);"ENTER NANE OF FILE CONTAININE PART TYPE DETAILS : ";sINPUT * *,FILE{$:FILE1$=F
ILE1$+* ,PAR"

6390 IREC=0

6400 OPEN FILE1$ FOR INPUT AS #1

6410 IREC=IREC+1:KTOT=0:IF EOF (1) THEN 6OTO 6520

6420 FOR INR=! TO 220:PARR{IREC, INR)=0':NEXT INR

6430 INPUT #1,PARR(IREC,1),PARR(IREC,2),PARR(IREC,3)

6440 FOR K=1 TB 10

6450 J4=4+(K-1)421

6440 INPUT #1,PARR(IREC,J4)

6470 INPUT #1,PARR(IREC,J4+1)

6480 FOR JA=J4+2 TO J4+10: INPUT #1,PARR(IREC,JA):NEXT JA
6490 FOR JAB=J4+11 TO J4+20: INPUT #1,PARR(IREC,JAB}:NEXT JAB
6500 NEXT X

6510 6OTO 6410

6520 NTPT=IREC-1

6530 CLOSE #1:CLOSE #3

6540 CLS:COLOR 11,0

6350 SOUND S00,20:LOCATE 11,21:PRINT *PLEASE SWITCH ON THE LINE PRINTER®

6560 LOCATE 15,21:PRINT “POSITION THE PAPER IN THE PRINTER"

6370 LOCATE 22,14:COLOR 30,0:PRINT "PRESS SPACE BAR 70 CONTINUE"
6380 IF INKEY$ < > " THEN 60TO 4580
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6590 PROS=INKEY$

6600 IF PROS ¢ > " ® THEN GOTO 6590

6610 CLS:COLOR 11,0:LOCATE 13,20:PRINT "PRINTING OF PARYT TYPE DETAILS IN PROGRESS*
6620 LPRINT:LPRINT CHR$(27)CHR$(15);:WIDTH "LPT{:",132

6630 LPRINT TAB(I1);"P ART TYPE DETATILS"

6640 LPRINT TAB(ll):“l T T T T T

64650 LFRINT TAB(!I);'l Pa}t | Batch | Opn | Proc. | FT | Machine(s)
Tools required .
6660 LPRINT TAB(II);'| Type | Size | No. | Time | |

6670 LPRINT TAB(I!);“f i i i f i

6680 FOR LN=1 TO NTPT

6690 IF PARR(LN,1)=0' THEN GOTO 7080

6700 LPRINT TAB(!I);'|“;TAB(13);LN;

6710 LABS=PARR(LN,2) :LPRINT TAB(18);"|“;TAB(21);LABS;

6720 LNOP=PARR(LN,3):J11=4:J21=1

6730 FOR MN2=1 TO LNOP

6740 LPRINT TAB(26)3"|"; TAB(28) ;MN2;

6750 LPRINT TAB(32);"[";:LPRINT USING * ###.4%  ";PARR(LN,J11);
6760 LPRINT TAB(44);"|";: IFTY=PARR(LN,J11+1):LPRINT TAB(44);IFTY;
6770 LPRINT TAB{49);*| *;

6780 ICDE=0

6790 FOR JA=J11+2 TO J11+10: IALNAC=PARR(LN, JA}
6800 ICDE=ICDE+]

6810 IF TALMAC=0 THEN 60TO &850

6820 IF ICDE > 1 THEN 60TO 6840

6830 LPRINT USING "#";IALMAC;:60T0 4850
6840 LPRINT USING "or#"; IALMAC;

4850  NEXT JA
6860 LPRINT TAB(79);*| %

6870 ICTA=0

6880 FOR JAB=J11+%1 TO J11+20: IALTD=PARR (LN, JAB)
6890 ICTA=ICTA+!

6700 IF T1ALTO=0 THEN 60TO 4950

6910 IF ICTA > 1 THEN 60TO 6930

4920 LPRINT USING "#%*;IALTO;:60TO 6940
6930 LPRINT USING *,#8“;1ALTO;

6940 NEXT JAB

6950 LPRINT TAB(I!Z);'L“:Jll=Jll+2!:J21=J21+l
6960 IF MN2=LNOP THEN &OTO 6980

6970 LPRINT TAB(11);°| | gt

6980 NEXT MN2

6990 IF LN=NTPT THEN 6OTO 7010

—r

7000 LPRINT TABI11); *|———y — P—
7010 NEXT LN !
7020 LPRINT TAB(11);"t : L L
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7030 LOCATE 22,14:COLOR 30,0:PRINT "PRESS SPACE BAR TO CONTINUE®

7040 IF INKEYS < > "" THEN 60TO 7040

7050 PRO$=INKEY$

7050 IF PRO$ < > * ™ THEN &0TQ 7050

7070 FOR I=1 TO 3:LPRINT:NEXT I

70B0 CLS:LOCATE 5,2:COLOR 11,0:PRINT *FILE(S) THAT CONTAIN PRIORITY DETAILS : ";:FILES "C:$.PRI"
7090 COLOR 10,0:PRINT:PRINT TAB(2);"ENTER FILE NAME CONTAINING PRIORITY DETAILS : *;:INPUT * °,FI
LE2$:FILE2$=FILE2$+".PRI"

7100 CLS:LOCATE 13,20:COLOR !1,0:PRINT "PRINTING OF PRIORITY DETAILS IN PROGRESS”

7110 IPRIOR=0:FOR JH=1 TO 25:JPRPT(JH)=0:NEXT JH

7120 OPEN FILE2$ FOR INPUT AS #1

7130 IPRIOR=IPRIOR+1sIF EOF (1) THEN 6OTO 7160

7140 INPUT #1,IPT,JPRPT(IPRIOR)

7130 6070 7130

7160 CLOSE #1

7170 LPRINT TAB(11);"PRIORITY DETAILS"

7180 LPRINT TAB(11)3* .

7190 LPRINT TAB(11);*! Part | Priority {*;TAB(41);*$$¢ { INDICATES PRIORITY"
7200 LPRINT TAB(11)3*| Type “sTAB(41)3* 0 INDICATES NO PRIORITY®
7210 LFRINT TAB{11);* .

7220 FOR JH=1 TO IPRIOR-1
7230 LPRINT TAB(ll);“|';TAB(13);JH;TAB(18);'| *;JPRPT(JH) ;TAB(29)5°|*

7240 NEXT JH

7250 LPRINT TAB(11);"t L 1"

7240 LOCATE 22,14:COLOR 30,0:PRINT “PRESS SPACE BAR TO CONTINUE®

7270 1F INKEY$ < > *" THEN 60T0 7270

7280 PRO$=INKEY$

7290 IF PRO$ < > " " THEN 60TO 7280

7300 CLS:COLOR 11,0:LOCATE 5,2:PRINT *FILE(S) THAT CONTAIN THE SYSTEM LAYOUT DETAILS : "::FILES ®
Cet.LAY"

7310 COLOR 10,0:PRINT:PRINT TAB(2);"ENTER NAME OF FILE THAT CONTAINS THE SYSTEM LAYOUT DETAILS :
*:1INPUT * *,FILE4$:FILEAS=FILE4S+" . LAY"

7320 IMM=0:FOR IFC=1 TO 9:DLOM(IFC)=0':DULOM{(IFC)=0':DSTH(IFC)=0"':ITRACK(IFC)=0:NEXT IFC

7330 OPEN FILEAS$ FOR INPUT AS #1

7340 IMM=1MM+1:1F EDF (1) THEN 60TD 7370

7350 INPUT #1,IMD, ITRACK(IMM),DLOM(INM),DULON(IMM) ,DSTH(IKN)

7360 GOTD 7340

7370 CLOSE #1

7380 LPRINT CHR$(12);

7390 CLS:COLOR 11,0:LDCATE 13,20:PRINT *PRINTING SYSTEM LAYOUT DETAILS IN PROGRESS"

7400 LPRINT TAB(11);*SYSTEM LAYOUT DETAILS *

7410 LPRINT TAB(11);"
7420 LPRINT TAB(11);"| Machine | Lane Loading Unloading | Central Tool
7430 LPRINT TAB(11);" Station Station Storage
7430 LPRINT TAB(11);*®
7430 FOR IMF=1 TO IMM-1

7460 LPRINT TAB(II);“&';TAB(!&);IHF;TAB(ZI);"A';TAB(24);ITRACK(IHF);TAB(ZB);'|';TAB(32);DLOH(IHF)
jTAB(40) ;™1 *; TAB(44) ;DULDN (INF) 3 TAB(S2) 5 ° | *; T B{57) ;DSTH(INF); TAB(67) ;" |"

7470 NEXT IMF

7480 LPRINT TAB(11);"L L L L 1 ™
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7490 LOCATE 22,14:COLOR 30,0:PRINT *PRESS SPACE BAR TO CONTINUE®

7500 IF INKEY$ < > ** THEN 60TO 7300

7510 PROS=INKEYS

7320 IF PRO$ < > * * THEN &OTO 7310

7530 CLS:COLOR 11,0:LOCATE 5,2:PRINT *FILE(S) THAT CONTAIN THE TIME AND SPEED DETAILS OF THE NHS
¢ ":FILES *C:t.TIN®

7540 COLOR 10,0:PRINT TAB(2);*ENTER THE NAME OF FILE THAT CONTAINS THE DETAILS OF M H S5 : *5:IN

PUT * *,FILES$:FILESS$=FILES$+".TIN"

7350 DPEN FILESS FOR INPUT AS #1

7560 INPUT #1,SPAGY, SPUAGY, SPCON, TTSLO, TTULSO

7570 CLOSE %1

7380 CLS:COLOR 11,0:LOCATE 13,20:PRINT "PRINTING OF M H S DETAILS IN PROGRESS®

7390 FOR IP=1 TO S:LPRINT:NEXT IP

7500 LPRINT TAB(11);"TIME AND SPEED DETAILS OF THE MATERIAL HANDLING SYSTEMS®

7610 LPRINT TAB(11);*" .

7620 LPRINT

7630 LPRINT TAB(11);“SPEED OF THE LOADING ABV —————ee—— ";5PAGV;" [mts/ainl”
7640 LPRINT TAB(11);"“SPEED OF THE UNLOADING AGY -——————-— ";5PUAGV;" [ats/minl"
7650 LPRINT TAB(11);"SPEED OF THE TOOL CONVEYOR ————————— ";5SPCON;" [ats/minl”
7660 LPRINT TAB(11);"TRAVEL TIME FOR THE LOADING CRANE —— *;TTSLO;*[minsl®

7670 LPRINT TAB(11);"TRAVEL TIME FOR THE UNLOADING CRANE — ";TTULSD;"[amins]®
7680 6070 350
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SIHULATIDN NODEL FOR THE FLEXIBLE MANUFACTURING SYSTEM

DISCRETE EVENT SEGMENT-1

AUTHOR - THIRUVENGADAM RAVI
GRADUATE STUDENT
DEPARTMENT OF INDUSTRIAL ENGINEERING
UNIVERSITY OF WINDSOR

[ 2 e I 2 B o N o B e K or BN oo BN or B o B 2 B e N 2 BN o B 9 |

C texasantasss

C METACOMMANDS

C ssssxsssasss

$STORABE: 2

$NOTSTRICY

$PAGESIZE: 60

$LARGE

$LINESIZE:132

$NOFLOATCALLS

c

C sasssspenssensss

C THE MAIN PROGRAM

C sersessresssssst
PROGRAM MAIN

COMMON/SCOMI/ATRIB(100},D0 (100}, DDL (100}, DTNOW, I1,NFA, HSTOP,
LNCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, 55 (100) , S5L (100 , TNEXT,
LTNON, XX (100)

COMMON/UCOM1/1COM, IDEOP, 100, 1ENT, IPAS, IPCC, ISRFOL, ISTCO, ITOPA,
%JRU, JCHAQ, HAQ, N1G, NMAC, NRANK, NTPT, TALTA(9) , IDLEE(9) , IDAU(T)

CONMON/UCON2/ JPCRA, PRINT, SPAGY, SPCON, SPUAGV, TTSLD, TTULSO, DLON(9)
4DULOM(9),DSTH(9) , NF (30}, PARR {25, 220} , MNF (30) , ITRACK (9)

COMMON/UCON3/1TCS(9), MACAG () ,KTM(9, 100)

COMMON/UCON4/F INTIM, IRUN, ITRUN, HARD, NPCOUNT, TENFB, JPRPT (25)

COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)

COMMON/UCOMS/NCRANE , NUCRANE, NULD, NUNLO, NAGY,, NUAGY, NPAL, NTRAC

C
DIMENSION 16D(3),IALM(9),1T0OL(10)
CHARACTER INIBUF$10,PARBUF (10)$58,ANS#1,PRINTS2, FULNAMEX12,
&SELRULES70,FILNANS12
LOGICAL GEX
C
C --- FILE ¥ B REFERS TO THE LINE PRINTER ---
c
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OPEN(UNIT=8,FILE="PRN: *)
DO 29 1SA=1,24
WRITE ($,35)
29 CONTINUE
WRITE(8,91)
91 FORMAT(/,10X,’PLEASE TURN ON THE PRINTER *)
PAUSE
C
C --- SETTING UP THE PRINTER FOR THE COMPRESSED MODE ---
C
WRITE (8, 14)CHAR(27) ,CHAR(15)
14 FORMAT(2A1)

WRITE (8, 15)
1S FORMAT(30X,’ SERRERRESSRRSRRSBRERRRREsRasasRRsranssrasssssssss’)
WRITE(B,16)
16 FORMAT(30X,’8 1)
WRITE(8,20)
20 FORMATI30X,”t SIMULATION OF AN FNS )
WRITE(8, 16)
WRITE (8, 15)
WRITE(B,17)
17 FORMATI/)
C
C --- SELECTION OF THE REGUIRED RULE ---
C
25 CONTINUE
D0 30 ISA=1,24
WRITE($,35)
35 FORMAT(/)
30 CONTINUE

WRITE(%,40)
40  FORMAT{(10X,’5CHEDULING RULES THAT ARE AVAILABLE : *)
WRITE(%,45)
45  FORMAT{//,15X,’1. Randoa selection rule [ RANDCK 17)
WRITE(3,50)
30 FORMAT{/,15X,’2. Fewest operatiocns remaining [ FOPR 1°)
WRITE(3,59)
33  FORMAT(/,13X,’3. Most operations remaining [ MOPR 17)
WRITE(1,40)
40  FORMAT(/,15X,’4. Shortest processing time [ 5PT 1)
WRITE(%,45)
65  FORMAT(/,15X,’5. Longest processing tise [ LPT 17
WRITE(1,70)
70  FORMAT{///,10X,”ENTER THE SCHEDULING RULE YOU NEED : ’,\)
READ(3,’ (BN,12))JRU
IF{JRU.BT.5.0R, JRU.LT,.0) THEN
WRITE (3,80)CHAR(T)
80 FORMAT(A1,25X,*WRONG CHOICE - PLEASE ENTER ABAIN °)
PAUSE
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60 T0 25
ELSE
ENDIF
PRINT=’0F’
WRITE(¥,83)
85  FORMAT{/,10X,”ENTER THE TOTAL NUMBER OF RUNS : ’,\)
READ($,’ (BN,13)’) ITRUN
89  WRITE(t,BA)
B6  FORMAT(/,10X,DO YOU WANT 70 TRACE THE SIMULATION [ Y OR N 1 ’\)
WRITE($,87)
87  FORNAT(’? °,\)
READ($,’ {A1)’)ANS
IF(ANS.EQ.’Y’,OR.ANS.EG.°n’) THEN
PRINT="ON’
ELSEIF (AN5S,EQ.’N’.OR.ANS,EQ.’n") THEN
PRINT="QF’
ELSE
NRITE ($,88) CHAR(7)
88 FORMAT (A1, 25X, ’ WRONG CHOICE - PLEASE TRY AGAIN’)
60 TO 89
ENDIF
C
€ --- WRITING TITLE OF RULE SELECTED ---
c
IF(JRU.ER. 1) THEN
SELRULE="Randor selection rule [ RANDOM I’
ELSEIF (JRU.E@.2) THEN
SELRULE=’Fewest operations remaining [ FOPR 1’
ELSEIF (JRU.EB.3) THEN
SELRULE="Most operations remaining [ HOPR I’
ELSEIF(JRU.E@.4) THEN
SELRULE=’Shortest processing time [ SPT J°
ELSEIF (JRU.EB.5) THEN
SELRULE=’Longest processing time ( LPT Y’
ELSE
ENDIF
WRITE (8, 90) SELRULE
90  FORMAT(/,10X,’Scheduling rule used : *,A70)
c
C --- INITIALISATION BLOCK ---
C
IPRIDOR=0
IRUN=0
IREC=0
KTF=0
NMREC=0
IDEQP=10
DO 105 I8C=1,23
D0 110 15D=1,30
DUEDAT(15C,15D)=0.0
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110 CONTINUE

105  CONTINUE
C
€ --- ACCESSING DATA FROM THE DATA FILES ---
c

D0 115 JX=1,24
WRITE($,120)
120 FORMAT{/)
115 CONTINUE
C
C --- OPENING FILE | ---
c
140 WRITE($,125)
125 FORMAT(/,1X,ENTER NAME OF FILE THAT STORES THE PART DATA : ’,\)
READ(8,’ (A)? )FULNAME
INBUIRE (FILE=FULNAME, EXIST=EX)
IF(GEX.EQV. (.FALSE.)) THEN
WRITE (8, 130) CHAR(7) ,CHAR(7) , FULNANE
130 FORMAT(2A1,’FILE ’,A12,” DOES NOT EXIST IN HARD DISK - ’,\)
WRITE ($,135)
135  FORMAT(’TRY AGAIN’)
60 T0 140
ELSE
OPEN(UNIT=1,FILE=FULNANE, STATUS="OLD’ , ACCESS="SEQUENTIAL®,
LFORM=" FORMATTED' )

ENDIF
£
C --- FILE 1 HAS BEEN OPEN ---
C

DO 145 IRA=1,25
D0 150 IRB=1,220
PARR(IRA, IRB)=0.0
150 CONTINUE
145 CONTINUE
155 IREC=IRECH
READ(1, 140, END=165) INIBUF , (PARBUF {N) ,N=1, 10)
160 FORMAT (A10, 10 (AS8) )
READ{INIBUF, 170) (16D(J) ,3=1,3)
170 FORMAT(I2,1X,13,1X,12,1X)
PARR{IREC, 1)=16D{1)
PARR(IREC, 2)=16D(2)
PARR{IREC, 3)=16D(3)
00 175 K=t,10
J1=4+(K=1)$21
READ(PARBUF (K, 180) PRT, IFT, (IALN(J) ,J=1,9), (ITO0L (D), J=1,1
%0)
180 FORMAT (F6.2, 1X, 12, 1X, 9411, 1X) , 10{12, 11))
PARR(IREC, J1)=PRT
PARR(IREC, J1+1)=IFT
Li=1
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DO 185 LJ=J1+2,01+10
PARR(IREC,LJ)=I1ALN{(LY}
Li=L1+}
185 CONTINUE
L2=1
DO 195 LT=J1+11,01+20
PARR (IREC,LT)=ITOOL(L2)

L2=12+]
199 CONTINUE
175 CONTINUE
60 TO 153

165 NTPT=IREC-1
CLOSE(1,STATUS="KEEP’)

L

C —-- FILE 1 IS CLOSED -- ALL PART DETAILS ARE STORED IN THE ARRAY ----
£

C --- OPENING FILE 2 ---

C

215 WRITE($,200)
200 FORMAT(/,1X,’ENTER NAME OF FILE THAT STORES PRIORITY DATA : ’,\)
READ(S,’ (A)* JFULNANE
INBUIRE (F ILE=FULNANE, EXIST=GEX)
IF (GEX.EQV. (.FALSE.)) THEN

WRITE (8, 205) CHAR (7) , CHAR{7) , FULNAME
205  FORMAT{2A1,°FILE *,A12,” DOES NOT EXIST ON HARD DISK - ’,\)

WRITE (%,210)
210 FORMAT(’TRY AGAIN')

60 T0 215

ELSE
OPEN(UNIT=2, FILE=FULNANE, STATUS="OLD’ , ACCESS=" SEQUENTIAL’
LFORM=" FORMATTED’)
ENDIF
DO 220 1SE=1,25

JPRPT (15E) =0
220 CONTINUE
235 IPRIOR=IPRIOR+1

READ(2, 225, END=230) IPF , JPRPT (IPRIOR)
225 FORMAT(10%,13,5X,12)

&0 10 235
230 CLOSE(2,STATUS="KEEP’)
C
€ --- FILE 2 IS CLOSED -- PRIORITY DETAILS FOR ALL PART TYPES ACCESSED ---
c
C --- OPENING FILE 3 ---
C

295 WRITE(#,280)

280 FORMAT(/,1X,”ENTER NAME OF FILE THAT STORES LAYOUT DATA : °\)
READ($,’ (A)’ )FULNANE
INQUIRE (FILE=FULNAME,EXIST=QEX)
IF(QEX.EQV. {,FALSE.}) THEN
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WRITE ($,285)CHAR(7) ,CHAR(7) , FULNANE
285  FORMAT(2A1,’FILE *,A12,” DOES NOT EXIST ON HARD DISK - *,\)

WRITE (8,290)
290 FORMAT(’TRY AGAIN’)

60 10 295

ELSE
OPEN{UNIT=3,FILE=FULNANE, STATUS="0LD’ , ACCESS="SEQUENTIAL’,
LFORM=' FORMATTED’ )
ENDIF
DO 300 122=1,9

ITRACK(127)=0

DLON{122)=0.0

DULOR{122)=0,0

DSTM(122)=0.0
300 CONTINUE
315 NMREC=NMREC+1

READ(3, 305, END=310) NUN, ITRACK (NMREC) , DLOM(NMREC) , DULOM (NMREC) , D

LSTH (NHREC)
305  FORMAT(5X,13,5X,12,10X,F7.2,5%,F7.2,5%,F7.2)
60 TO 315
310 NMAC=NMREC-1
CLOSE (3, STATUS="KEEP? )

c
€ --- FILE 3 CLOSED -- ALL SYSTEM LAYOUT DETAILS HAVE BEEN ACCESSED ---
c

C --- OPENING FILE 4 ---

c

335 WRITE($,320)
320 FORMAT(/,1X,’ENTER NAME OF FILE THAT STORES WHS TIME DATA : ’,\)
READ(8,” (A) ") FULNANE
INBUIRE (F ILE=FULNAME, EXIST=8EX)
IF(QEX.EQY. (.FALSE.)) THEN

WRITE(8,325)CHAR(7) ,CHAR(7) , FULNANE
325  FORMAT(2A1,’FILE *,A12,” DOES NOT EXIST ON HARD DISK - *),\)

NRITE ($,330)
330 FORMAT(’TRY AGAIN’)

60 TO 335

ELSE
OPEN(UNIT=4, FILE=FULNAME, STATUS="OLD’ , ALCESS="SEQUENTIAL’
LFORN="FORNATTED’ )
ENDIF

READ (4, 340) SPAGV, SPUAGY, SPCON, TTSLO, TTULSD

340 FORMAT(10X,3(F7.3,5K),15X,2(F7.3,5X))
CLOSE (4, STATUS="KEEP?)
c
365 WRITE($,345)
345 FORMAT(//,1%,°D0 YOU NANT A PRINT OUT OF THE INPUT DETAILS *,\)
WRITE(8,350)
350 FORMAT(® [ 1-Yes, 2-No 1 2 *,\)
READ(%,” (BN, 1217 ) 1AN
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IF(IAN.EQ. 1) THEN
60 10 355
ELSEIF(IAN.EQ.2) THEN
B0 TO 613
ELSE
WRITE($,350) CHAR(7)
340  FORMAT(20X,’'WRON6 CHOICE - PLEASE TRY AGAIN ’)
60 TO 385
ENDIF
c
C --- SEGMENT THAT PRINTS OQUT THE INPUT DETAILS OF THE SIMULATION MODEL ---
C
355 CONTINUE
WRITE(8,95)
95 FORMAT(/,10%,’Details of all the part types to be ’,\)
WRITE(8,100)
100 FORMAT(’sanufactured in the planning periad ’,//)
WRITE(8,356)
356 FORMAT(TI1,"PART TYPE DETAILS?/)
NRITE (B,373)
375 FORMAT(10X,” [ T T T T T )
WRITE(8,380)
380 FORMATC I 1
WRITE (8,385)
389 FORHAT(IOX,’I Part l Batch | Opn l Proc. | FT | Mac’,\)
WRITE(B,370)
390 FORMAT(hine(s) | Toals required |
WRITE(8,391)
3N FORMAT{10X,’ | Type | Size | No. | Tine l | 'W\)
WRITE(B,392)
392 FORMAT(’ ] !’)
WRITE (B, 393)
393 FORMAT(10X,’ | 1
WRITE(B,394)
394 FORMAT( + ")
D0 370 LN=1,NTPT
LABS=PARR(LN,2)
LNOP=PARR (LN, 3)
Ji1=4
WRITE(8, 395)LN,LABS
395 FORHAT(T!I,’|’,T13,12,T18,’l’,TZO,IS,\)
DO 400 MN2=1,LNOP
IFTY=PARR(LN,J11+1)}
NRITE(8,405)NNZ,PARR(LN,J11), IFTY
403 FDRHAT(TZb,’l’,T28,I2,T32,’|',2X,F6.2,T44,’|’,1X,I2,\)
WRITE (8,407)
407 FDRHAT(T49,'| ", \)
ICDE=0
00 410 JA=J11+2,J11+410
IALMAC=PARR (LN, JA)

-+

——
—r—
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ICDE=ICDE+1
IF(IALMAC.EQ.0) 6O TO 420
IF(ICDE.GT.1) GO TO 415

WRITE (8, 415) IALMAC
A5 FORMAT (11,\)

60 TO 410
A6 WRITE(8, 417) IALMAC
417 FORMAT(’or’, I1,\)
110 CONTINUE
420 WRITE(8,425)
425 FORMAT(T79,”| *,\)

1CTA=0

DO 430 JAB=J11+11,J11+20
IALTO=PARR (LN, JAB}
ICTA=ICTA+1
IF(IALTO.EQ.0) 6O TO 440
IF(ICTA.6T.1) 6O TO 436

WRITE (8, 435) IALTD
435 FORMAT (12,\)
60 TO 430
236 WRITE (8,437) 1ALTO
437 FORMAT(?,?,12,\)
430 CONTINUE
440 WRITE (8, 445)
445 FORNAT(T112,° )
J11=311421
IF (MN2. E0.LNOP) 60 TO 400
WRITE (8,450)
450 FORMAT (T11,” | [\

400  CONTINUE
IF (LN.EQ.NTPT) &0 TO 454
WRITE(8,451)

451 FORHAT(lOX,’i i
WRITE(8, 452)

452 FORMAT(® } 17)

370 CONTINUE ' !

454 WRITE(8,457)

457 FORMAT(10X,’ ¢ 4 1 L 1 1 "W\
WRITE(8,438)

438 FORMAT(® ! 17)
NRITE(B,485)

485 FORMAT(/)
WRITE(8, 456) G

456 FORMAT(T11,’PRIORITY DETAILS,/)
WRITE (8,440)

450 FORHAT(T!I,’l T l’)
NRITE(8B,4435)

465 FURHAT(Tll,'l Part | Priority |’,T41,’ttt { - Indicates priority*)
WRITE(8,470)

470 FDRHAT(Tll,’l Type | |’,T41,’ 0 - No priority’)

——
——
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NRITE (B,461)
4561 FORMAT(T11,’ | ; i’)
DO 475 IPRI=1,NTPT
WRITE(8,480) IPRI,JPRPT{IPRI) -
480 FORHAT(Tll,’|’,1X,12,3X,’|’,4X,12,4X,’|’)
475 CONTINUE
WRITE(B,471)
471 FORMAT(TI1,’¢ ! 17)
WRITE (B, 455)CHAR(27) ,CHAR(12)
453 FORNAT(241)
WRITE (8,535)
335 FORMAT(T11,”SYSTEM LAYOUT DETAILS [Al]l distances are in ats)’,/)
WRITE(B,540)
540 FDRHAT(TII,’l
NRITE(8,541)
541 FORHAT(’-—-—-—-————-—-1’)
MRITE (8,545}
345 FORHAT(TII,’I Machine | Lane [ Loading | Unloading |’,\)
NRITE(B,548)
546 FORMAT(’ Central Tool |’)
NRITE(B,550)
330 FDRHAT(TII,’l | | Station | Station |’,\)
WRITE(B,351)
351 FORMAT(®  Storage | ’)
NRITE (B,552)
592 FDRHAT(TII,'; } t 1 1\
NRITE (8,553}
3583 FORHAT(’-——-—-——-—-—-—1')
DO 535 IMA=1,NMAC
WRITE(B,560) IMA, ITRACK (IMA}, DLOM(IMA) , DULOMCINA), DSTH(INA)
560  FORMAT(T11,’|’,T15,11,721,’ ’,T25,11,T28,’|’,T30,F6.2,T38,’I’,
&T41,F6.2,T50,’| s T54,F6,2,T435, I’)
935 CONTINUE

T r T A

NRITE(8,554)

556 FORMAT(T14,t L ) 1 L’ .\)
WRITE (8,557)

357 FORMAT(’ ———memmmmet 7))
NRITE(8,570)

970 FORMAT(///7,711,” TRAVEL DETAILS FOR THE VARIOUS NHS USED’,/)
WRITE{(8,575)SPARY

575 FORMAT(10X,’Speed of the loading AGV = ’,F7.3,’ [ats/min]’)
NRITE (8,580} SPUARV

380 FORMAT(10X,’Speed of the unloading AGV = ’,F7.3,' [ats/mind’)
WRITE(8,585) SPCON

383 FORMAT(10X,’Speed of the tool conveyor = ’,F7.3," [ats/ainl’)
WRITE(B,590)

390 FORMAT(/,10X,’Travel time for the loading crane froa the Lentr’,\)
WRITE (8,400} TT5LO

600 FORMAT(’al Parts Storage to loading station =,

4F7.3," [ains]’)
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NRITE (B, 405)

605 FORMAT(10X,’Travel time for the unloading crane froa the unloa’,\)
WRITE(B,410) TTULSD

610 FORMAT(’ding station to the fentral Parts Storage =*,F7.3
&,’ [(ains]’)

NRITE(8,611)
611 FORMAT(/))
L
C --- RESOURCE QUANTITIES INPUT FROM TERMINAL ---
c

615 CONTINUE
DO 416 IX@=1,28
WRITE(3,5617)
&17  FORMAT(//)
616 CONTINUE

WRITE($,418)

618 FORMAT{(1X,’DETAILS OF THE RESOURCES USED TO BE ENTERED’)
WRITE(3,419)

619 FORMAT(1X,’ ')
NRITE{$,420)

520 FORMAT{/,1X,’ENTER THE NUMBER OF LOADING CRANES AVAILABLE---- *,\)
READ(8,* (BN, 13) ) NCRANE
WRITE($,625)
425 FORMAT{/,1X,’ENTER THE NUNBER OF UNLOADING CRANE AVAILABLE--- *,\)
READ(8, (BN, 13)?)NUCRANE
WRITE($,630)
630 FORMAT{/,1X,”ENTER THE NUMBER OF LOADERS AVAILABLE----------- "\
READ($,” (BN, I3)7)NULO
WRITE($,435)
635 FORMAT(/,1X,”ENTER THE NUMBER OF UNLOADERS AVAILABLE--------- ")
READ(#,” (BN, I3)*)NUNLD
WRITE($, 440)
540 FORMAT(/,1X,’ENTER THE NUMBER OF LOADING AGVs AVAILABLE------ )\
READ(8,” (BN, I3)*)NAGY
WRITE (8, 445)
545 FORMAT(/,1X,’ENTER THE NUMBER OF UNLOADING AGVs AVAILABLE---- *,\)
READ($,” (BN, I3))NUAGY
WRITE ($,450)
£50 FORMAT(/,1X,”ENTER THE NUMBER OF PALLETS AVAILABLE----------- '\
READ(,” (BN, 13))NPAL
WRITE($,552)
452 FORMAT(/,1X,’ENTER THE NUMBER OF LANES IN THE SYSTEM--------- ")
READ(#, (BN, 13)? )NTRAC
c
C --- FIXTURE TYPE GUANTITIES INPUT FROM TERMINAL ---
c
D0 461 I1UD=1,24
WRITE(1,617)
661 CONTINUE
DO 462 LNF=1,30
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NF (LNF)=0
HNF (LNF)=0
642 CONTINUE
NRITE(1,663)
663 FORMAT(1X,"ENTER THE NUMBER OF FIXTURE TYPES USED -- ’,\)
READ(3,’ (BN, 13)*)JFTY
D0 464 KTF=1,JFTY
WRITE (S, 666)KTF
b6  FORMAT(/,1X,’BUANTITY OF FIXTURE TYPE’,I3,* AVAILABLE --- °,\)
READ (%, (BN, I3) " INUFT
NF{KTF)=NUFT
MNF (KTF)=NUFT
664 CONTINUE
L
NCRDR=3
NPRNT=0
NTAPE=7
DD 853 1A5=1,24
WRITE(%,454)
634  FORMAT(/)
653 CONTINUE
WRITE (¥,5656) SELRULE
656 FORMAT(1X,’Scheduling rule requested is *,A55)
C
€ --- DECIDING THE RIGHT YRANSLATED FILE ---
c
IF(JRU.EQ.1) THEN
FILNAM=RAND. TRA’
ELSEIF {JRU.EQ,2) THEN
FILNAM="FOPR.TRA’
ELSEIF (JRU,EQ.3) THEN
FILNAN="NMOPR.TRA’
ELSEIF (JRU.ER.4) THEN
FILNAN="SPT.TRA’
ELSEIF (JRU.EQ.S) THEN
FILNAM="LPT.TRA’
ELSE
ENDIF
WRITE(3,457)
457 FORMAT(//,1X,’FILE NANE OF THE TRANSLATED FILE THAT YOU HAVE ’,\)
WRITE (8, 458) FILNAN
658 FORMAT(’TD USE : ’,A12)
PAUSE
CALL SLAM
END
C
C --- ALL THE RELEVANT DATA ACCESSED FROM THE DATA FILES ---
C
C
Cossasneasassssnsasssses
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C INITIALIZATION ROUTINE
Csssssssatasanssasstsns
SUBROUTINE INTLC
L COMMON BLOCK
COMMON/SCOM1/ATRIB(100),DD{100),DDL (100}, DTNOW, 11, NFA, MSTOP,
YNCLNR, NCROR, NPRNT, NNRUN, NNSET , NTAPE, 5511001, SSL (100) , TNEXT,
LTNOW, XX (100)
COMMON/UCOM1 /ICOM, IDECP, 1D@, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
%JRU, JCHAQ, MAB,N1B, NMAC, NRANK,NTPT, IALTA(9), IDLER(9}, IDEU(D)
COMMON/UCON2/JPCRA, PRINT, SPAGY, SPCON, SPUAGY, TTSLO, TTULSO, DLOK(9),
&DULOM(9) ,DSTN{9) ,NF (30),PARR (25,220) , MNF (30}, ITRACK ()
COMMON/UCOM3/ITCS(9) ,MACAB(9) ,KTM(9,100)
COMMON/UCOM4/FINTIN, IRUN, ITRUN, MARD, MPCOUNT, TENFB, JPRPT (23)
COMMON/UCONS/LCOUNT, NPARTY (23) , DUEDAT (23, 30}, JFOUT (25)
COMMON/UCONA/NCRANE, NUCRANE , NULO, NUNLG, NAGY, NUABY, NPAL ,NTRAC
COMMON/UCDN7/ ICRANE, TUCRANE, IULO, IUNLO, TAGY, IUAGY, IPAL

C
CHARACTER PRINTS2
c
C --- ALTERING THE MACHINES ---
C

DO 665 IM=1,NMAC
CALL ALTER(IN,1)
655 CONTINUE

C
C --- ALTERING THE COMMON RESOURCES ~---
£

CALL ALTER(10,NCRANE)

CALL ALTER(11,NUCRANE)

CALL ALTER({12,NULD)

CALL ALTER(13,NUNLO)

CALL ALTER(14,NAGV)

CALL ALTER{13,NUAGV)

CALL ALTER(14,NPAL)
C
C --- ALTERING THE NUMBER OF FIXTURE TYPES ---
c

D0 670 IFX=1,30
NUFF=HNF (IFX)
CALL ALTER(IFX+16,NUFF)
670 CONTINUE
c
C --- ALTERING THE NUMBER OF TRACKS ---
C
DO 675 ITR=1,NTRAC
CALL ALTER{ITR+46,1)
CALL ALTER(ITR#51,1)
675 CONTINUE
c
IRUN=IRUN+1
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IF{IRUN.BT.1) &0 TD 715
c
C --- PRINTING OUT THE RESOURCE DETAILS ---
c
WRITE (B, 563)CHAR{27),CHAR(12)
345 FORNAT(2A1)
NRITE(8B,479)
679 FORMAT(/,10X,’RESOURCE DETAILS FOR THE F M § ’)
WRITE (8, 4B0INNRSC(10)
6BO FORMAT(/,10X,’Number of loading cranes = *,I1)
WRITE (8, 685)NNRSC(11)
685 FORMAT(10X,’Nuaber of unloading cranes
WRITE(8,590)NNRSC(12)
690 FORMAT(10X,’Number of human loaders
NRITE(8,595)NNRSC{13)
695 FORMAT(10X,’Number of human unloaders
WRITE (8,700INNRSC{14)
700 FORMAT(10X,’Number of loading ABVs
WRITE(8,703)NNRSC{15)
705 FORMAT(10X,’Number of unloading AGVs
WRITE (8, 710)NNRSC(14)
710 FORMAT(10X,’Number of pallets used
NRITE (B, 490)
490 FORMAT(T11,’FIXTURE TYPE DETAILS’,/)
WRITE (8, 495)
495 FORMAT(T1L,” T 1)
WRITE (B, 500)
500 FORMAT(T11,"| Fixture | Quantity |*)
WRITE (8, 505)
303 FDRHAT(TII,'! Type | |’)
WRITE(B,510)
310 FORHAT(TII,’; f i’)
DO 515 IFX=1,30
IF {MNF (IFX).EQ.0) B0 TO 925
WRITE(8,3520) IFX,MNF{IFX)
520 FURHAT(Tll,’|’,3X,12,4X,’l’,4x,l2,4x,’|’)
315 CONTINUE
925 WRITE(8,524)
326 FORMAT(T1L,’ - 1 1)
WRITE (8,530)
330 FORMAT(//11)
C
€ --- FILING ALL THE PARTS IN THE CENTRAL STORAGE ---
C
713 CONTINUE
IPCO=0
JCT1=21
JCT2=17
DO 720 JINT=1,NTPT
JBS=PARR (INT,2)

1)

*,11)

11
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bO 725 JK=1,J8S
DO 730 JA=1,100
ATRIB(JA)=0.0
730 CONTINUE
IPCO=IPCO+!
ATRIB(1)=JPRPT{JINT)
ATRIB(2)=1PCO
ATRIB(3)=INT
ATRIB(4)=PARR(JNT,3)
ATRIB(S)=1.
JAN=ATRIB(S)
JCT3I=JANSJCTI-ICT2
ATRIB(&)=PARR(JNT,JCT3)
ATRIB(7)=PARR (INT,JCT3+1)
DD 735 JAT=22,40
ATRIB(JAT)=PARR(JINT,JCT3+2)
JCT3=JCT3+
735 CONTINUE
IF (JRU.EQ. 1) THEN
PUTRAND=DRAND (1)
ATRIB(9)=PUTRAND
ELSE
ENDIF
CALL FILEM{20,ATRIB)
JCT3=0
725  CONTINUE
720 CONTINUE
1TOPA=NNB(20)
IF(IRUN.GT,1) GO TO 740
WRITE(8,745)
745 FORMAT(/,10X,’Total nusber of parts in the Central Parts ’\)
WRITE(B,750) ITOPA
750 FORMAT(’Storage at the start of the simulation = ’,I4,/)
WRITE(8,751)
751 FORMAT(//1)
c
C --- INDICATION ON SCREEN ---
£ )
740 CONTINUE
DO 742 ISF=1,24
NRITE(%,744)
744  FORMAT(/)
742 CONTINUE

WRITE ($,755)
755 FORMAT(SX,’S ITMULATION 1IN PROGRESS)
WRITE($,760)
750 FORMAT (5X,” SSRESS88S88ERERSRERsassasstssssssssssssssssss’/)
NRITE (8, 770) IRUN

770 FORMAT{&X,”RUN NUMBER ’*,I3,\)
IF(PRINT.EQ.’OF) 6O TO 771
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WRITE(8,773)CHAR(27),CHAR(12)
773 FORMAT(2A1)

WRITE(8,772) IRUN
772 FORMAT(/, 10X, TRACE OF RUN ’,12,” OF THE SINULATION’,/)
c
C --- INITIALIZATION OF OTHER VARIABLES IN THE PROGRAM ---
c

771 CONTINUE
DO 773 KK=1,100
XX {KK)=0.0
775 CONTINUE
b0 780 IH=1,9
104U (IHI=0
ITCS(IH) =0
DO 785 KLM=1,100
KTH{IH,KLN) =0
765 CONTINUE
780 CONTINUE
DO 790 156=1,25
JFOUT(156)=0
NPARTY(156)=0
790 CONTINUE
I§TCO=0
ISRFOL=0
JPCRA=0
NPCOUNT=0
TENT=0
IPAS=0
JCMAB=0
LCOUNT=0
MAG=0
FINTIN=99999.00
RETURN
END
C
REE332902802000228803888088803¢8833833888084¢
C ROUTINE FOR SELECTING THE APPROPIATE EVENT
32230803000 38238800838288008883888388888
SUBROUTINE EVENT(I)
C-- CONMON BLOCK
CONMON/SCOM1/ATRIB(100),DD(100),DDL(100) ,DTNON, I1,NFA,NSTOP,
ENCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, 55{100) , SSL (100}, TNEXT,
LTNOW, XX (100)
COMMON/UCOM1/1CON, IDEOP, 1DA, IENT, IPAS, IRCO, ISRFOL, ISTCO, ITOPA,
%JRU, JCHAQ, MAG, N1Q, NHAC, NRANK,NTPT, TALTE (9}, IDLEB(), IDAU(Y)
COMMON/UCOM2/JPCRA, PRINT, SPAGY, SPCON, SPUAGY, TTSLO, TTULSO,
4DLON(9),DULOM(9),DSTM(9) ,NF (30} ,PARR(25,220) ,MNF (30), ITAK(9)
COMMON/UCOM3/ITCS(9) ,MACABLT) ,KTM(9, 100)
COMMON/UCOM4/FINTIN, IRUN, ITRUN, MAROD, MPCOUNT, TENFB, JPRPT (23}
COMMON/UCONS/LCOUNT, NPARTY (25) , DUEDAT {25, 30) , JFOUT (25)
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COMMON/UCOM7/1CRANE, TUCRANE, IULO, TUNLD, IAGY, TUAGV, IPAL

C
CHARACTER .PRINTS$2
C
C --- ROUTINES THAT ARE EXTERNAL TO THIS SEGMENT ---
C
EXTERNAL PARTIN,RELAGVL,TOOLCAPT, FREEBUF, RELFIXT, REENTER,
YREATRIB,PLOTFACT
60 T0 (1,2,3,4,5,6,7,8),1
1 CALL PARTIN
RETURN
2 CALL RELAGVL
RETURN
3 CALL TOOLCAPT
RETURN
4 CALL FREEBUF
RETURN
5 CALL RELFIXT
RETURN
& CALL REENTER
RETURN
7 CALL REATRIB
RETURN
8 CALL PLOTFACT
RETURN
END
c
CoEEBERsRastasraessesssssstsasssssssssssssssstss 1RRLRLLLLLL
C ROUTINE FOR THE ALLOCATION AT THE VARIOUS NODES ~-- ALLOCATE(I)
CoESESBRsEssassassssasssssssesssasssssstsssssasss 1101301813,
SUBROUTINE ALLOC(ICODE, IFLAG)
c ------CONMON BLOCK
COMMON/SCOM1/ATRIB(100),DD(100) , DDL (100}, DTNOK, 11, NFA, NSTOP,
ANCLNR, NCRDR, NPRNT , NNRUN, NNSET , NTAPE , 55(100) , SSL (100) , TNEXT,
LTNOW, XX (100) '
COMMON/UCONM1/1CON, IDEOP, 100, IENT, 1PAS, IPCO, ISRFOL, ISTCO, ITOPA,
LJRU, JCNAQ, HA, N18, NMAC, NRANK, NTPT, IALTR(9) , IDLER(9), TDGU(9)
COMMON/UCON2/JPCRA, PRINT, SPAGY, SPCON, SPUAGY, TTSLO, TTULSO, BLON(S),
LDULOM(9) , DSTH(9), NF (30} , PARR (25,220} , MNF (30) , ITRACK (9)
COMNON/UCOM3/1TCS(9) , NACAR(9) ,KTH(9, 100)
COMMON/UCOM4 /F INTIN, IRUN, TTRUN, HARD, NPCOUNT , TENFB, JPRPT (25)
COMNON/UCOMS/LCOUNT,, NPARTY (25) , DUEDAT (25, 30} , JFOUT (25)
CONMON/UCON7/ ICRANE, TUCRANE, TULE, TUNLO, TAGV, IUAGY, IPAL

CHARACTER PRINT$2
IFLAG=0
60 TO (B0S,B810,815),IC0DE
c
L --- ALLOCATION OF LOADING CRANE, LOADING AGV, PALLET, LOADER &
c FIXTURE TYPE ----
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C
805 IFIX=ATRIB(7)
IF (NNRSC (10} . BE. 1. AND, NNRSC (12) . 6E., 1. AND. NNRSC {14) . 6E. 1. AND. NNRSC (
416) .GE. 1. AND.NNRSC{IFIX+14).6E. 1) THEN
CALL SEIZE(10,1)
CALL SETZE(12,1)
CALL SEIZE(14,1)
CALL SEIZE(16,1)
CALL SEIZE(IFIX+16,1)
IF (PRINT.EQ.?OF') 60 TO 804
1P71=ATRIB(2)
WRITE(8,807) TNON, IPZ1
B07  FORMAT(10X,’TINE = ’,F10.4,” PART # *,13,” SEIZES THE LOADI’,\)
WRITE(8,808)
808  FORMAT(’NG CRANE, LOADING AGY, LOADER, PALLET AND FIXTURE’)
806  IFLAG=-1

RETURN
ELSE
RETURN
ENDIF
c
C --- ALLOCATION OF THE EXACT LOADING TRACK ---
C

810 KTRA=ATRIB(10)

IF (NRUSE (KTRA+45) .EQ.0) THEN
CALL SEIZE{KTRA+44,1)
IFLAG=~1
RETURN

ELSE
RETURN

ENDIF

C
C --- ALLOCATION OF UNLOADING AGY, UNLOADER AND UNLOADING CRANE ---
>
815 LTRA=ATRIB(10)
IF (NNRSC (11) . GE. 1. AND. NNRSC (13) . GE. 1. AND, NNRSC (15) . GE. 1. AND. NRUSE (
4LTRA+51).EQ.0) THEN
CALL SEIZE(11,1)
CALL SEIZE(13,1)
CALL SEIZE(15,1)
CALL SETZE(LTRA#51,1)
IF(PRINT.EQ.'OF’) GO 70 B16 °
IP12-ATRIB(2)
WRITE (B, 817) TNON, IP12
B17  FORMAT(10X,’TIME = *,F10.4,” PART # *,I3,’ SEIZES THE UNLOA’,\)
WRITE(8,818)
818  FORMAT(’DING AGY, UNLOADER, AND UNLOADING CRANE’)
816  IFLAG=-1
RETURN
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ELSE
RETURN
ENDIF
END
C
Ctaassesaesesnentstssss
C USER FUNCTION ROUTINES
CoRIsassssssesnssssassss
FUNCTION USERF(I)
C COMMON BLOCK
CONMON/SCON1/ATRIB(100),DB(100), DDL ¢100),DTNOW, 11, MFA, NSTOP,
&NCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, 55(100) , 5L (100) , TNEXT,
LTNOW, XX (100)
COMMON/UCONY /ICOM, IDECP, ID@, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
LJRU, JCNAG, MAG, NIG, NMAC, NRANK,NTPT, IALTR(9), IDLEA{9), IDAU(Y)
COMMON/UCOM2/ JPCRA, PRINT, SPABV, SPCON, SPUAGY, TTSLO, TTULSD, DLOK(D) ,
LDULOM{9} ,DSTM(9},NF (30}, PARR(25,220) , MNF (30) , ITRACK (9)
COMMON/UCONI/ITCS(9), MACAB(9),KTN{9,100)
COMMON/UCOMA/FINTIN, IRUN, ITRUN, MARD, MPCOUNT, TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)
COMMON/UCOM7/ ICRANE, TUCRANE, TULO, IUNLO, IAGV, TUAGY, IPAL

c
CHARACTER PRINT$2
50 10 (855,B40,845,870,875,880, 885), 1
C
C --- TRANSPORT TIME FROM CENTRAL PARTS STORAGE TO LOADING STATION ---
C

8535 IF(JPCRA.EQ.O) THEN
USERF=TTSLO
JPCRA={
ELSEIF(JPCRA.EQ.1) THEN
USERF=24TTS5LO
ELSE
ENDIF
IF(PRINT.EQ.*OF") RETURN
IPZ3=ATRIB(2)
NRITE(8,857) TNOW, IPI3
857 FORMAT(10X,’TIME = *,F10.4,” PART % *,I3,’ TRANSPORTED FROM TH’,\}

NRITE (B, B58)USERF
858 FORMAT(’E C P S TO THE LOADING STATION - TRAVEL TIME = *,F6.3)
RETURN
C
C --- TRANSPORT TINE FROM LOADING STATION TO THE EXACT MACHINE ---
c

860 MARO=ATRIB(B)
TTLOM=DLOM (MARO) /SPAGY
USERF=TTLOM
IF(PRINT.EQ.’OF ") RETURN
IP24=ATRIB(2)
NTRAC=ATRIB{10)
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WRITE(B,861) TNONW, IPZ4

861 FORMAT(10X,’TINE = *,F10.4,” PART % ’,13,” TRANSPORTED FROM LO’,\)
WRITE(8,862) MARD, USERF

862 FORMAT(’ADING STATION TO MACHINE °,I1,’ - TRAVEL TIME = ’,F6.3)

WRITE(B,B63)1P14
863 FORMAT(20X,"LOADING AGY CARRYING PART % ',I3,” MOVING ON ’,\)
WRITE (8,864)MTRAC
864 FORNAT(’LOADING TRACK ’,12)
RETURN
€
C --- TRAVEL TINE FOR EMPTY CART FROM MACHINE TO THE LOADING STATION ---
c

865 MACHD=ATRIB(8B)
TTMLO=DLOM (MACHO) /SPAGV
USERF=TTHLO
IF(PRINT.EQ. OF’) RETURN
IP15=ATRIB(2)
MMTRAC=ATRIB(10)
WRITE(8,866) TNOW, IPZ3
864 FORMAT(10X,’TIME = *,F10.3,” PART # ’,13,’ RELEASES CART AT HMA’,\)
WRITE(B,B867)MACHO,USERF
867 FORMAT(’CHINE *,I1,* - AGV TRAVEL TIME TO C P § = °,F4.3)

WRITE(B,858) MMTRAC
8468 FORMAT(20X,’EMPTY LOADING AGV MOVING ON LOADING TRACK *,I12)
RETURN
c
L --- TRAVEL TIME FROM TOOL STORAGE TO MACHINE ---
X

870 WACGD=ATRIB(8)
IF(ITCS(MACEO).EQ.0) THEN
USERF=0.0
ELSE
USERF=DSTM{MACE0) /SPCON
ENDIF
ITCS(NACED) =0
IF(PRINT.EQ.’OF”) RETURN
IP16=ATRIB(2)
WRITE(8,871) TNOW, IPZ6
871 FORMAT(10X,’TIME = *,F10.4,” PART ¥ *,I3," WAITS FOR TOOLS FR*,\)
WRITE(B,872)MACGD,USERF
872 FORMAT(’OM THE TOOL CRIB AT MACHINE °,I1,’ - WAITING TIME = ’,

&F6.3)

RETURN
X
C --- TRANSPORT TIME FROM THE MACHINE TO THE UNLOADING STATION ---
c

875 MAFO=ATRIB(8)
TTHAUL=DULGM (MAFQ) /SPUAGY
USERF=2§TTMAUL
IF(PRINT.EQ.'OF’) RETURN
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IP17=ATRIB(2)
MNTRAC=ATRIB{10)
WRITE(B,B76) TNOW, IP17
876 FORMAT(10X,’TIME = *,F10.4,” PART # ’,13,’ TRANSPORTED FROM MA’,\)
WRITE(8,B77)NAFD,USERF
877 FORMAT("CHINE °,I1,” 70O UNLOADING STATION - TRAVEL TIME = ’,F6.3)

WRITE(8,878)IP17
878 FORMAT (20X, ’UNLOADING AGV CARRYING PART & ’,I3,’ MOVING ON ’,\)
WRITE(8,879)MNTRAC
879 FORMAT(*UNLOADING TRACK ’,12)
. RETURN
c
C --- TRAVEL TIME FOR UNLOADING CRANE FROM PARTS STORAGE TO UNLOADING
C STATION =~---~
C

880 USERF=TTULSO
IF(PRINT.EQ.’OF) RETURN
IP1B=ATRIB(2)
WRITE (8,881) TNOW, IP18
881 FORNAT(10X,’TINE = *,F10.4,* PART % ’,I3,” WAITS FOR THE UNLDA’,\)

WRITE (8,882)USERF
882 FORMAT('DING CRANE AT THE UNLOADING STATION - WAITING TINE = ’,
LFb.3)
RETURN
c
C --- TRAVEL TIME FOR UNLOADING CRANE TO THE CENTRAL PARTS STORAGE ---
c

885 USERF=TTULSO
IF(PRINT.EQ.”OF* )RETURN
1PI9=ATRIB(2)
WRITE (8,886) TNOW, IP19

886 FORMAT (10X, TIME = *,F10.4," PART & *,I3,” TRANSPORTED FROM TH’,\)

WRITE (8, 887)USERF
887 FORMAT("E UNLOADING STATION TO THE C P S - TRAVEL TINE = ’,F6.3)

RETURN
END

C

c

c SIMULATION OF FLEXIBLE MANUFACTURING SYSTEM

C

c DISCRETE EVENT SEGMENT - 2

C

c

c

Coaasrsasnsnsns

C META COMMANDS

Ctsrssssssnse

C
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$STORAGE: 2

$NOTSTRICT

$PAGESIIE: 50

$LARGE

$LINESIZE: 132

SNOFLOATCALLS

c

C IBESESERSRLRSEOBRtatassssrassasssasattssstastssssss  SR0R8e

C ROUTINE TO SELECT AND INPUT THE PARTS INTO THE SYSTEM -- EVENT 1

C IBSSESESTRTTILEEERERELELELLORTRatsestsssnssssasssssss  S2RER4s
SUBROUTINE PARTIN

c COMMON BLOCK
COMMON/SCON1/ATRIB(100),DD (1001 ,DOL (100) ,DTNON, I1,MFA, HSTOP,
YNCLNR, NCRDR, NPRNT , NNRUN, NNSET, NTAPE, §5(100) , §5L (100) , TNEXT,
LTNOK, XX {100)
COMMON/UCOM! /ICOM, IDEOP, 1D@, TENT, IPAS, IPCO, ISRFOL, ISTCO, 1TOPA,
LJRU, JCHAQ, HAQ, N1G, NMAC, NRANK, NTPT, TALTA(9) , IDLER(9) , IDBU(9)
COMMON/UCGM2/ JPCRA, PRINT, GPAGY, SPCON, SPUAGY, TTSLO, TTULSA, DLONM(S) ,
LDULOM (9}, DSTH(9), NF (30) , PARR (25, 220) , MNF (30) , ITRACK (9)
COMMON/UCOM3/1TCS(9) , HACAB(9) ,KTH(9, 100)
COMMON/UCOM4/F INTIN, IRUN, TTRUN, NARQ, MPCOUNT, TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)
COMMON/UCOM7/ ICRANE, TUCRANE, TULO, TUNLO, TAGY, TUAGY, IPAL

CHARACTER PRINT$2

-~= BLOCK THAT DECIDES WHERE THE ENTITY CAME FROM ---

Ly I o BN v 2N o ]

IF(I1.EQ.1) THEN

IPAS=0

IENT=0

N10=NHAC

1005  CALL SELPART
IF(JCHAG.GT.NNB(20)) 60 TO 1010
IF (IENT.LT.NIG) 60 TO 1005
1010 XX(1)=1

N4)=1

IF (IPAS.EQ.0) XX(1)=2

XX(2)=IPAS

RETURN

ELSEIF(IT.EQ.2) THEN

IF(JRU.E@.1) THEN
PURANG=DRAND (1)
ATRIB{9)=PURANG

ELSE

ENDIF

CALL FILEM(20,ATRIB)

IF (NNB(20) .GE. 1.AND.NNG(22) .E0.0) THEN
108=0
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D0 1015 ICE=1,NHAC
IF(IDAU(ICE).6T.0) 6O TO 1015

10a=1D0+1
1015 CONTINUE
IPAS=0
IENT=0
N1g=ID@
1020 CALL SELPART

IF(JCHAQ. 6T. NNB(20)) 60 TO 1025
IF(IENT.LT.NIO) 60 TO 1020
1025 YX(1=1
XX(2)=1PAS
IF(IPAS.EQ.0) XX(1)=2
XX (4)=1
RETURN
ELSE
XX(1)=2
XX(4)=1
RETURN
ENDIF
ELSEIF(I11.EQ.3) THEN
TENT=0
1PAS=0
N1G=1D@
1030  CALL SELPART
IF (JCHAQ.6T.NNB{20)) 6O TO 1035
IF(IENT.LT.NIQ) 6O TO 1030
1035  XX(2)=IPAS
XX =t
XX (4)=2
IF (IPAS.EQ.0) XX{1)=2
RETURN
ELSE
X%(1)=2
XX(4)=1
RETURN
ENDIF
END
c
€ --- ROUTINE TO SELECT PART AND SEND IT INTO THE SYSTEN ---
C
SUBROUTINE SELPART
c COMMON BLOCK
COMMON/SCOM1/ATRIB{100) ,DD{100) ,DOL (100) ,DTNON, 11, MFA, HSTOP,
LNCLNR, NCRDR, NPRNT , NNRUN, NNSET, NTAPE, 55 (100) , SSL (100) , TNEXT,
LTNOW, XX (100)
CONMON/UCOM1 / 1COM, TDEOP, 108, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
4JRU, JCHAR, MAG, N1O, NMAC, NRANK, NTPT, IALTG(9) , IDLEG(9) , 10QU(S)
CONMON/UCOM2/JPCRA, PRINT, SPAGY, SPCON, SPUABY, TTSLO, TTULSO, DLOM(9),
4DULON (9), DSTH(9),NF(30) , PARR (25, 220) , KNF (30) , ITRACK (9)
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COMMON/UCOM3/TTCS(9) ,MACAB(F) ,KTH(9,100)
COMMON/UCOM4/FINTIM, IRUN, ITRUN, MARD, HPCOUNT, TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT(25)
COMMON/UCOM7/1CRANE, TUCRANE, TULO, IUNLO, IAGV, IUAGY, IPAL

CHARACTER PRINT$2

IENT=1ENT+{
JCMAB=0
IF (NN@(20) .EQ.0) RETURN
D0 1040 KPB=1,NMAC
IDLEQ(KPB)=0
1040 CONTINUE
KPA=0
DO 1045 KP=1,NMAC
IF(IDQU{KP).6T.0) 6O TD 1045
KPA=KPA+]
IDLEQ(KPA) =KP
1045 CONTINUE
ITER=0
1030 NST=0
ITER=ITER+!
1055 CONTINUE
DO 10560 NRANK=NST+1,NNG(20}
CALL COPY(NRANK,20,ATRIB)
IF{ITER.EB.2) 60 TO 1065
IF(ATRIB(1).EQ.0) 6O TO 1040
1065  IOPT=ATRIB(S)
IRES=ATRIB(7)
IF (NF (IRES) .EQ.0) 60 TO 1040
NF {IRES) =NF (IRES) -1
60 70 1070
1060 CONTINUE
IFUITER.LT.2) 60 TO 1050
RETURN
1070 18R=0
MAQ=0
DD 1075 1AB=1,9
IALTA(IAB) =0
NACAG{IAB)=0
1075 CONTINUE
DO 1080 IAL=22,30
IF(ATRIB(IAL) .EQ.0.0) GO TO 1085
10A=10A+{
IALTA(IAA)=ATRIB(IAL)
1080 CONTINUE
1085 CONTINUE
DO 1090 10AC=1,NIQ
DD 1093 IAT=1,10A
IF(IALTQ(IAT) . NE. IDLEA(IAAC)) 60 TO 10935

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 143 -

MAD=HAD+1
MACAR(MAG) =IDLEB(IBAC)
1095  CONTINUE
1070 CONTINUE
IF(MAQ.ED.0) THEN
JCHAQ=JCHAD+L
NF (IRES)=NF (IRES) +1
NST=NRANK
60 TO 1053
ELSEIF (MAG.ED.1) THEN
ICOM=HACAG(1)
1DaUCICON) =1
ELSE
CALL SELRAND
ENDIF
CALL RMOVE (NRANK, 20,ATRIB)
ATRIB(B)=1COM
ATRIB(IDEDOP+IOPT)=TNOMW
ATRIB(10)=ITRACK(ICON)
IF(PRINT.EQ.’0F") 60 TO 1093
IPZ10=ATRIB{2)
WRITE (8, 1091) TNON, IPZ10
1091 FORMAT(10X,’TIME = °,F10.4,° PART % °,I3,’ HAS BEEN SELECTED T°,\)
WRITE(8,1092) ICOM, ITRACK (1COM)
1092 FORMAT(*0 BE PROCESSED IN MACHINE *,I1,’ ON TRACK °,I1,” FOR ’,\)
WRITE(B,1094) 10PT
1094 FORMAT{’OPERATICON ¥ *,12)
1093 IPAG=IPAS+!
CALL FILEM(21,ATRIB)

RETURN

END
c
C --- ROUTINE FOR SELECTING THE QUEUE AT RANDOM ---
C

SUBROUTINE SELRAND

C CONMON BLOCK
COMMON/SCOM? /ATRIB(100),DD(100),DDL (100} ,DTNON, IT,NFA,NSTOP,
ENCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE, 55(100), 5SL (100) , TNEXT,
LTNOM, XX (100)
COMMON/UCON1/1CON, IDECP, 1DA, IENT, IPAS, 1PCO, ISRFOL, ISTCO, ITOPA,
kJRU, JCMAR, MAR,NIG, NMAC, NRANK,NTPT, IALTG(9), IDLEA(?), IDAU(T)
COMMON/UCOMZ/JPCRA, PRINT, SPAGV, SPCON, SPUAGV, TTSLO, TTULSO, DLOK(9),
LDULOM(9),DSTH(9) ,NF(30),PARR (25,220} , MNF (30} , ITRACK(9)
COMMON/UCOM3/ITCS(9) ,MACAB(9) ,KTM(?,100)
COMMON/UCON4/FINTIN, IRUN, ITRUN, NARQ, MPCQUNT, TENFB, JPRPT (23)
COMMDN/UCOMS/LCOUNT, NPARTY (25) , DUEDAT {25, 30) , JFOUT (25)
COMMON/UCON7/TCRANE, IUCRANE, TULO, IUNLO, IAGV, TUAGY, IPAL

DIMENSION A(9)
CHARACTER PRINTS2
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00 1100 IN=1,NMAC
ACINI=0.0
1100 CONTINUE
D0 1110 18=1,KAG
A(1Q) =DLON(NACAG (18) ) +DULON(MACAB (18) )
IF(18.6T.1) 60 TO 1115
EMIN=ACIA)
MAND=NACAB (10)
60 70 1110
115 IF(A(I),LT.GHIN) THEN
BHIN=A(IA)
MANO=MACAB(10)
ELSE
ENDIF
1110 CONTINUE
ICON=NAND
10QU (1CON) =1
RETURN
END
c
C SESSREEBEBRSERERRRRERsIALRLBIT  SERRINL
C ROUTINE FOR RELEASING THE CART -- EVENT 2
C ISEESSERRBERRBEEERsIRRRILRRISE  S888888
SUBROUTINE RELAGVL
€ ----- COMNON BLOCK
COMMON/SCOM1 /ATRIB(100),DD (100, DDL (100), DTNOW, 11, NFA, MSTOP,
KNCLNR, NCRDR, NPRNT , NNRUN, NNSET, NTAPE , §5(100) , SSL (100) , TNEXT,
LTNON, XX (100)
COMMON/UCOM1/1COM, IDEOP, 1D, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
LJRU, JCHAG, MAG, NIG, NMAC, NRANK, NTPT, TALTE(9), IDLEG{9) , TDAU(9)
COMMON/UCOM2/JPCRA, PRINT, SPAGY, SPCON, SPUAGY, TTSLO, TTULSD, DLON(9)
4DULOM (91, DSTH(9), NF (30) , PARR (25, 220) , NF (30) , ITRACK (9}
COMMON/UCOM3/ITCS(9) , MACAB(S) KT (9, 100)
COMMON/UCOM4/FINTIN, IRUN, ITRUN, MARD, MPCOUNT , TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)
COMMON/UCOM7/ ICRANE , TUCRANE , TULO, IUNLO, TAGY, TUAGY, IPAL

Lar]

CHARACTER PRINTS$2

--- RELEASING THE CART ---

[or B e BN o B or ]

KUTRA=ATRIB{10)
CALL FREE(KUTRA+46,1)
CALL FREE(14,1)
IF(PRINT.EQ.’OF’) RETURN
WRITE(B, 1115) TNON
1116 FORMAT(10X,’TIME = *,F10,4,” LOADING ABV IS RELEASED AT THE °,\)
WRITE(8,1117)
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1117 FORMAT (’LOADING STATION’)
RETURN
END
c
C AESESERssRRssassaensssssassassassassassassassasnssssssiss 1331111
C ROUTINE FOR CAPTURING THE YOOLS AS PART ENTERS THE SYSTEM -- EVENT 3
CRESERsRasEssssssannsssssasaassassassaasssssassssassassssy $Eenee
SUBROUTINE TOOLCAPT
c COMMON BLOCK
COMMON/SCOM1/ATRIB(100),DD(100),DDL (100) ,DTNON, IT, NFA, HSTOP,
4NCLNR, NCRDR, NPRNT , NNRUN,, NNSET, NTAPE, 55(100) , 5L (100) , TNEXT,
LTNON, XX (100)
COMMON/UCOMS /1COM, IDEOP, 1D, TENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
%JRU, JCHAG, HAQ, N1G, NAC, NRANK, NTPT, TALTB(9) , IDLER(S) , IDAU(T)
CONMON/UCOM2/ JPCRA, PRINT , SPAGV, SPCON, SPUAGY, TTSLO, TTULSD, DLOK(S),
4DULOK (91, DSTN(9) ,NF (30) , PARR(25,220) , KNF {30} , ITRACK(9)
COMMON/UCOM3/1TCS(9), MACAR(S) , KTH(9, 100)
COMMON/UCON4 /F INTIM, IRUN, ITRUN, MARO, MPCOUNT, TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)
COMMON/UCOM/ ICRANE, TUCRANE, TULD, TUNLO, TAGY, TUAGY, TPAL

CHARACTER PRINT%2

MACH=ATRIB(8)
ITCS(NACH) =0
DO 1120 JT=31,40
IF(ATRIB{JT) .EQ.0.0) GO TO 1125
ITONE=ATRIB(JT)
D0 1130 JTA=1,100
IF (KTH{HACH, JTA) .EQ. ITONE) 60 TO 1120
1130 CONTINUE
17CS (MACH) =1TCS {MACH) +1
1120 CONTINUE
1125 CONTINUE
IF (PRINT.EQ.0F") RETURN
IPW=ATRIBI(2)
WRITE(8, 1126} IPN, ITCS(NACH) , MACH
1126 FORMAT{20X,’PART # *,13,” NEEDS ’,12, TOOLS AT MACHINE ’,I1)

RETURN
END
c
C IR Ersserassessssansssaseasssssssssss 1138818

C ROUTINE FOR FREEING THE INPUT BUFFER -- EVENT 4

CoIRsRusasassesatassasssssssssssssiess 132888
SUBROUTINE FREEBUF

c == COMMON BLOCK
COMMON/SCOMI/ATRIB(100),DD(100),DDL(100) ,DTNOW, I1,NFA,NSTOP,
&NCLNR,NCRDR, NPRNT , NNRUN, NNSET, NTAPE, 55(100) , SSL (100) , TNEXT,
LTNOW, XX (100)
COMMON/UCONS /1COM, IDEOP, 1DA, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
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LJRU, JCHAB, HAB, N1Q, NMAC, NRANK,NTPT, IALTA(9), IDLEG(9), IDAU(T)
COMMON/UCOM2/JPCRA, PRINT, SPAGV, SPCON, SPUABY, TTSLO, TTULSO, DLOM(D),
&DULON(9) ,DSTN(9) ,NF {30) ,PARR(25,220) ,MNF (30), ITRACK(9)
COMMON/UCOM3/ITCS(9), MACAB(9) ,KTM(?,100)
COMMON/UCOMA/FINTIN, IRUN, ITRUN,NARC, MPCOUNT, TENFB, JPRPT {23)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)
COMMON/UCON7/ICRANE, TUCRANE, TULO, TUNLD, 1AGY, IUAGY, IPAL

CHARACTER PRINT$2

TENFB=TNON
IFRO=ATRIB(B)
IDBU(IFRA)=0
108=0
DO 1135 1Q0=1,NNAC
IF(1DAU(108).6T.0) 6O 70 1135
100=1D8+1
1135 CONTINUE
CALL OPEN(2)
IF (PRINT.EQ.’0F*) RETURN
IPH2=ATRIB(2)
WRITE(B, 1131) TNON, IPW2
1131 FORMAT(10X,’TIME = *,F10.4," PART # *,I3,” LEAVING THE INPUT ’,\)
NRITE(B, 1132) IFRQ
1132 FORMAT(*BUFFER OF NACHINE *,I1)
RETURN
END
c
c
C SESERERRstsssssssssstssssssssssssssy 1331281
C ROUTINE TO RELEASE MULTIPLE RESOURCES -- EVENT 5
C SEEsERREstRnaessstsnssassessesssssess teeees
SUBROUTINE RELFIXT
R — COMMON BLOCK
COMMON/SCOM1/ATRIB(100),DD(100),DDL (100) ,DTNON, I1,MFA, NSTOP,
LNCLNR, NCRDR, NPRNT , NNRUN, NNSET, NTAPE, 55 (1001 , SSL (100) , TNEXT,
LTNOK, X1 {100)
CONMON/UCON1 / ICOM, 1DEOP, 108, 1ENT, IPAS, IPCD, ISRFOL, ISTCO, ITOPA,
LJRU, JCHAQ, HAG, N1B, NNAC, NRANK, NTPT, TALT(9) , IDLEB(9) , IDGU(9)
COMMON/UCOM2/JPCRA, PRINT, SPAGY, SPCON, SPUABY, TTSLO, TTULSO, DLOM(),
LDULOM(9),DSTH(9), NF (30) , PARR (25, 220) , MNF (30) , TTRACK (9)
COMNON/UCOM3/1TCS(9) , MACAB(9) ,KTH(9, 100)
COMMON/UCOMA /F INTIN, IRUN, ITRUN, MARD, NPCOUNT , TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT {25)
COMMON/UCON7 / ICRANE, UCRANE, TULD, TUNLE, TAGY, TUAGY, IPAL

CHARACTER PRINTS$2

c
c
C --- RELEASING THE FIXTURE ---
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JFIX=ATRIB(T)
KWTRA=ATRIB(10)
NF {IFIX)=NF (JFIX) 41
CALL FREE (KNTRA+SI,1)
CALL FREE(JFIX+15,1)
IF (PRINT.EQ.’OF) RETURN
IPH1=ATRIB(2)
WRITE (8, 1134) TNOM, 1PN}
1136 FORMAT(10,’TIME = *,F10.4,’ PART # ’,13,” RELEASES FIXTURE *)
RETURN
END
c
CoESESEsEatasasssasssssstsnssasassssssasassssasssssstsasss $131888
C ROUTINE TO DECIDE WHETHER THE PART SHOULD REENTER OR NOT -- EVENT &
C IBESRERSEasastsRsrasnsassetssarassssssssasstsssasstssssy 1311111
SUBROUTINE REENTER
R COMMON BLOCK
COMMON/SCON1/ATRIB{100),D0(100) ,DDL (100),DYNON, I1, HFA, HSTOP,
SNCLNR, NCRDR, NPRNT, NNRUN, NNSET , NTAPE, 55 (100} , 56L (100} , TNEXT,
LTNON, XX (100)
COMMON/LCOM1 / 1COM, IDEOP, 10Q, IENT, IPAS, 1PCO, ISRFOL, ISTCO, ITOPA,
%JRU, JCHAQ, MAG, N1A, NHAC, NRANK, NTPT, TALTA(9), [DLEA(9) , 1DAU()
COMMON/UCOM2/ JPCRA, PRINT, SPAGY, SPCON, SPUAGY, TTSLO, TTULS0, DLOM(9),
LDULOM(9),DSTH (9), NF (30) , PARR (25, 220) , MNF (30) , TTRACK (9)
COMMON/UCON3/ 1TCS(9) , MACAR() , KTH(9, 100}
COMMON/UCON4/FINTIN, IRUN, ITRUN, HARG, NPCOUNT , TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30) , JFOUT (25)
COMMON/UCONT/1CRANE, TUCRANE, TULO, TUNLO, IAGY, IUAGY, IPAL
c _————
CHARACTER PRINT$2
EXTERNAL FINSTAT

JCOPT=ATRIB(3)
ATRIB(4)=ATRIB(4)-1,
ATRIB(IDEOP+JCOPT)=TNOW-ATRIB (IDECP+JCOPT)
ATRIB(S)=ATRIB{3) +{,
IF(ATRIB(4).EQ.0.0) 60 TO 1140
DO 1145 IRE=22,40
ATRIB(IRE}=0.0
1145 CONTINUE

C
C --- GEGMENT FOR RE-ENTERING THE SYSTEM ---
C

JRT=ATRIB(3)

JCR1=21

JCR2=17

JAR=ATRIB(3)
JCR3=JARSJCRI-JCR2
ATRIB(4)=PARR(JRT,JCR3)
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ATRIB{7)=PARR(JRT,JCR3+1)

D0 1150 JART=22,40
ATRIB(JART)=PARR (JRT,JCR3+2)
JCR3=JCRI+!

1150 CONTINUE

I1=2
RETURN
£
C --- SEGMENT FOR COLLECTING DATA AS PART GDES OUT OF THE SYSTEM ---
c
1140 11=4

HPCOUNT=MPCOUNT+1
IPTN=ATRIB(3)
IPW3=ATRIB(2)
[F(PRINT.EQ.'0F’) 60 TO 1144
NRITE(8,1141) TNOW, [PH3
1141 FORMAT(10X,’TIME = *,F10.4,’ PART % *,I3," BELONBING TD PART ’,\)
WRITE(B,1142) IPTN
1142 FORMATC’TYPE *,12," HAS FINISHED ALL ITS OPERATIONS °)
WRITE(8,1143)HPCOUNT
1143 FORMAT(10X,’NUMBER OF PARTS THAT HAVE LEFT THE SYSTEN = *,13)
1144 NPARTY(IPTN)=NPARTY (IPTN) +]
IF (NPARTY(IPTN) .EQ.PARR(IPTN,2)) THEN
DUEDAT(IPTN, IRUN) =TNOW
LCOUNT=LEOUNT+1
JFOUT(IPTN}=L.COUNT
ELSE
ENDIF
IF (TNOW. EQ. TENFB) THEN
60 TO 1135
ELSE
108=0
IF(NNG(20) .GE. 1. AND.NNB{22).EG. 0) THEN
DO 1160 IX=1,NMAC
IF(IDBU(IX),6T.0) 60 TD 1160
IDa=10a+1
1160 CONTINUE
CALL OPEN(2)
ELSE
ENDIF
ENDIF
1155 CONTINUE
IF (MPCOUNT.EQ. ITOPA) THEN
FINTIM=TNON
CALL FINSTAT
RETURN
ELSE
RETURN
ENDIF
END
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c

C BRBBRBREBREERRssRaRassaesasstssassssssssssnsss 1188848

C ROUTINE FOR READJUSTMENT OF THE ATRIBUTE ARRAY -- EVENT 7

C SEBRREEEEEassussasrassssssssasssssssssssssssy T33288!
SUBROUTINE REATRIB

c -=COMMON BLOCK==r==mm=mm=mmmmmmmm e e e e em e mmem
COMMON/SCOM1/ATRIB(100),DD(100),DDL (100}, DTNON, 11, MFA,NSTOP,
4NCLNR, NCRDR, NPRNT , NNRUN , NNSET , NTAPE, §5(100) , SSL (100} , TNEXT,
LTNON, XX (100)
COMMON/UCOM! / ICOM, IDEOP, 100, 1ENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
LJRU, JCHAB, MAG, N1G, NHAC, NRANK, NTPT, TALT@(9), IDLEA(9) , 1DAU(9)
COMMON/UCOM2/ JPCRA, PRINT, SPAGY, SPCON, SPUAGY, TTSLO, TTULSO, DLON(9) ,
LDULOM (9], DSTH (9}, NF (30, PARR (25, 220) , BNF (301, ITRACK (9)
COMMON/UCOM3/ ITCS (9) , MACAD(9) ,KTH(9, 100)
COMMON/UCONM4/FINTIN, IRUN, ITRUN, MARQ, MPCOUNT , TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT,, NPARTY (25) , DUEDAT (25, 301, JFOUT {25)
CONMON/UCON7/ ICRANE, TUCRANE, TULD, TUNLO, TAGY, TUAGY, IPAL

CHARACTER PRINT$2

DO 1165 TA=1,100
ATRIB{IA)=0,0
1165 CONTINUE
RETURN
END
c
CESEESSERESRRsEBREsseeesssssss  0assee
C ROUTINE FOR PLOTTING THE DATA  EVENT 8
C ESESESRSRELARERLLLLLNINERLLLL  S1RIALS
SUBROUTINE PLOTFACT
S — CONNON BLOCK-==-======msmmmmmmmmmmmmmm e e
COMMON/SCON1/ATRIB(100),DD(100),DOL (100),DTNON, 11, HFA, NSTOP,
ANCLNR, NCRDR, NPRNT, NNRUN, NNSET, NTAPE , §5(100) , 55L (100) , TNEXT,
LTNOH, XX (100)
COMMON/UCOM1/1COM, IDEOP, 1DA, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
4JRU, JCHAQ, MAG, N1G, NMAC, NRANK, NTPT, TALTG(9) , IDLER(9) , 1DAU(9)
COMMDN/UCOM2/ JPCRA, PRINT, SPAGY, SPCON, SPUABY, TTSLO, TTULSD, DLON(9),
XDULOM(9), DSTH(9), NF (30) , PARR (25, 220) , MNF (30) , ITRACK (9)
COMMON/UCONS/ TTCS (9) , MACAR(9) ,KTM(9, 100)
COMMON/UCOMA/FINTIN, IRUN, TTRUN, NARD, MPCOUNT , TENFB, JPRPT (25)
COMMON/UCOMS/LCOUNT, NPARTY (25) , DUEDAT (25, 30} , JFOUT (25)
COMMON/UCOM7/ ICRANE, IUCRANE, TULO, TUNLD, TAGV, TUAGY, IPAL

(DT P L
CHARACTER PRINT$2
L
IF(TNOW.GE.FINTIN} THEN
1X(9)=2
RETURN
ELSE
c IF(IRUN.BT.1) 60 TO 1199
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C WRITE(%,1200) TNOW, XX(20) ,NNB(20)
C{200  FORMAT(/,1X,F10.4,5X,F3.0,5X,13)
(=1
RETURN
ENDIF
END
€

Coasessassassny

C META COMMANDS

Csasexesassen

C

$STORAGE: 2

SNOTSTRICT

$PAGESTIE: 60

SLARGE

$LINESIZE: 132

SNOFLOATCALLS

C

RSP R 2202080 st 008id0se0sRseseiitititiseststsstsisss

C ROUTINE TO COLLECT THE DATA AND PRINT IT OUT AT THE END

R EE3828380803030R0308223000808080R0R0¢8080808080¢88883¢8%3"
SUBROUTINE FINSTAT

C COMMON BLOCK-------=---===vmmommmoc oo
COMMON/SCOME/ATRIB(100),DD(100),DDL (100}, DTNOW, 11, MFA,HSTOP,
YNCLNR, NCRDR, NPRNT, NNRUN, NNSET NTAPE,55¢(100),S5L (100) , TNEXT,
LTNOW, XX(100)
COMMON/UCOML/71CON, IDEOP, IDA, IENT, IPAS, IPCO, ISRFOL, ISTCO, ITOPA,
4JRU, JCMAD, MAD, N1D, NMAC, NRANK, NTPT, TALTB(9), IDLEB(F), IDAU(T)
CONMON/UCOM2/JPCRA, PRINT, SPAGV, SPCON, SPUAGY, TTSLO, TTULSO, DLON(9)
LDULOM(9),DSTM(9),NF (30),PARR(25,220) ,MNF (30), ITRACK(9)
COMMON/UCOM3/ITES(9) ,NACAD(9} ,NAGVL (9) ,NPAGVL {5),KTM(9,100)
COMMON/UCONA/FINTIM, IRUN, ITRUN, HARD, MPCOUNT, TENFB, JPRPT{25)
COMMON/UCOMS/LCOUNT  NPARTY (25) , DUEDAT (25, 30) , JFOUT (23)
CORMON/UCON&/NCRANE, NUCRANE, NULO, NUNLD, NAGV, NUAGV, NPAL,NTRAC

C S
DIMENSION SPAN(30),UTIMAC(9,30),UTIRES(7,30),UTIFIX(30,30),
LSCHRA (30, JDF (25,30), SUMAC (9) , AVUMAC(9),SDIF (), VARMAC (9},
LKRES(7)
CHARACTER PRINTS2

£

c

C --- INITIALISATION OF ALL ARRAYS IN THE FIRST RUN ---

C

IFLIRUN.GT.1) GO TO 3005
D0 3010 IDCARX=1,9
DO 3015 IDCARY=1,30
UTINAC (IDCARX, IDCARY)=0,0
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SPAN{IDCARY)=0.0
SCHRA(1DCARY)=0.0
3015 CONTINUE
3010 CONTINUE -
DO 3020 IDCARY=1,30
D0 3025 IDCARX=1,25
JDF (IDCARX, IDCARY)=0
30235 CONTINUE
D0 3030 IDCARX=1,7
UTIRES(IDCARX, IDCARY}=0.0
3030  CONTINUE
DO 3035 IDCARX=1,30
UTIFIX (IDCARX, IDCARY)=0.0
3035  CONTINUE
3020 CONTINUE

C
C --- ASSIGNING NUMBER OF RESOURCES TO ARRAY ---
c

KRES{1)=NCRANE

KRES (2)=NUCRANE

KRES(3) =NULD

KRES (4) =NUNLO

KRES (5) =NAGY

KRES (6) =NUABY

KRES (7)=NPAL
c
C --- ACTUAL COLLECTIDN OF DATA FOR EACH RUN IN THIS SEGMENT ---
c

3005 SPANCIRUN)=TNOW
SCHRA (TRUN) =5PAN{IRUN}/1TOPA
C
C --- MACHINE UTILIZATION DATA COLLECTION ---
c
DO 3040 IDCHAC=! NMAC
UTIMAC (IDCMAC, IRUN) =TTAVG (IDCMAC)
3040 CONTINUE
C
L --- RESOURCE UTILIZATION DATA COLLECTION ---
C
DO 3045 IDCRES=1,7
UTIRES (IDCRES, IRUN) =RRAVE (IDCRES+9) /KRES ( IDCRES)
3045 CONTINUE
L
C --- FIXTURE UTILIZATION DATA COLLECTION ---
L
DO 3050 IDCFIX=1,30
IF (MNF(IDCF1X).EB.0) 6D TO 3055
UTIFIX(IDCFIX, IRUN)=RRAVE (IDCFIX+14) /MNF (IDCFIX)
3050 CONTINUE
C
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C --- DUE DATE COLLECTION ---
c
3055 CONTINUE
DO 3060 JB=1,NTPT
JDF (36, IRUN) =JFOUT (J6)
3060 CONTINUE
IF (IRUN.LT.ITRUN) RETURN

c

C --~ AVERABES FOR CALCULATED IN THIS SEGMENT ---

L
NRITE($,3063)

3065 FORMAT(/,10X,’PLEASE WAIT - PRINTING ON LINE PRINTER’\)
WRITE(8,3070)

3070 FORMAT(//)
WRITE(8,3071)CHAR(27) ,CHAR(12)
3071 FORMAT(2A1)
KRITE(B,3079)
3075 FORMATCLIOX, " BERbRRSsssss s s st sa s ssasassassssssss’)
KRITE(B,3080) ITRUN
3080 FORMAT{11X,’PRINTOUT AFTER *,12,” RUNS OF THE SIMULATION °)
WRITE(8,3073)
5uM1=0.0
5UM2=0.0
WRITE (8,308%)
3085 FORMAT(//,T11,3X,’Run # Makespan (mins) Avg.Time / Part’)
WRITE(8,3090)
3090 FORMAT(T11,3X,’ ')
D0 3095 JRUN=1, ITRUN
WRITE (B, 3100) JRUN, SPAN{JRUN) , SCHRA (JRLN)
3100  FORMAT(13X,I3,6X,F11.4,15X,F7.3)
SUM1=SUM1+5SPAN (JRUN)
SUM2=5UM2+SCHRA (JRUN)
3095 CONTINUE
AVSPAN=SUM1/ITRUN
AVSCHRA=5UM2/ITRUN
IF({ITRUN.EA. 1) &0 TO 3105
50DIF1=0,0
S00IF2=0.0
DO 3110 JRUN=1,ITRUN
SODIF1=5ADIF1+(ABS(SPAN (JRUN)-AVSPAN)Y) 332
SADIF2=50D1F2+(ABS{SCHRA{JRUN) -AVSCHRA) ) #52
3110 CONTINUE
VARSPAN=SRDIF1/ (ITRUN-1)
VARSCHRA=SADIF2/ (1TRUN-1)
3105 WRITE(B,3090)
WRITE(8,3115)AVSPAN, AVSCHRA
3115 FORMAT (14X, Avg *,4X,F11.4,15X,F7.3)
IF(ITRUN.EG.1) 6O TO 3120
WRITE (8, 3125)VARSPAN, VARSCHRA
3125 FORMAT (14X,'Var ’,4X,F11.4,15,F7.3)
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C
C --- MACHINE UTILIZATIONS ---
C
3120 CONTINUE
WRITE(8,3122)
3122 FORMAT(/ )
WRITE(B,3071)CHAR(27),CHAR(12)
DO 3130 JINT=1,9
SUMAC(JINT)=0.0
AVUMAC(JINT)=0.0
SDIF(JINT)=0.0
VARMAC (JINT)=0,0
3130 CONTINUE
WRITE(8,3133)
3135 FORMAT(///,10X,’UTILIZATION OF MACHINES :’)
WRITE(B,3140)
3140 FORMAT(/,T11,3X,’Run 3 ’,\)
DO 3145 IM=1,NMAC
WRITE(B,3150)IM
3150  FORMAT(®  Mach’,Ii,’ ’,\)
3145 CONTINUE

WRITE (8, 3155)
3155 FORMAT(/,T11,3X,? ———,\)
D0 3160 JM=1,NMAC
WRITE(8, 3145)
3165 FORMAT(? e, \)

3160 CONTINUE
D0 3146 KR=1, ITRUN
WRITE(8,3170)KR
3170 FORMAT(/,13X,13,2X,\)
D0 3175 JM=1,NNAC
WRITE(8,31B0)UTINAC (IM, KR)
3180 FORMAT(®  *,F7.5,\)
3175 CONTINUE
3166 CONTINUE
DO 3185 KR=1, ITRUN
D0 3190 IN=1,NNAC
SUMAC ([ JM) =SUMAC (JM) +UTINAC (JN, KR)
3190 CONTINUE
3185 CONTINUE
D0 3195 JM=1,NMAC
AVLINAC {JM) =SUMAC (JN) / TTRUN
3195 CONTINUE
IF (ITRUN.EQ. 1) 6O 7O 3250
DO 3200 KR=1, ITRUN
D0 3205 JM=1,KMAC
SDIF {JM)=SDIF (JN)+ (ABS (AVUMAC (JM) -UTIMAC (JM,KR))) 332
3205  CONTINUE
3200 CONTINUE
D0 3210 JM=1,NMAC
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VARMAC (JM)=GDIF (IN}/ (ITRUN-1)
3210 CONTINUE
3250 WRITE(B,3155)
D0 3215 JIN=1,NMAC
WRITE(B,3163)
3215 CONTINUE
WRITE(8,3220)
3220 FORMAT(/,12X,’Average *,\)
D0 3225 IM=1,NMAC
WRITE(8,3230) AVUNAC(IM)
3230 FORMAT(F7.53," ’,\)
3225 CONTINUE
IF(ITRUN.EQ. 1) 60 TO 3255
NRITE(B,3235)
3235 FORMAT(/,12X,’Variance’,\)
D0 3240 JN=1,NMAC
WRITE(B,3243)VARNAC(IM)
3245 FORMAT(F7.5,” ',\)
3240 CONTINUE

C

C --- RESOURCE UTILIZATIONS ---
L

3255 CONTINUE

WRITE(B,3257)
3257 FORMAT(//1
WRITE(B,3256)CHAR(27),CHAR(12)
3254 FORMAT(2A1)
DO 3240 JINT=1,9
SUMAC (JINT)=0,0
AVUMAC (JINT)=0,0
SDIF(JINT)=0,0
VARMAC(JINT)=0.0
3260 CONTINUE
WRITE(8,3263)
3265 FORMATC///, 10X, UTILIZATION OF THE RESOURCES :7)
WRITE(B,3270)
3270 FORMAT(/ t1X,’Run # Crane Uncrane  Load Uload *,\)
WRITE(B,3279)
3275 FORMAT(? ABY-L  ABV-UL  Pallet’,\)
WRITE(8,3280)
3280 FORMAT(/,11X,° ")
NRITE(B,3283)
3285 FORMATY(’ '\
DO 3290 KR=1,ITRUN
WRITE(8,3295)KR
3295 FORMAT(/,10X,15,” ’',\)
D0 3300 LR=t,7
WRITE(B,330S)UTIRES(LR,KR)
3305 FORMATC  °,F7.5,\)
3300  CONTINUE
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3290 CONTINUE
WRITE(8,3280)
WRITE (8,3285)
D0 3310 KR=1,ITRUN
DO 3315 JIM=1,7
SUMAC (M) =SUMAC (JM) +UTIRES (JM, KR)
3315 CONTINUE
3310 CONTINUE
DD 3320 JM=1,7
AVUMAC (JM)=BUMAC (M) / ITRUN
3320 CONTINUE
IF(ITRUN.ED. 1) GO TO 3380
DO 3325 KR=1, ITRUN
DO 3330 JM=1,NHAC
SDIF (IM)=GDIF {JH) + (ABS (AVUMAC (JM) -UTIRES (JM,KR})) 832
3330 CONTINUE
3325 CONTINUE
D0 3335 IM=1,7
VARMAC (JM)=SDIF (JN) / {TTRUN-1)
3335 CONTINUE
3360 WRITE(8,3220)
D3 3340 JN=t,7
WRITE(B,3343)AVUMAC (I}
3345  FORMAT(® ’,F7.5, *,\)
3340 CONTINUE
IF(ITRUN.ED.1) 6O TO 3345
WRITE(8,3235)
DO 3350 JN=1,7
WRITE(8,3355)VARMAC (M)
3355 FORMAT(® ’,F7.5," ',\)
3350 CONTINUE

¢

€ --- FIXTURE UTILIZATIONS ---
c

3363 CONTINUE

WRITE(B,3370)
3370 FORMAT(//7,10%, UTILIZATION OF FIXTURES ¢ ',/)
DO 3375 JF={,30
IF (MNF (JF).EQ.0) 60 TO 3380
SUMF=0,0
FDIF=0.0
DO 3385 JR=1,ITRUN
SUMF=SUNF+UTIFIX (JF,JR)
3385 CONTINUE
AVFIX=SUMF/TTRUN
IF(ITRUN.EG.1) 6O TO 3400
D0 3390 JR=1,ITRUN
FDIF=FDIF+(ABS{AVFIX-UTIFIX(JF,JR)}} 1332
3390  CONTINUE
VARFIX=FDIF/{ITRUN-1)
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3400  WRITE(B,3395)J0F, ITRUN,AVFIX,VARFIX

3395 FORMAT(12X,’Average utilization of fixture § *,12,” after ’,
&I12,’ runs = ',F7.5," and the variance = ’,F7.9)

3375 CONTINUE

C

C --- DUE DATES FOR THE PART TYPES ---
C

3380 CONTINUE

WRITE (8,3381)
3381 FORMAT(//)
WRITE (8,3071)CHAR127) , CHAR{12)
WRITE(8, 3405)
3405 FORMAT{///,11X,’DUE DATES FOR THE PART TYPES :°,/)
WRITE(8, 3410)
3410 FORMAT{(13X,’Run § *,\)
DO 3415 IPN=1,NTPT
WRITE (8, 3420) IPN
3420 FORMAT(®  Type’, 12,7 *,\)
3415 CONTINUE
WRITE(8,3425)
3425 FORMAT(/,13X,? --===-- "\
D0 3430 IPN=1,NTPT
WRITE(8, 3435)
3435 FORMAT(® ====-mmmmmmmem ")
3430 CONTINUE
DO 3440 JR=1, ITRUN
WRITE(8,3445)JR
3445 FORMAT(/,13X,13,"  *,\)
DO 3450 IPM=t,NTPT
WRITE (8, 3455) DUEDAT (IPH, JR) , JOF {IPH, JR)
3455 FORMAT(F10.3,” = *,12,\)
3450  CONTINUE
3440 CONTINUE

WRITE (8, 3475)
3475 FORMAT{//,10X,’ "\
WRITE (8, 3480)
3480 FORMAT(’ ’)

WRITE(8,3491)

3491 FORMAT(//)

WRITE (8,3492) CHAR(27) ,CHAR(12)

3492 FORMAT (2A1)

D0 3490 JUTE=1,24
WRITE($,3495) CHAR(7)

3495  FORMAT(AL,/)

3490 CONTINUE
WRITE($,3465)

3465 FORMAT(1X,ALL THE RUNS YOU REQUESTED ARE OVER °)
PAUSE ’PRESS CTRL-BREAK KEY TO STOP THE PROGRAM’
RETURN
END
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~

SCHEDULINE SULZE THAT AFE AVAILABLE

{. Randoe seisction rule

2, Fewest operations remaining
S« Most oserations remaining
4. CShortest processing tige

%. Longest sroressing tise

ENTER THE SCHEZULING RULE YOU NEZD : 2

[1i]

ENTER THE TOTAL NUMBER OF RUNMS : 20

DO YOU WANT 7O TRACE THE SIMULATICN U YCR N I 2 N

IHTZE MAMZ OF TILZ THAT STORES THE 24RT DATA @ PARTDATA.PAR
ENTER MAME OF FILE THAT STORES PRICRITY DATA ¢ PRIGRITY.FEI
INTIR NAMT OF TILT THAT STORES LAYCUT JATA @ DISTRANCILLAY

ENTSR NRME 2F FILZ THST STCRES MMS TIMS DATA ¢ TIMZZATATINM

[ =4 e we T e

30 YOU WANT & SRINT JUT JF THE INPUT DETRILE [ i-¥ez, I-Mg 172
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ENTER THE HUMEZF GF LDADINE CPANEZ AVRILSRLE~--- !

S - - o
SRIZR THD KUMEZR CF UNLDADINS CRANIZ AVAILABLI-- |

ENTZR THE NUMEZ? OF LOADING AGYs AVAILABLE-=m—m— !

EXTIR THE NUNSZR OF UNLOADING ASVs AVAILAZLI--m—- §
ENTZF THE NUMESF OF LANES IN THE ZYETEfemmmmmm—m- 2

INTEZ THE WUMSZR OF TIXTURT TYPEZ USED -- &
QUARTI™Y OF SIITURT VST f AVAILASLE --- 2
TURNTITY T SIYTURS TYED 2 AVATLARLT --- |
QUAHTITY F TIXTURE TYSE T SVAILARLE --- 2
SUAMTITV AT STYTUDT SYDT 8 suaviani e ool
TYTURE TYRE TLeRLE
QUANTI™Y IF SIYTUPT TYEE € AVAIALILE --- !
JURNTITY IF TINTURZ TYSD 1 AVAILAZLE --- I
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NETWORK PORTION OF THE MNODEL

Fewest Operations Remaining [ FOPR ] rule used

Physical limitations of the simulation sodel :

{i) Maximum nusber of machines--------- 9
fii) Maximum number of parts that could be in the central parts
storage at any point in time------- 250
{iii) Maximua number of fixture types----30
(iv) Maximuam number of tool types------- 100
(v} MNaxisum nusber of part types------- 25

Far each part type
(i} Maximum number of alternate machines available for an
operation - 9 (But this could be less depending on
the actual nusber of machines used in the
systea)
(ii) Maximus number of operations - 10
(iii} Maximum number of taols per operation - 10

Resource details - [ See resource blocks 1
{i} Machines are treated as resources (Resource 1 to 9)
{ii) The MHS are treated as resources (Resource {0 to 16)
{iii) Fixture types are treated as resources (Resource {7 to 44)
(iv) Tracks on which the machines are lacated are treated as
resaurces
Loading tracks - Resource 47 to 51
Unloading tracks - Resource 32 to 36

The initial quantites of these resources are made 2ero as
can be seen in the resource block. The initialisation routine
alters the value of these resources as the program is run.

CONTROL STATEMENTS

GEN,RAVI THIRUVENGADAN, THESIS, 06/10/86,30,N, N, , N, NO;
LIMITS, 26,40,250;

PRIORITY/20,LVF (4)

SEEDS, 43521343 (1) ;

TIMST,XX(11), MACHL UTIL;
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TINST, XX (12),MACH2 UTIL;
TIMST, XX (13) MACH3 UTIL;
TIMST, XX (14) HACH4 UTIL;
TINST, XX (15) , MACHS UTIL;
TINST,XX(14) ,MACHS UTIL;
TINST,XX{17) ,HACHT UTIL;
TINST, XX (18], HACHB UTIL;
TIMST,XX{19) ,MACH9 UTIL;

)
sNETWORK STATEMENTS i.e; THE NODES

B

e e

MACHINES AS RESOURCES
RESOURCE/MACH1(0),1;
RESOURCE/MACH2(0) ,2;
RESOURCE/MACH3 {0}, 3;
RESOURCE/MACH4 (0), 43
RESOURCE/MACHS (0], 3;
RESOURCE/MACHA{0) 4 b3
RESOURCE/MACH7(0),7;
RESOURCE/MACHB10),8;
RESOURCE/MACH9{0),9;

1)

s COMMON RESOURCES
RESOURCE/CRANE {01, 22
RESOURCE /UNCRANE (0) , 23;
RESDURCE/LOADER (0 ,22;
RESOURCE /UNLOADER(0) , 23;
RESOURCE/ABVL (0),22;
RESOURCE/UABV(0) , 23;
RESOURCE/PALLET (0} ,22;

1

sFIXTURES AS RESOURCES

RESOURCE/FIXT1(0),22;
RESOURCE/FIXT2(0,22;
RESOURCE/FIXT3(0),22;
RESOURCE/FIXTA(0),22;
RESOURCE/FIXTS(0),22;
RESOURCE/FIXTA(0),22;
RESOURCE/FIXT7(0},22;
RESOURCE/FIXTB{0),22;
RESOURCE/FIXT9(0),22;
RESOURCE/FIXT10(0),22;
RESOURCE/FIXT11(0),22;
RESOURCE/FIXT12(0),22;
RESOURCE/FIXT13(0),22;
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RESOURCE/FIXT14(0),22;
RESOURCE/FIXT15(0),22;
RESOURCE/FIXT14(0),22;
RESOURCE/FIXT17(0),22;
RESOURCE/FIXT18(0),22;
RESOURCE/FIXT19(0),22;
RESOURCE/FIXT2010) ,22;
RESOURCE/FIXT2110),22;
RESOURCE/FIXT22(0),22;
RESOURCE/FIXT23(0),22;
RESOURCE/FIXT24(0) ,22;
RESOURCE/F1XT25(0),22;
RESOURCE/FIXT26(0),22;
RESOURCE/FIXT27(0),22;
RESOURCE/FIXT28(0),22;
RESOURCE/FIXT29(0),22;
RESOURCE/FIXT30(0},22;

1

s TRACKS AS RESOURCES
RESOURCE/TRAC1 (0), 25;
RESOURCE/TRAC2(0), 25;
RESOURCE/TRAC3 (0, 25;
RESOURCE/TRACA (0) , 25;
RESOURCE/TRACS (01, 25;
RESOURCE/TRACG (01, 23;
RESOURCE/TRACT (01, 23;
RESOURCE/TRACB(0) , 23;
RESOURCE/TRAC(0), 23;
RESOURCE/TRAC10(0) , 23;

GATE/PILEUP,CLOSE, 215
GATE/INTOP, CLOSE, 24;

NODE DETAILS OF THE ENTIRE FLEXIBLE MANUFACTURING SYSTEM

123208328380 220003 R38R 0108000000beRissRsesiittsiatesisit
] SEBMENT ~ 1 4
S t
t CREATING THE ENTIRE RANGE OF PARTS AND STORING THEM IN ¢
§ THE CENTRAL PARTS STORAGE AT THE START OF THE SIMULATION ¢
PEELRIRLLLLRLLRLRLRLALLILRLRLSILSILILRILSILILILLILLILLIILIILILIILE

CRE1 CREATE;
ASS1 ASSIGN, IT=1,XX{3)=0;
EVES EVENT,1,1; Initial part input into system
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ACT,,XX{1).EQ.1,0PE1;
ACT,, XX (1),EQ.2,D0N;
ACT;
ACCU ANAIT(21),PILEUP;
ASS2 ASSIGN, XX{3)=XX{3)+1;
ACT,, XX43) . EQ, XX(2),CLOY1;
ACT,, XX(3).LT.XX(2),MULT;
CLOY! CLOSE,PILEUP;
AS53 ASSIGN, XX(3)=0;
HULT AWAIT(22),ALLOC(1); Capturing multiple resources

2223200080022 08000808380230800800000803000¢80803080 3830338883
1 SEGMENT - 2 ]
t eseseseneee '
t THE ACTUAL ENTRY OF PARTS INTO THE SYSTEM AT THE LOADING
L STATION H]
38R R R eRot Rt it iieiRiniisasiiitsaiiiasaiiiiasasisist

-e we wma we we we wa we

ACT,USERF (1) Travel time to loading station
6OON;
ACT,UNFRM(2.0,3.0,1); Loading time at loading station
FCRA FREE,CRANE/1;
FLOA FREE,LDADER/1,1;

AW25 AWAIT(25),ALLOC(2); Waiting for track to clear

AS20 ASSIGN,XX(20)=XX(20)+1; Increment tatal number in FMS by 1
ACT,USERF(2) Travel time to the machine

SEPA GOON,2;
ACT,,,EVES;
ACT,USERF (3), ,EVEZ; Travel time for ABV tol loading stn.

EVE2 EVENT,2; Release loading AGY, clearing track
TERM;

EVEZ EVENT,3; Capturing the tools

]

R 238238800 Rl a e ittt adietiisttostiistatistiistisiti]

S | SEGMENT - 3 $

I S e ]

s ¢ ROUTING OF THE PART TO THE APPROPRIATE MACHINE FOR YHE

S ¢ OPERATION TO BE DONE ]

P BRRRNRRAIRREN AR RS RN RS EReRRARRILRIRIRRNLLLINLIINS

1]

6001 GOON, {3

ACT, ,ATRIB(B).EQ.1,BUF1;
ACT,,ATRIB(8) .EQ.2,BUF2;
ACT, ,ATRIB(8) .EQ.3, BUF3;
ACT,,ATRIB(8) .EQ.4,BUF4;
ACT, ,ATRIB(B).EQ.5, BUFS;
ACT,,ATRIB(8) .EQ. &, BUF6;
ACT, ,ATRIB{8).EQ.7,BUF7;
ACT,,ATRIB(8) .EQ. B, BUFB;
ACT,,ATRIB(8) .EQ.9, BUFY;
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BUF!
BUF2
BUF3
BUF4
BUFS
BUF&
BUF7
BUF8
BUF9

EVES4

H
GONt

L]
G6ON2

$
BON3

!
BON4
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ANAIT(1/1) MACH/13
ACT,, ,EVE4;

ANAIT(2/1), MACH2/1;
ACT,, ,EVE4;
ARAIT(3/1) , MACH3/1;
ACT,, ,EVE4;

ANAIT(471)  MACH4/1;
ACT,, ,EVE4;

ANAIT(5/1) ,MACHS/1;
ACT, , ,EVE4;

ANAIT{6/1) ,MACH/1;
ACT,, ,EVE;
ANAIT{7/1) , MACH?/1;
ACT,, ,EVE4;

AWAIT(B/1) ,MACHB/1;
ACT,, ,EVEd;

ANAIT(9/1)  MACH9/1;
ACT,, , EVE4;

EVENT, 4;

ACT,USERF (41 ;

GODN, 1

ACT, ,ATRIB(8) .EQ.1,GON1;
ACT,,ATRIB(8) .EQ.2,GON2;
ACT, ,ATRIB(8) ,EQ.3, GON3;
ACT,,ATRIB(8) .EQ.4,60N4;
ACT, ,ATRIB(B).EQ. 5, GONS;
ACT, ,ATRIB(8) .EQ. &, 60N6;
ACT, ,ATRIB(8) .EQ.7,6ONT;
ACT,,ATRIB(8) .EQ.B, GONB;
ACT, ,ATRIB(8) .EQ.9, 50N;

ASSTGN, XX(11)=1;
ACT/1,ATRIB(S) ;
ASSIGN, XX (11)=0;
ACT, , ,6060;

ASSIGN, XX (12)=1;
ACT/2,ATRIB(A);
ASSIEN, XX (12)=0;
ACT,, ,6060;

ASSIEN, XX (13)=1;
ACT/3,ATRIB{A) ;
ASSIGN, XX (13)=0;
ACT, , ,G060;

ASSIGN, XX (14)=1;
ACT/4,ATRIB(6);
ASSIGN, XX (14)=0;
ACT,,,GOGO;
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Freeing the input buffer

Waiting time for tools from tool crib

Praocessing time on M/C |

Processing time on M/C 2

Processing time on W/C 3

Processing time on N/C 4



H
BONS

L]
6ON&

]
6ON7

3
GONB

L]
GON9

}
6060
FREM

au1o
auil
aut2
auL3
aui4
U]
Aute
auL7
auis

3
SEL
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ASSIGN, XX{15)=1;
ACT/S,ATRIBIA) ;

ASSTGN, XX (15)=0;
ACT,, , 60GD;

ASSIBN, XX (18)=1;
ACT/b,ATRIB(A) ;
ASSTGN, XX (16)=0;
ACT, , ,6060;

ASSIGN, XX(17)=1;
ACT/7,ATRIB(6) ;
ASSTGN, XX (17)=0;
ACT, , ,6060;

ASSIGN, XX (18)=1;
ACT/B,ATRIB(6) ;
ASSTGN, XX (18)=0;
ACT, , , 6060;

ASSIGN, XX (19)=1;
ACT/9,ATRIB(4);
ASSIEN, XX (19)=0;
ACT,, , 60GD;

BODN;
FREE,ATRIB(8)/1,1;

ACT, ,ATRIB(B).EQ.1,8010;
ACT,,ATRIB{(8).EQ.2,0011;
ACT,,ATRIB(8) .EA.3,BU12;
ACT, ,ATRIB(B) .EQ.4,0U13;
ACT, ,ATRIB(B) ,EQ.5, 0U14;
ACT, ,ATRIB(8) .EQ.4,0U15;
ACT,,ATRIB(B) .EQ.7,8U16;
ACT,,ATRIB(8).E0.8,0U17;
ACT, ,ATRIB(B) .EQ.9, BULB;
QUELE (10}, , 1, BLOCK, SEL;
BUEUE(11),,1,BLOCK, SEL;
BUEUE(12) ,,1,BLOCK, SEL;
AUEUE (13}, , 1, BLOCK, SEL;
QUEUE (14),, 1, BLOCK, SEL;
QUEUE (15}, , 1, BLOCK, SEL;
QUEUE (14}, , 1, BLOCK, SEL;
QUEUE(17),,1,BLOCK, SEL;
QUEUE (18) , , 1, BLOCK, SEL;

- 166 -

Processing time

Processing time

Processing time

Processing time

Processing time

Release the N/C

on B/C 9

on H/C 4

on W/C 7

on H/C 8

on H/C 9

after processing

SELECT,LwF,,,QU10,8U11,8U12,8U13,8U14,QU15,0U16,8U17,8018;

ACT;
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HERR 2 022322028030 80800s080sbeseiitisstpatotiisaiisssitsetitss
;8 SEGMENT - 4 1
ittt }
; ¢  TRANSPORTATION OF THE PART BACK TO THE UNLOADING L
A | STATION FROM THE OUPUT BUFFER OF THE MACHINE t
P O ERIRERIARINTARIRR RN R ISR RIRRRILRILIIAILLINNILSILLILIILIING

AW23  AWAIT(23/1),ALLOC(3),BLOCK;

ACT, USERF (5) 5 Travel time to unloading station
AS256 ASSIGN, XX (20}=XX(20)-1; Decrease total nuaber in FMS by ¢
ACT,USERF (6); Travel time for unloading crane
GOON;
ACT,UNFRM(1.0,2.0,1}; Unloading time unloading station
FPAL FREE,PALLET/1; Release pallet
FULD FREE,UNLOADER/{; Release unloader
FRUG FREE,UABV/1; Release unloading AGV
EVES EVENT,S; Release fixture type, clearing track
ACT,USERF(7); Travel tiae to parts storage
FUCR FREE,UNCRANE/1;
EVES EVENT,b,1; Reentry of part decided
ACT,,I1.EQ.2,EVEL;
ACT,,11.EQ.4;
TERN;
]
R R38R0 R et a i neiesitssiisaessiontintotissasitssassciitssl
;i ot SEGMENT - 5 4
H S ittt '
I ¢ 1
i 3 INTERMEDIATE ENTRY OF PART INTO THE SYSTEM AS S0ON AS ¢
T | THE INPUT BUFFER OF A MACHINE BECOMES FREE 4
I $ 631802303200 080 0000830000088 s8)2s00seiicititiseinditiess

CREZ CREATE;
BAIN AWAIT(24), INTOP;
£LO2 CLOSE, INTOP;
ASS4  ASSIGN, 11=3;
ACT,,11.E0.3,EVEL;
EVE7 EVENT,7;
ACT,, ,BAIN;

-e

CREATE;

EVER EVENT,8,1;
ACT,10.0,XX(9},EQ.1,EVEB;
ACT, , XX(9) .EQ.2, TER;

1}

OPE1  OPEN,PILEUP, 1;
ACT,,XX(4) ,EQ.1, TER;
ACT, , XX(4).ER. 2, EVET;

DON  GODN,1;
ACT, , XX (4).ED. 1, TER;
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ACT, , XX (4).EQ, 2,EVET;
TER  TERM;

END;
SIMULATE;
SEEDS,-43521343(1);
SIMULATE;

SEEDS, 7973279911);
SIMULATE;
SEEDS,-79732799(1);
SINULATE;

SEEDS, 34349213 (1);
STMULATE;
SEEDS,-34349213 (1)
SIMULATE;

SEEDS, 56231987 (1)
STHULATE;

SEEDS, -562319871(1);
SIMULATE;

SEEDS, 2356971 1(1);
STMULATE;

SEEDS, 2356971 (1);
SIMULATE;

SEEDS, 9028303 (1)
SIMULATE;

SEEDS, -9028303(1);
SIMULATE;

SEEDS, 53458341 (1) ;
SIMUATE;

SEEDS, -53458341(1);
SIMULATE;

SEEDS, 23478311 (1);
SIMULATE;
SEEDS,-23478311(1);
SIMULATE;

SEEDS, 87678623(1);
SIMULATE;
SEEDS,-B7478623(1);
SIMULATE;

SEEDS, 73451239(1);
SIMULATE;

SEEDS, -73451239(1);
STHULATE;

SEEDS, 3459211235 (1)}
SINULATE;
SEEDS,-3459211235(1)3
SIMULATE;

SEEDS, 62467831 (1);
SIMULATE;

SEEDS, ~62467831 (1)
STMULATE;
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SEEDS, 98731312311}
SIMULATE;
SEEDS,-987313123(1);
SIMULATE;

SEEDS, 798324125(1);
SIMULATE;
SEEDS,-798324125(1);
SIMULATE;

SEEDS, 32453241(1);
SIMULATE;
SEEDS,-32453241(1);
FIN;
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— 17,1 —-—

TRACE OF RUN I OF THE SIMULATION

TInE
Ting
TIng
Ting
Tine
TIng
Tine

Tint

fins
(11,3
fine
1ne

Tin

fims
C U
fng
Tine
TIng

TIRE
TInE
Tine
Tee
Tine

TIRE

.0000 PART & 2 HAS SEEN SELECTED 0 4E FROCLESED (N MACHINE 2 ON TRACK 2 FUR UPERATION ¢ 1
L0000 PART ¥ | HRS BEEN SELECTED D BE PROCESSED IN MACHINE ! ON TRACK ! FOR OPERATION ¢ 1
L0000 PART 3 2 SEJIES THE LOADING CRANE, LOADING w6V, LOADER, PALLET AND FISTUKE
0000 PART 8 2 TRANSPORTED FROM THE £ P S TD TME LUADING STATION = TRAVEL TINE = 2,000
A.0000 PART &t SEIILS THE LDADING CRANE, LOADING A8V, LUADEK, PALLEY aND FIXTUNE
4.0000 PART & | TRANSPORTED FROM THE C P S TO THE LOADING STATION - TRAVEL TIRE = 4,000
4,0000 PART 8 2 THANSMURTED FXDM LUADING STATION TO MACHINE 2 - TRAVEL TIRE = 500
LURDING ALY CARRYING PART & 2 nuviNg ON LOADING fRACK 2 '
4,600 PAKT & 2 KELEASEYS CAKT AT MACHINE 2 - a6V Thavel TIRE TO CP S 2,600
EmPIY LUALING AGY MUVING UN LUAUING THACX 2
PAKY ¥ 2 NeRDY 3 TS AR macuiNe 2 .
45000 PARL & 2 LEAVING [HE INPUT BUFFEX UF SACHINE 2
4,8000 PARE 3 2 WALTS FUK 10ULS PRUA (HE TUUL CKID A) BACHINE O = walllNe 1IRt 3 1,000
LUV LUAUENG ABY 1Y xebLtASED AP Tt LUAUING STATTUN. -
10,0000 PANE 8 1 TRANSFUNIED PRUS LUAUING SIATIUN TU MAUMINE | - [KAVEL 1INt = ,3u0
LURDING #bv CARNTIND vaxl ¢ 1 AUVING UN LUADEMG [XACK 1
10,300 PANE 9 1 MELEASES LANT AT NALMINE | = AbV IxAVEL 1M T0 LM S 2 oW
SAMIT LUADING RBY RBUVIND UN LUADING (NALK
PAKL ¥ 1 NEEDS D IuULY Al BACHINE |
1U.SV0v PAKE & | LEAVING THE INPUL BUFFER UF RACHINE |
10,5000 PRRL 8 1 wALTS PUK TUULS Plus The YUUL UKLE AT MALHINE | - wAlTlNg TRz = l.uw
11,0000 LURDING ABV IS RELEASED Af THE LUAUING SIATIUN
19,6000 PART 8, 2 SEIZES DHE UNLURUING WbV, UMLUADEY, RND UNLUADING ChAnt
19.8000 PART ¢ 2 TRANSPURIED Fium MRCHINE 2 10 UNLUADING SIATIUM - ITwavel fIR: = [,000
UNLUADING ABV CAENYINL PAKT & 2 ROVING UN UNLUADING THALX ¢
20,8000 PART & 2 WAITS FOR THE UNLUARUING CRANE Al THE UNLUADING STATION ~ #alfIN6 TS = 2.00u
23.4000 PART ¢ 2 SELEASES FIXTURE
23.4000 PART 0 2 TRANSFURILD FHOM THE UNLOADING STATIOM 10 THE C P § - TRAVEL TIRE = 2,000
25.4000 PART 9 | SEIIES THE UNLOADING A6V, UNLOADER, AND UNLUADINE CRANE
25.5000 PART 0 | TRANSFOKTED FRUM MACHINE ! 10 UNLUALING STATION = TRAVEL Tine = 1,200
UNLUADING AGV CARRYING FART ¢ | mINo ON UNLOADINe [RACK !
25,4000 PART & 2 BELODNGING 10 PART TYPE 2 HAS FINISHED ALL 17S DFERATIONS

NURBER OF PARTY [HA[ HAVE LEFT THE SYSTEM = |

Tre
ries
i
fax

27,1000 FART 0 1 WAITS FOK THE UNLOADING CHRNE AT THE UNLDADING STATION - WAITING TIME = C.u00
JO.levv PAKT & | RELEASES FIXIUNE

0. 10v0 PARD ¥ 1 TRANSPUKIED PRUM THE UMLUADING STATION 10 THe C P S - TRAveL TINE = 2.u00
S2. 1oy PAKD & 1 wtruneine fU PAND TYPE 1 uay FIMISHED ALL {15 OPERATIONS

wunkkk ur PArlS INRD HAVE LEFT Tee sySikm s 2
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OPERATION SHEET

PART TYPE 1

Opn Operation Description Tool Time Machines
(mins)
o1 Rough mill top face M1 24 lor2orS
Finish mill top face M2
Drill 10 dia. holes (122) D1
Ream 10 dia. holes (12) R1
o2 Rough mill bottom face M1 24 tar2orS
Finish mill botom face M2
Drill 10 dia. holes (12) D1
Ream 10 dia. hole (12) R1
03 Rough mill side face M3 18 Sor4d
Finish mill side face M4
Drill 10 dia. holes (8) D1
Ream 10 dia. holes ((8) R1
L'af: 1=
>+ 3
Y I + + -
N R ___Qﬁ
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OPERATION SHEET

PART TYPE 2

Opn Operation Description Tool Time Machines
(mins)

o1 Rough mill top face MS 31 1orZorsS

Finish mill top face M&

Drill 8 dia. holes (16&6) D=2

Ream 8 dia. holes (16&) R2

Countersink 8 dia. holes CS1

(186)
G =& e %+
. &
5 B B b B D
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OPERATION SHEET

PART TYPE 3

Opn Operation Description Tool Time Machines
(mins)

01 Rough mill bottom face M7 b lor2orS
Finish mill bottom face M8

o2 Rough mill top face M7 23 Sor4
Finish mill top face M8
Rough mill all around MS
Finish mill all around M6
Mill slots (4) M9
Mill bottom of slots M10

e O R O O T

L—_—____--__-_..._------_—..
e — —

— e B N IR

e - > w  wm e e et b m aw  m am ew o e e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




- 176 -

OPERATION SHEET

FART _TYPE 4

frr i

$oe

bed

Opn Operation Description Tool Time Machines
(mins)
01 Drill 10 dia. holes (12) D1 4 lorZorS
Enlarge holes to 20 dia. D3
(12)
Ream 20 dia. holes (12) R3
o2 Rough mill end face M3 17 3or4a
Finish mill end face M4
Rough bore dia._ﬁg BS
Finish bore diaiﬁﬁg B&
Rough bore dia. B3
Finish bore dia..g B4
Drill 12 dia. holes (4) D4
Ream 12 dia. holes (4) R4
Tap 12 dia. holes (4) T1
s AN
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OPERATION SHEET

PART _TYPE S

Opn Operation Description Tool Time Machines
(mins)
o1 Rough mill top face MS 36 lor2ors
Finish mill top face Mé
Drill 5 dia. holes (24) DS
Ream S5 dia. holes (24) RS
Tap S dia. holes (24) T2
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OPERATION SHEET

PART TYPE

&

dia. -

~A

Opn Operation Description Tool Time Machines
(mins)
o1 Rough mill bottom face M7 8 lor2orS
Finish mill bottom face M8
o2 Rough mill top face M7 14 lorZ2orsS
Finish mill top face M8
Drill 10 dia. holes (7) D1
Enlarge holes to 20 dia. D3
(7)
Ream 20 dia. holes (7) R3
o3 Rough mill inner profile M9 21 4
Finish mill inner profile M1l
Rough bore 3 holes of B1
dia. 4
Finish bore 3 holes of B2
Rough bore 1 hole of BS
dia. =
Finish bore 1 hole of B&
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FIXTURE _TYPE AND CUTTING TOOLS INFORMATION

- 179 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 180 -

FIXTURE TYPE DETAILS

Part type Opn Fixture
1 o1 1
02 1
03 1
2 01 2
3 01 3
02 3
4 01 4
(o) 4
S 01 3
6 01 S
02 S
o3 1)
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CUTTING TOOLS INFORMATION

Tool # Tooal caode Tool description
1 B1 Boring tool - 1
2 B2 Boring tool - I1
3 B3 Boring tool - IIIl
4 B4 Boring tool - IV
=] BS Boring tool - V
() B&6 Boring tool - VI
7 Cs1 Caounter sinking tool - 1
8 D1 Drill 10 mm dia.
9 D2 Drill 8 mm dia.
10 D3 Drill 20 mm dia.
11 D4 Drill 12 mm dia.
12 DS Drill S mm dia.
13 M1 Milling cutter - 1
14 M2 Milling cutter — IIX
15 M3 Milling cutter - III
16 Ma Milling cutter - IV
17 MS End milling cutter - 1
18 Mo End milling cutter - I1
19 M7 Milling cutter - V
20 M8 Milling cutter - VI
21 M9 End milling cutter — II1
22 M1i0 End milling cutter - IV
23 M11 End milling cutter - V
24 R1 Ream 10 mm dia.
25 R2 Ream 8 mm dia.
26 R3 Ream 20 mm dia.
27 R4 Ream 12 mm dia.
28 RS Ream S5 mm dia.
29 T1 Tap 12 mm dia.
30 T2 Tap S mm dia.
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