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I. STATEMENT OF PROBLEM

This thesis develops a set of computer assisted facility layout
programs utilizing the technology of computer graphics. These programs
are collectively referred to as FLAG (Facility Layout Algorithm using
Graphics). FLAG is primarily a construction layout procedure that
enhances both the role of the computer and the engineer in computerized
facility design.

Facility layout programs, to date, have been extremely limited in
the role they play in the development of the actual plant layout. Most
of these programs yield as output, a block diagram that specifies only
the desired relative positions of workcenters in relation to each other.
The design is still several person-hours from its final configuration.

FLAG programs can be incorporated into the complete facility layout
process. They assist the engineer in designing workcenters, establishing
aisles, and positioning workcenters within the facility. FLAG layouts
include details, such as positions of machines, workbenches, tool
cabinets, and operators.

FLAG also gives the engineer an expanded role when opting to use
a computer for facility design. Most present computerized plant layout
programs are of the batch mode type. They require only an initial
input by the user. These programs then generate layout designs by
established quantitative decision algorithms, which by nature tend to be
oversimplifications of the realistic criteria that is required for good
design.

FLAG does use a design algorithm, but to a more limited extent.
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The FLAG algorithm places workcenters in the layout one at a time, At
each step, the user is asked to adjust the design to reflect qualitative
criteria not intrinsic to the design algorithm. To this extent, FLAG
is both a construction and improvement procedure.

FLAG requires more input by the user, but results in a more
realistic and usable output. Therefore, FLAG is referred to as a computer
assisted, as opposed to computerized, facility layout program. FLAG
requires the engineer to use more specific design skills on an interactive
basis. It is a tool for the design engineer to use in developlng the
best facility layout.

Using computer graphics, FLAG is able to relax several constraints
that have historically limited the utility of previous layout programs.
Such constraints have included the following:

1. All departments (or workcenters) have been assumed
to be either rectangular or symmetrical. FLAG
relaxes both of these requirements. Workcenters may
assume any straight line segments. For example, a
workcenter with an L-shaped perimeter is allowable.

2. Material flows have been measured between the center-
points, or centroids, of departments. FLAG measures
material flow from estimated points of departure and
entry between departments. This makes the orientation
of workcenters to each other a relevant factor.

3. Existing plant layout programs have assumed depart-
mental shapes to be completely flexible. FLAG
assumes that departments have an internal skeleton
of machines and other elements that determines and
fixes their shapes.

4. Departments have been denoted as blocks with no
internal details given. FLAG interactively assists
the engineer in designing departmental interiors.

The final FLAG layout details departmental interiors,
as opposed to mere outlines.
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5. Aisles external to departments have traditionally
been ignored. FLAG permits the user to designate
aisles between departments.

6. Other facility layout programs design plants on a
grid, with grid blocks of a specified rectangular
area., Departmental areas are required to equal some
multiple of this grid block size. FLAG designs the
layout on a continual plane. Therefore, no restric-
tions are made on departmental area.

7. Historically, the designer has not been able to
examine plant layouts at interim design stages.

FLAG permits interim viewing, which enhances the
interactive process between computer and User.

The FLAG layout discipline also has some unique features. FLAG
recognizes that the facility to be designed may manufacture several
products, It further recognizes that the desired layout may change with
respect to different proposed product mixes. FLAG permits the user to
develop separate layouts to compare effects of different product mixes.
FLAG programs are structured as separate task modules which can be
accessed independently, providing flexibility of output and easy expand-
ability of the programs.

This thesis describes the development and use of FLAG., An evaluation
that compares FLAG to the widely used computerized facility layout
programs 1s also presented. The evaluation is made on the basis of
required user input time, optimality criteria, validity of move/cost
relationships, and the quality and utility of program outputs.

A variety of literature has been written that documents the

operation of existing computerized layout programs. A review of this

literature is presented in the following chapter.
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II. REVIEW OF RELEVANT LITERATURE

A. Overview
The use of computers to layout industrial facilities is not a new
concept. The first computerized facility layout programs were developed
in the 1960s, and have since proliferated. The most widely used as
listed by Thompkins and Moore [22 | are:
CRAFT - Computerized Relative Allocation of Facilities,
COFAD - COmputerized FAcilities Design,
PLANET - Plant Layout ANalysis and Evaluation Technique,
CORELAP - COmputerized RElationship LAyout Planning, and
ALDEP - Automated Layout DEsign Program.
Examples of outputs of the above programs are presented in Appendix I.
A list of some of the less popular programs as surveyed by Moore ElS]

is presented below.

CASS LAYOUT
CcoLo 2 LSP
CoMP 2 MAT
COMSBUL MUSTLAP 2
DOMINO OFFICE
FRAT PLAN
GENOPT PREP
GRASP RMA
IMAGE RUGR
KONUVER SISTAP
LAYADAPT SUMI
LAYOPT TSP

There is another class of programs that are altered versions of
previously developed programs. For example, Nelson [17] developed an
altered version of ALDEP, called OPDEP (OPtimal DEsign Program). Also,
CRAFT IV and CRAFT M [ 8] are altered versions of the original CRAFT

program, which was first presented by Buffa, Armour and Vollmann [4]-
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Before reviewing in detail the significant facility layout programs,
it is helpful to define terms. To begin, Francis and White [ 7] have
divided computer algorithms into construction and improvement algorithms.
Construction algorithms begin the departmental layout process from
scratch. They are primarily used to layout new facilities and represent
the most common algorithms. Major examples of construction algorithms
include PLANET, CORELAP, and ALDEP.

Improvement algorithms must begin with some form of an initial
layout. The algorithm then seeks to improve the layout in terms of some
criteria by interchanging departments or activities. CRAFT and COFAD
are examples of major improvement algorithms.

This thesis will further divide facility layout programs into the
dual classification of computerized facility layout programs and computer
assisted facility layout programs. The computerized facility layout
program divides the process into two distinct steps. The user initially
inputs all data required by the program. The program then does all
analysis, with only moderate, if any, additional user input.

Alternatively, the computer assisted facility layout program does
not make the above two step distinction in the layout process. The user
inputs the data interactively during the course of the layout process.
This permits the user to work with the program by making decisions based
on qualitative factors not easily programmed.

Three other definitions of terminology include activity relationship
chart, Muther's six-step priority closeness rating scale, and layout
discipline. These terms are discussed separately below.

The activity relationship, or REL chart, details in matrix form the
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coded input which denotes the relationship that exists between each
department (workcenter) pair. Some form of this data is iEQuired by all
facility layout programs. As stated by Moore [15], "In a problem where
more than one activity is to be located, it is impossible ... to conceive
of a computer working on the problem without this type of data as input,
either in discrete or continuous form."

Muther's six-step priority closeness scale, as defined by Francis
and White [7], is named for its creator, Richard Muther. It relies
upon a common six letter code (A, E, I, 0, U, and X) which is used in the
input of REL chart data. The different letters are associated with
different desired levels of closeness. The standard code for the six-
step priority closeness is found in the rating table illustrated in
Figure 2.1. Of note is the special notation of the X code, which
indicates that it is undesirable to have two departments located close
to each other. The interpretations on the A, E, I, 0, U, and X codes
are not standard among facility layout programs. Nelson [17] for example,
suggests a code interpretation for OPDEP that differs from that in ALDEP.

Finally, the term layout discipline denotes the algorithmic
procedure by which the computer makes the basic layout decisions. This
refers to what department should be placed in the layout next, and where
to put it.

Five major facility layout programs are reviewed in detail in the
following sections. Some of the less popular programs that have unique

features are also discussed.
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Code Reason Rating Description
1 Material flows A Absolutely necessary
2 Common personnel_ E Especially important
3 Convenience I Important
4 Noise 0 Ordinary closeness, 0.K,
5 Dock location U Unimportant
6 Floor supports X Undesirable

Figure 2.1. Example of activity relationship (REL) chart

using Muther's six-step priority closeness rating
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B. CRAFT: Computerized Relative Allocation of Facilities Techniques

CRAFT is an improvement algorithm and was developed in 1963 by
Elwood S. Buffa, Gordon C. Armour, and Thomas E. Vollmann [4]. The
objective was to develop a facility layout approaching minimum trans-
portation cost. This transportation cost is obtained by multiplying the
figures from a user input from-to chart by figures in an input move-
cost chart. This product is then multiplied by the rectilinear distances
between the centroids of plant workcenters.

For example, suppose 500 moves per unit time are made between two
workcenters and that each move costs $.50 per foot. In the final layout,
suppose the workcenter centroids are ten feet from each other, The

transportation costs between these two workcenters are then calculated as:
500 moves/unit time x 10 feet/move x $.50/foot = $2500/unit time

CRAFT attempts to minimize the sum of these transportation costs.
Thompkins and Moore [22] have stated that the results from CRAFT, are
generally good. These facts may be the reasons that Hicks and Cowan [8]
listed CRAFT as the most widely used of all faecility layout programs.

CRAFT is limited by several assumptions, as detailed by Thompkins
and Moore [227]. Material handling methods must be specified before
using CRAFT. Move-costs are assumed to be certain and independent of
material handling equipment utilization. Move-costs are also assumed
to be linearly related to length of the moves. All material flows are
assumed to be between workcenter centroids and rectilinear.

CRAFT inputs consist of a parameter card which specified problem

to be solved and any of CRAFT's options the user may elect to use. CRAFT
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also requires from-to chart and move-cost data. Since CRAFT is an
improvement program, an initial layout must also be specified. The
CRAFT layout discipline is detailed on the following page:
1. Determine department centroids of current layout.

2. Store rectilinear distances between departments i and j
in a distance chart. (Dij)'

3. Calculate transportation cost between all departments i
and j (TCij).

TC, . = FT., x MC, ., x D, , (2.1)
1] 1 | 1] 1]

FTij= From-to chart value for departments i and j.
MCij: Move-cost chart value for departments i and j.

4. Departments with equal area or common borders are then
considered for interchange to see if such a switch will
reduce transportation costs.

5. The interchange giving the greatest transportation cost
reduction is implemented, and the algorithm returns to
step 1. If no interchanges can be found in the layout
that reduces the transportation cost, the algorithm is
terminated.

CRAFT output includes a reprint of all input values together with
a layout pattern for each CRAFT iteration. Each layout pattern includes
a total transportation cost and a cost reduction figure. A sample
CRAFT output is presented in Appendix I.

Apple [2] has listed several advantages and limitations of the
CRAFT program. Some of his remarks have relatively more merit than
others. CRAFT's advantages include short CPU time requirements and
potential use for office layouts., The disadvantages of CRAFT are more
significant. CRAFT may not find the best layout by switching only two

or three, departments at a time. It also does not allow preassigned

workcenters. Even more limiting is that switched departments must be
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the same size, adjacent to each other, and border on a common depart-
ment. Input is cumbersome and limited to 40 departments. Apple also
suggests that CRAFT is flawed because the output is not directly usable,

and first requires hand adjustment.

C. COFAD: COmputerized FAcilities Design

COFAD is very similar to CRAFT except for one major difference.
COFAD allows for different material handling methods in making any
particular move. Therefore, not only does COFAD select a plant layout,
but it also allows selection of material handling methods. The objective
of COFAD is to develop a layout and materials handling system which
approaches a minimal material handling cost.

There is a secondary distinction between COFAD and CRAFT is detailed
by Thompkins and Moore [22 ]. COFAD allows the assumption that parts
may travel in either rectilinear paths or straight lines. The straight
line assumption is more representative of some conveyor type material
handling systems.

COFAD's input requirements include a parameter card specifying the
problem at hand, any of COFAD's éptions which are to be used, and a from-
to chart for each mobile material handling system alternative. Also
required is a description of material handling equipment alternatives
available for each move, and an indication whether the move is to be
straight line or rectilinear. Finally, cost data for all material
handling equipment alternatives and an initial layout are necessary.

The COFAD layout discipline is described below:

1. Determine the departmental centroids of current layout.
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Determine the move-cost (MC) for each move for each
material handling alternative. This 1s dependent

on the type of material handling equipment.

a. fixed path equipment:

= X + NVC. , 2.2
MCijk Vcijk Mij W ijk ( )
VC - variable cost ($/feet)
M - movelength (feet), calculated by COFAD
MVC- non-variable cost ($)
i - from department
j - to department
k - material handling type
b. mobile equipment:
= + X w 3
MC; e VC; g X MT, g + MVC, o EUle (2.3

MT - move time (hours)
EU - equipment utilization for move (%),
calculated by COFAD

Select material handling equipment for each move. This
is the material handling equipment with the smallest
move=cost,

First improvement phase - this phase interchanges material
handling equipment for a move, if such an interchange will
improve utilization of an equipment type that has been
selected in step 3.

Second improvement phase - this phase examines department
interchanges that will reduce transportation cost. When
an interchange is found that reduces the transportation
cost, it is implemented.

Test for steady state — COFAD compares new layout with
last iteration layout. The cost of materials handling
system and the number of changes in material handling
equipment assignments may vary by less than an initially
specified steady state percentage. If so, the algorithm
is terminated. If not terminated, the process returns to
Step 1.

Sensitivity analysis - after termination of the main
algorithm loop, the flow volumes on the from-to charts
are varied by some initially set percentage. The main
algorithm is restarted. The purpose of this is to
verify that the previous steady-state solution is indeed
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correct. The procedure protects against the design of a
facility which is not able to handle flow variances.

A sample of a COFAD output is presented in Appendix I. COFAD has
some obvious advantages over CRAFT as an improvement program. COFAD
considers alternative material handling systems and the choice of using
straight line or rectilinear material flows. Obvious disadvantages
include the increased complexity, high computation time, and more

extensive required inputs.

D. PLANET: Plant Layout ANalysis and Evaluation Technique

PLANET is a construction algorithm which requires the same basic
input as CRAFT. According to Thompkins and Moore [22 ], PLANET is the
most flexible of the principal facility layout programs.

PLANET requires material handling systems to be selected prior to
utilization of the program. Move-costs are assumed to be independent
of material handling system utilization and are linearly related to the
length of the moves. As usual, all flows between workcenters are assumed
to originate and terminate at the departmental centroids, and direction
is not important. Finally, PLANET does not assume a particular building
shape, and therefore, layouts of ten have irregular exterior perimeters.

The user of PLANET gives all departments a placement priority
number from one to nine (one is the highest priority). This priority
refers to the sequence of placement into the layout location. The
user has the option of entering from-to chart data, or designating the
relationship between departments by use of a penalty chart. If the
user chooses a penalty chart input, the penalties range from -9 to 99.

A -9 penalty indicates an undesirable closeness between departments.
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With the input of this data, PLANET utilizes one of three placement

algorithms:

l. Selection method A:

a.

Review all placement priorities of all departments
that have yet to be placed.

0f those departments within highest placement
priority group, select the department with the
highest move-cost, or penalty, with one other
department. Place this department in the layout.

Repeat step a.

Of those unselected departments within the highest
remaining placement priority group, select the
department with the highest move-cost, or penalty,
with one of those departments already placed. Place
this newly selected department next to the department
with the highest move-cost, or penalty, relationship.

Repeat steps ¢ and d until all departments have been
placed in the layout.

2. Selection method B:

a.

Select the first two departments by the method specified
in Steps la and 1b.

Place the department in the highest placement
priority group with the highest sum of move-costs,
or penalties, with all other previously placed
departments.

Repeat step b, until all departments have been placed
in the layout.

3. Selection method C:

d.

Place the department in the layout that is the
department in the highest placement priority group
with the highest sum of move-costs, or penalties,
with all other departments.

Step a 1s repeated for all unselected departments
until all have been placed.

In all three selection methods, the positioning routine is identical.
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The first two selected departments are set adjacent to each other in the
layout field. Additional erartments are positioned at the location
that minimizes the increase in material handling costs. The PLANET
output consists of a documented version of input, a listing of internally
utilized data matrices, and a copy of the layout generated by each of
the selection methods. A sample of this output is presented in
Appendix I.

Apple [2] has suggested that one of the advantages of PLANET is
that it "requires interaction between computer routine and engineer,
Lo exercise judgment." However, this interaction is very 1imitéﬁ.
PLANET does have the advantage that it is flexible in application to
situations where quantifiable relationships exist between activities,
It is also flexible in the choice of method for selecting and placing

departments.

E. CORELAP: COmputerized RElationship LAyout Planning

CORELAP was developed by Lee and Moore [13], and represents the
first effort at development of a construction algorithm. It is also
one of the simplest algorithms, and requires the least amount of input
data of all those programs discussed thus far. However, the data that
that are required are difficult to obtain. A unique feature of CORELAF is
that it measures distances between departments at the closest points,
as opposed to centroids.

There are also similarities to the programs discussed earlier. The
layout shape generated is irregular. The design of the layout is not

based on the material handling systems or the relative move-costs. For
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layout scoring, the flows are assumed to follow the shortest routes
between departments.

The main input is the REL chart using the Muther's six-step
priority closeness scale (A, I, I, 0, U, X). CORELAP assigns the values
65 5, 4, 3, 2, and 1 to the rating scale (e.g., A=6, EZ5, etc.),
CORELAP uses this input to calculate the total closeness rating (TCR)
for each department. The TCR is the sum of numerical values representing
the A, E, I, 0, U, X codes. The layouts are scored as specified by

Equation 2.4.

n
TCR = & B D, .CR . i#j 2.4
# 15 DRy P
n = number of departments.
i3 = shortest route between departments, i and j.
CR., = the numerical representation of the closeness

t] rating (6, 5, 4, 3, 2, 1) between two departments,
i and j, from the REL chart.

The layout discipline utilized by CORELAP, as detailed by Thompkins and
Moore [22], will now be described.

1. The department with the highest TCR is placed in the
center of the layout. If there is a tie, the department
with the largest area is selected.

2. Remaining departments are checked to find the highest
priority closeness rating with the department just placed.
If a tie again occurs, the department with the largest
area is selected.

3. Remaining departments are scanned for an "A" priority
closeness rating with the first department placed. If
none is found, then the remaining departments are searched
once again for an "A" priority closeness rating with the
second department placed. If none is found, the procedure
1s repeated again until relationships with the last
department placed are examined. If no department has
been selected, the process begins again looking for an
"E" relationship with the first department place, and
50 on.
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4, When a department has been selected by the method detailed
in step 3, it is placed in the layout. The placement of
a department is determined by use of a placement rating.
The placement rating is the sum of numerical closeness
rating with departments on the boundary of the department
being placed. A placement rating is calculated for each
position available along the perimeter of the existing
layout. The department is placed in the position with
the highest placement rating.

5. Steps 3 and 4 are repeated until all departments have
been placed.

As stated by Thompkins and Moore [22], the output of CORELAP
consists of a copy of all input, a listing of the modified input
utilized by CORELAP, an order and distance table, and a final layout.
CORELAP also has the option of utilizing a CALCOMP plotter for the final
version of the layout.

Like the programs discussed so far, CORELAP is primarily a batch
mode program. However, there is a newer interactive version of CORELAP
which merits some discussion, if for no other reason than it is philo-
sophically similar to the basis for FLAG. Interactive CORELAP is
considered a construction program. Regular CORELAP is an improvement
algorithm. Interactive CORELAP allows the user to revise the obtained
layout shape or solution. This approaches the concept of a computer
assisted facility layout program. Interactive CORELAP also allows
the user to score a layout at any stage of the program. Department
locations may also be pre-assigned to specific locations. The batch

version does not have these features.

F. ALDEP: Automated Layout DEsign Program

ALDEP's input is basically identical to that of CORELAP. The

ALDEP program, however, is very unique in other aspects, ALDEP generates
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several hundred layouts by a random placement algorithm. The program
scores each layout, allows the designer to compare them, and select the-
best one. Another distinction of ALDEP is its ability to layout a
multi-story plant, up to three floors. This final feature, however, can
present difficulties. For example, Muther and McPherson [16 ] have
stated that some activities could be split between floors by chance.

The ALDEP input consists of a departmental listing, related
department sizes, a REL chart using Muther's siX-step priority closeness
rating scale, the number of layouts to be generated, block size, sweep
length used in the placing of departments, minimum score required to
print out a layout, and two random number seeds. Like several other
programs previously discussed, ALDEP allows the user to preassign
departments. The A, E, I, 0, U, and X ratings differ from those used in
CORELAP. The scores 64, 16, 4, 1, 0 and -1024 are assigned respectively,
to each of the codes. Like CORELAP, these numbers are used in scoring
the layout. The layout discipline is discussed by Thompkins and Moore
[22] and is described below:

1. Assign all departments which have been preassigned to the
layout blocks.

2. Randomly select first department to be placed in the
layout. (This department may be specified, but this
is not recommended.)

3. Scan all unselected departments in the highest remaining
priority closeness category. If there is more than oue
department in this category, one of them is randomly
selected.

4. Place the selected department, block by block, according
to a path determined by the sweep length. (Refer to
Figure 2.2.)

5. Repeat steps 3 and 4 until all departments are placed.
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6. The layout is next scored. This is done by reviewing
all cells in the REL chart. If two departments are
contiguous, the relationship numerical value (A=64, E=16,
etc.) is added to the score. If the departments are
within one block of each other, then half of the relation-
ship's numerical value is added to the score.

7. If the score is equal to or greater than the score
specified by the user, the layout is printed.

8. If the specified number of layouts have been generated,
the algorithm ends. If not, the execution returns to
step 1.

The layouts generated by ALDEP are highly dependent on the sweep
length specified. This is because the sweep length determines the path
by which department blocks are placed in the layout grid (see Figure
2.2). Different sweep lengths will generally result in different
layout possibilities. Therefore, to assure optimal results, Che
program should be run at various sweep lengths.

Thompkins and Moore [22] suggest that one reason ALDEP is very useful
is that aisles, stairwells, docks, and other layout details not directly
associated with workcenters can be placed. However, this claim is an
exaggeration as can be seen by examining the sample ALDEP output in
Appendix 1.

Nelson [17] developed an enhanced version of ALDEP called OPDEP
(Optimal Plant DEsign aud Evaluation Program). OPDEP makes some simple,
but logical, changes in the manner in which the layout discipline
scans REL chart data to select departments for placement. Nelsen sSuggests
relating the A, E, I, 0, U, and X values to material flow levels of
individual facilities. This reduces the arbitrary nature of the choices

made by ALDER.
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G. Other Facility Layout Programs

There exist a variety of programs which have received less
attention in published literature. O0'Brien and Barr [18] have used
computer graphics to develop an improvement program. The prograa
interchanges departments to see if weighted material handling costs can
be reduced.

There are also some theoretical layout disciplines that have been
presented in the literature not associated with any particular named
program. For example, Bazaraa [3] has developed a layout scheme based
on layout techniques have also been discussed by Papineau, Francis and
Bartholdi [19] and Thorton, Francis, and Lowe [23].

There is also work being done on using the computer to layout
particular sections of an industrial facility. For example, Moore
Elh] reported the use of a computer in the planning of storage
facilities. There has also been work documented on the use of computers
in the layout of office facilities as described by Vollmann, Nuggent
and Zartler 257

Table 2.1 describes some of the features of the more unique
facility layout programs. This illustration lists whether the program
is a construction, or improvement algorithm together with REL chart
input requirements. The table also lists appropriate references for
each program.

FLAG incorporates and extends many features of the programs that
have been described in this chapter. Chapter III describes the use and

operation of FLAG in detail.
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III. METHOD OF OPERATION

A. Introduction
The purpose of this chapter is to describe the principal operational
features of FLAG. Facets of the operation of the FLAG programs are

illustrated using a detailed numerical example.

B. Distinguishing Operational Features
FLAG 1s a series of programs which encompass a large part of the
facility layout problem - from developing individual workcenter layouts
to the printing of the final layout. Some of the distinguishing features
of FLAG include:

- An actual plant layout as opposed to a numerical grid.

i

Internal layouts of individual workcenters.
- Programs are adapted to taking into account different product
mixes of multi-product facilities.
- Flows are measured from workcenter points of entry and departure.
- A greater degree of user participation.
These distinguishing aspects of FLAG are illustrated in greater detail

in Chapter VI.

C. Program Description
FLAG is comprised of four programs which utilize four subroutine
libraries. The four FLAG programs are outlined belows:
FLOWS - Phase one involves the input of all data detailing
the flows between workcenters required for REL chart

calculations.
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WORKOUT - Phase two of the facility layout procedure which
develops the layout of individual workcenters (ot
departments).

LAYOUT - Phase three generates the proposed facility layoucr
interactively with the engineer.

OUTPUT - Phase four generates various forms of output

according to user needs and specifications.
The four subroutine libraries utilized by FLAG are:
IGL - Interactive Graphics Library, a set of
PLOT 10 graphics subroutines used by the
VAX computer.

TEMPS - A series of subroutines that draw templates
of machines, workbenches, etc. This library
also contains a directory of templates.

UTIL/A and UTIL/B - Libraries of general purpose FORTRAN
subroutines that perform various tasks
required throughout FLAG. For example,
the subroutine CLEAN erases the graphics
display.

The interaction and logical flow of these programs and subroutine
libraries are illustrated in the general flow diagram shown in Figure

3.1. Detailed descriptions are presented in the next section using

a numerical example to describe the FLAG layout procedure.

D. A Numerical Example
Throughout the remainder of this chapter a numerical example is used
to describe the FLAG layout process with clarity. The example is that of
a fictitious manufacturing company which produces three products referred
to as A, B, and C.

The production of products A, B, and C requires six purchased parts
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designated as P1 to P6. It has been determined that five workcenters,
or departments, are required to perform all manufacturing processes.
These departments are denoted as shipping (S), receiving (R), and work-
centers I, II, and III. The purchased part make-up for each product
together with process locations for each part are shown in Table 3.1.
Partially completed subassemblies of Product A are denoted as A2 and A3.
Similar subassemblies for Products B and C are denoted as B2, B3, and C2,
respectively. Figure 3.2 illustrates all part flows between departments.

All interdepartmental flows are groups of parts, subassemblies,
and final products. The size of these flows is determined by the par-
ticular material handling system. This size also establishes the move-
cost per foot of each group of parts, subassemblies, and final products.

These values are presented in Table 3.2.

1. FLOWS subroutine

The from-to chart can now be developed. All calculations are
done by FLOWS after the user inputs the product mix. This from-to
chart depicts the number of movements between departments for a pre-
determined unit of time and product mix. The example from-to chart is

based on a period of one year, and the following production mix:

Product A 5000 units
Product B 3000 units
Product C 1500 units

Once this product mix has been input, material flows between depart-
ments, are calculated, using data entered by the user. A flow chart
outlining FLOWS is presented in Figure 3.3. For example, suppose a

purchase part flows from Receiving to Workcenter I. From Table 3.1, it
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Figure 3.2. Departmental part flow patterns
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Table 3.1. Routings and configurations of manufactured parts

a

PRODUCT PART PART QUANTITY PROCESS LOCATION
A Pl 3 I
P4 4 Ll
P5 1 ITI
P6 6 ITI
B Pl 3 1L
P2 2 I
B3 4 -1
P5 o ITI
c Pl 2 I
P2 2 I
Pa 6 111
P6 6 I11I

Yorkcenter numbers.
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Table 3.2. Parts move data

ITEM UNITS/MOVE MOVE-COST/FT.
PL 25 .50
P2 50 .30
P3 30 .50
P4 20 w25
P5 25 . 30
P6 50 .40
A2 10 «75
B2 15 .60
c2 25 w70
A3 10 85
B3 10 « 70
A 5 125

B 5 1.10
C 2 1.00
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Figure 3.3. General flow chart for FLOWS program
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can be seen that product A requires 3 units of Pl, product B requires
3 units, and prdduct C requires 2 units. From Table 3.2, Pl moves in
groups of 25 units. Therefore, the general equation for the number of
moves of Pl, referred to as P1* is:

P1° = (3A + 3B + 2C)/25 (3.1)

Therefore, with the suggested product mix:

te

P1¥ = [(3 x 5000) + (3 x 3000) + (2 x 1500)]/25
P1* = 27,000/25
P1¥ = 1080

Similarly, from Table 3.2, subassembly A2 moves in groups of 10
units. Since there is one subassembly for each unit of product A, the

general equation for the number of A2 subassemblies, A2", is:

A2% = A/10
A2° = 5000/10
A2* = 500

Ten represents the number of units moved per group (See Table 3.2). The
fraction A/10 is always rounded up to the nearest integer value.

General equations for interdepartmental movements, based on data
from Tables 3.1 and 3.2 are presented below. Specific values, based
on the above product mix, are also show, rounded up to the nearest

integer value.

P1¥ = (34 + 3B +2C)/25, P1* = 1080
P2¥ = (2B + 20)/50, P2* = 180
P3* = 4B/30, P3 = 400
P4 = 4A/20, P4" = 1000
PS* = (A + 4B + 6C)/25, PS* = 1040
P6* = (6A + 6C)/50, P6” = 780



Table 3.3.

From-to chart

TO
FROM N R I I ITT 5
R o P l','r +P 2-,'.’ P 3‘.': +P q‘.': P 5-;: +p 6.‘-: 0
I 0 — A27:+B 2:’: 02-.': 0
= 4
II 0 0 g A 3‘.': +B 3:': 0
I11 0 0 0 R A‘.‘:+B.‘v‘.+c.r
S 0 0 0 0 o :
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Table 3.4. Move-cost table
TO 4
R I II III 5
FROM
=
R ——- | .5e1* +].5p3" +|.3ps* +]| o
JAP2°E 25P4™ L 4PE”
I 0 — L.75827°+] .7c2 0
.6B2
11 0 0 --- |.833°+| o
7B 3"
1.254%+
111 0 0 0 s 1&%5 +
[
5 0 0 0 0 Sm




Table 3.5.

Move-cost table for annual production levels of 5000,

(5]
~l

and 1500 for products A, B, C, respectively

3000,

TO
I II III s
FROM
I
R 594 450 624 i 0
?
1
3 b
I = 495 42 0
1
3
3
1T i o B 335 0
3
] 1
I1I 0 0 e 2660
e —
5
5 0 0 0 _—
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A2¥ = af10, A2¥ = 500
82" = B/15, B2* = 200
c2* = ¢/25, c2* = 60
A3" = A/10, A3" = 500
B3* = B/10, B3" = 300
A" = a/s, A% = 1000
B* = B/S, B* = 600
¥ =¢/2, c* = 750

Using Figure 3.2 and the results above, the resultant general from-
to chart can be developed and is presented in Table 3.3. The move-cost
per foot data from Table 3.2 are then applied to the from-to chart to
obtain the move-cost table presented in Table 3.4. The calculations in
Table 3.4 are completed in Table 3.5 using the production levels previously
suggested. The values in Table 3.5 represent the material handling costs
for each foot that separates each department. For example, it will cost
$594 ($0.50 x 1080 + $0.30 x 180) in material handling for each foot
that separates Receiving from Workcenter I. (Refer to Table 3.5.) The
move-cost table represents the REL chart data on which future placement

decisions will be based.

2. WORKQUT subroutine

The user begins the layout process with WORKOUT. A flow chart for
this subroutine is presented in Figure 3.4. The program starts by asking
the user the number of departments in the facility. For this example,
four departments are specified, by arbitrarily combining Shipping and
Receiving since it is desired to place both areas adjacent to a single
set of docks. This combination is not required by WORKOUT, but has been

made to simplify example calculations.
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WORKOUT now enters the main program loop which is repeated once
for each department. For purposes of this example, it is assumed that
WORKOUT is in its third iteration and awaiting input for data on work-
center II. The first question asked of the user is the number of elements
in the workcenter. FLAG considers all machines, carts, tool racks, work-
benches, pallets, and any other workcenter fixture that should be laid
out, as an element. A machine, for example, is considered a primary
element. Workcenter II will be assumed to have three elements: a drill,
tool rack, and pallet.

After input of the number of elements, the.user begins to layout
the workcenter, At this point, the workcenter has no exterior border.
The user 1s free to position elements at any peoint in relation to one
another. WORKOUT now enters a secondary loop that is repeated for each
element. The initial step is the selection of a template from the template
directory. The FLAG template library contains two types of templates.
The first are machine templates which are designed by PLANPRINT Inc.,

a professional plant layout firm. While PLANPRINT designs a template
for every machine made, FLAG uses only thirty-three representative
templates. For example, a 55 ton Niagara press template is used as
generic representative of all 55 ton presses.

The second template type is that of general geometric shapes which
the user can utilize and label as required by design needs. For example,
a pallet can easily be denoted by use of a square or rectangle.

After selection of the appropriate template, the shape is placed in
the workcenter layout by detailing an X, y coordinate selection and

rotation factor. For example, the engineer, already having selected the
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machine template for a drill, places it in the layout by specifying
an X coordinate of 50, y coordinate of 53 and a rotation of zero degrees.
(See Figure 3.5.) FLAG also generates temporary dashed lines across
the CRT screen showing coordinates to assist the user in aligning
other templates in the layout. After the initial phase of placing
the template, the user is permitted to make necessary adjustments. This
procedure is repeated until all elements in the workcenter are placed.

Upon placement of all elements, WORKOUT draws an initial border
around the workcenter. This is done by setting the border two feet
from each extreme element. (See Figure 3.5) For example, the extreme
right element is the pallet. Therefore, an initial left boundary is
established two feet to the right of the pallet. These initial boundaries
can then be adjusted by the user. The user may also cut out a notch in
any corner of the workcenter. In this example, the engineer may notice
an excess of unused space in the upper right hand corner of the workcenter.
The user therefore may make the adjustment shown in Figure 3.6.

Before leaving workcenter 1I, the user must answer questions regarding
flows in and out of the department. The user specifies the point at
which products enter and depart from the workcenter along the workcenter
border. These points are respectively referred to as the point of entry
(POE) and point of departure (POD). They are shown in Figure 3.6. This

completes the WORKOUT phase of FLAG.

3. LAYOUT subroutine

At this point, all workcenters have been designed and stored in a

data file for use by LAYOUT which will position these workcenters in the
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plant. Also, all material flow relationships have been stored in a
data file by FLOWS. The user is now ready to generate the facility
layout.

The actual facility layout is now generated in a joint effort between
the user and the third FLAG program, LAYOUT. A flow chart for this
subroutine is illustrated in Figure 3.7. To illustrate this process,
the manufacturing example is continued. The five workcenters to be
placed by LAYOUT are shown in Figure 3.8.

The initial phase of LAYOUT is the input of some basic data, such
as the default aisle width. This default value can be overridden, but
will be used when no other value is specified. The default value, 5
feet, has been used for this example.

The next step is the placement of the Shipping and Receiving work-
centers. This department is placed first to assure that it will be
along the wall of the plant and will thus have access to shipping docks.
LAYOUT presents the user with a hypothetical plant wall. The user then
places the Shipping/Receiving departments against this wall with the
proper orientation. (See Figure 3.9.) Coordinate values and rotation
factors are again specified as in WORKOUT.

It is now desired to determine which workcenter is to be placed
next. LAYOUT reviews the move-cost table (Table 3.5) for all relation-
ships of the Shipping and/or Receiving departments with all departments
yet to be placed and prioritizes them as shown below:

The prioritized values represent the four move-cost relationships
between Shipping/Receiving and other workcenters shown in Table 3.5. The

user is presented with the above data. Unless he or she chooses toc over-
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Table 3.6. First iteration move-cost priorities

Departing Entering Move-cost 1 foot
ITI 5 2660
R 111 624
R I 594
R 11 450

ride the LAYOUT choice, LAYOUT will satisfy the first priority, by placing
Workcenter III's POD across from Shipping's POE. This placement is

shown in Figure 3.10. The space separating the two departments is the
default aisle width established earlier.

The user is then given the opportunity to make adjustments in the
LAYOUT placement if needed or desired. The user may also experiment at
this point. For example, after reviewing the above table, the user may
think that the second highest move-cost relationship could be reduced
by rotating Workcenter III and removing the aisle space. The user knows
from the departmental part flow chart (Figure 3.5) that no other work-
center needs direct access to Shipping. This adjustment was made and is
shown in Figure 3.11. There is a trade-off in making this change since
the POD and POE of Workcenter III and Shipping are now farther apart.

This tradeoff is calculated by LAYOUT and shown to the user, as indicated
in Table 3,7.

To illustrate the method for Table 3.7, consider a sample calculation
for the flow from Workcenter III to shipping. The pre-adjustment distance
from POD to POE is 5 feet. The move-cost per foot from Table 3.5 is $2660.

Therefore, the total move-cost is 5 x $2660 = $13,300. After the ad just-
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Table 3.7. First iteration adjustment

Pre-adjustment

Dep. Ent, Distance (ft) Move-cost/ft Total move-cost Change

I11 S 5 2660 13,300 -

R 15 B 33.54 624 20,930 =
Adjustment

IIT S 10 2660 26,600 13,300

R LT 10 624 6,240 14,690

Total move-cost change - 1390

ment, the distance doubles to 10 feet, and so does the total move-cost
as calculated 10 x $2660 = $26,600. Similarly, the move-cost between
Workcenter III and receiving is reduced from $20,930 to $14,690. The
change from the pre-adjustment is given by:

Adjustment Total Move-cost - Pre-adjustment Total Move-cost = Change

26,600 - 13,300 = 13,300

LAYOUT now repeats the placement iteration by again prioritizing the
move-cost relationships between those departments already placed with
those yet to be placed. These data are presented to the user as shown
in Table 3.8. The sum of all change costs represents the total move-cost
change, i.e., 13,300 + (-14,690) = -1,390., Therefore, the proposed
adjustment results in a move-cost savings of $1,390 and is therefore
finalized by the user,

LAYOUT chooses to place Workcenter I next as shown in Table 3.8.
This placement is shown in Figure 3.12. Suppose the user decides to make
one adjustment. Since parts will be required to flow to Workcenter II

(not yet placed) the user might decide to create an aisle between work-
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Table 3.8. Second iteration move-cost priorities

Departing Entering Move-cost/ft.
R s 594
b B 495
R i 7 450
LT III 335
L ELL 42

centers I and III. This adjustment is seen in Figure 3.13. After the

adjustment is finalized, LAYOUT begins the next placement iteration.

Table 3.9. Final iteration priorities

Departing Entering Move-cost/ft.
TT 495
R % ] 450
1I III 335

LAYOUT decides to satisfy the I-II relationship shown in Table
3.9 and does so in Figure 3.14., It is obvious to the user that is might
be advantageous to rotate workcenter II in an attempt to better satisfy
the II-III relationship. This would bring workcenter II's POD closer
to workcenter III's POE without sacrificing closeness between I and II.
It would also reduce the required plant area. It is desirable to know
whether the savings between II and III are greater than the increase in
move-cost relating to the increase in distance between I and II. This
experiment is illustrated in Figure 3.15. As before, there is a trade-
off is again presented for the user's review as shown in Taﬁle 3105

Since the adjustment results in a savings of $3576, it is finalized by
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the user, thus completing the placement phase of LAYOUT.

LAYQUT's final- task is to place the interior walls. This process
is similar to the placement of workcenter border in WORKOUT. The initial
borders are automatically determined by the extreme workcenters, as
illustrated in Figure 3.15. The user can make horizontal or vertical
adjustments. The user can also notch any corner desired as shown in
Figure 3.16. After completion of all adjustments, data for the entire
layout are stored for later use, thus completing the LAYOUT phase of

FLAG.

4., OUTPUT subroutine

The last phase of FLAG is the program OUTPUT. A flow chart for
this subroutine is illustrated in Figure 3.17. This program can generate
various forms of output specified by the user according to variocus needs.

The possible output alternatives include:

Full plant layout. This layout can be generated with all
templates shown or just workcenter borders. This can be
done after only using LAYOUT.

- Workcenter layouts. These drawings can include internal
templates, or just borders. They can be used as templates
to create a layout by hand. This can be accomplished after
only completing WORKOUT.

- Templates. OUTPUT can also be used to make paper copies

of any templates in the template library. This can be done

at any point in the facility layout process.

- Move-cost rankings. OUTPUT can create a complete listing
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of all relationships in the move-cost table, ranked from
high to low, for any product mix. This feature can only be
utilized after running WORKOUT.
This completes the detailed example illustrating the features of
FLAG. The following chapter discusses the problem of scale integrity.
Using computer graphics presented some special problems of scaling that

require detailed discussion.
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IV, SCALE

4., Introduction

Scale integrity was one of the more difficult hurdles to overcome in
the development of FLAG. Problems of scale were encountered in relation
to both hardware and software. Hardware problems of scale occurred
because the paper that plotters utilize have fixed dimensions.

Finished layouts must be scaled to fall within these dimensiocns. The

program must therefore adapt the layout to the paper. FLAG does this

key reducing the scale in increments of 507% until the drawing fits the
paper (or display screen).

The FLAG software also must be rather sophisticated to provide
standard scales. As will be shown in this chapter, the scale can
continually change in the course of operating FLAG. This feature
overcomes the difficulty of limited CRT screen space which would

otherwise cause problems during the execution of the program.

B. Graphic Display Units (GDUs)

The Graphic Display Unit (GDU) is the measure used to divide the
horizontal and vertical axes in the Interactive Graphics Library (IGL)
on the VAX II computer. Prior to executing any FLAG graphics commands,
the display screen on the Tektronix model 4051 terminal is mapped out
into 100 GDUs in the vertical (Y) axis and 130 GDUs on the horizontal
(X) axis. This mapping can be changed by two commands.

The first command to control the display screen mapping is the
Viewport command. The Viewport specifies which portion of the screen

is used as a drawing board. When graphics are used in WORKOUT and LAYOUT,
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the screen is divided into separate areas as shown in Figure 4.1.

The Viewport command is used to specify a screen section (section
A) which is reserved for graphics. Section B is reserved for graphic
numerical parameters. This space is used to display information to
the user regarding the drawing frame Section C is reserved for inter-
active questions and answers between FLAG and the user.

The Viewport is always proportional to the dimensions of the full
screen. This assures that when OUTPUT expands the picture to the full
screen the drawing is not distorted. In other words, OUTPUT proportionally
expands pictures to cccupy the entire area of Sections-A, B, and C of
Figure 4.1.

The second mapping command is the Window command. The Window
defines the axis of the Viewport. For example, the basic Window command
defines the Viewport axis is:

WINDOW (0.0, 130.0, 0.0, 100.0)
The above command sets the X axis range from 0.0 to 130,0 graphic
display units. The Y axis is mapped from 0.0 to 100.0 GDUs, Initially,
the viewing window is the entire CRT screen. However, after the viewport
command has been executed, these coordinates will be mapped into Seciion
A only. Each GDU becomes smaller, proportionally to the reduction in

the viewport. This mapping is illustrated in Figure 4.2.

C. Numbered Scales
The Window command described above previously defines dimensions
that correspond to Scale no. 1. This scale number appears in Figure 4.2.

Scale 1 is defined as the base scale. When expanded to the full screen,



sotydern (g) ‘oueaj

uoTloRIAIUT J8s (D) ‘saelauwele] [edTIDump

dJuimerq (y)

tupaios Aerdsip a2

TO UMopyeaIq a1]

D

*TI*h 2andt1]



t

SaUTT PT1d 27BUTPIOOD YITIM MOPUTM FUIMDTA Y UOTIDBS 7' aandty

"3LYNdW3L FHIHIYUW LHINDHY1d 2
*31971dW3L 3dYHS TTH43H3D T

*<134> 55334 dHY 3dAl 31Y1dKW3L 133735

d

14 81 = 3NIT A
I <"0H 3HIS

8°0S S1H3WN3IAINI
INIT 431109

@°@81 0L 080
@'@z1 oL @-

'
>

AR “

— D) = DD
IOI

S
S

«S3IDNEY SIXH



65

it corresponds to % inch equals 1 foot,

As additional elements are added to the workcenter, the user
will often run out of drawing space (see Figure 4.3.) This difficulty
is alleviated by specifying that FLAG jump to the next scale. The
window is now doubled and maps the X axis from 0 to 260 CDUs, and the
Y axis from 0 to 200 GDUs. This is illustrated in Figure 4.4, In
this illustration, each GDU is 50% smaller as is every element in the
drawing frame. The scale has now been changed to 1/8' = 1'. This
corresponds to scale 2 of FLAG. This is done to maintain scale integrity.

To illustrate this process, consider Ehe following example.
Suppose a 3 foot by 3 foot (real length) square is to be used to
represent a pallet. To draw this pallet in the viewport, a representa-
tive scale is required such as %" = 1'. If the scale applies, scaled
drawing of the pallet will be represented by a square that measures
3/4" on each side.

To draw this object, the shape must be defined in terms of graphic
display units. The conversion formula from real inches to GDUs is:

number of GDUs = C x number of real feet (4.1)

C is a constant coefficient. It is calculated so that when using Scale

number 1 in OUTPUT where the viewport is expanded to the full screen,

the real length scale is %" = 1'. In Scale number 2, an actual scale of
1/8" = 1' is used. Each scale increase reduces the size of a GDU by
50%.

All elements on the drawing frame are defined in a specified
number of GDUs for any FLAG scale. This relationship is defined by

Equation 4.1. The size of the constant in the expression is reduced by
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50% for each scale increase. The scale can be increased as many times
as necessary.
Table 4.1 lists a summary of scales used by FLAG. The increase of
scales allows the user to reduce a scaled layout, regardless of initial
size, to fall within the fixed dimensions of a display screen or

plotter.

Table 4.1. FLAG scales

Scale Number OUTPUT real length scale
i Ligr = 3.0
2 /8" =1"
3 1/16"= 1’
4 1/32v= 1

D. Reference Length Indicator

To assist the user in conceptualizing real lengths, a reference
length has been provided for use. This reference length will decrease
in physical size as the user increments to larger scale numbers. However,
the reference indicator always represents a fixed real length, in the
10 feet.

The indicator is positioned along the vertical axis of the screen
in the lower right hand corner. It is labeled with the letter "R."
The indicator is illustrated in Figures 4.2, 4.3, and 4.4.

The first operational step in the actual use of FLAG begins with
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the input of FLOWS data. This process is described in the following

chapter with the use of a detailed numerical example.
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V. FLOW ANALYSIS

A. Introduction
FLOWS is the initial contact between the design engineer and FLAG.
It is primarily an input subroutine, where the user defines the basic
nature of the facility to be designed. The data are entered in three
separate program segments. These are:
- Input of general data.
- Input of flow data,
- Input of product mix and calculation of the from-to
chart.
For large facilities, this data entry procedure can prove to be a
lengthy task. FLOWS is designed to allow the user to enter data for
each of the above segments separately. The user may therefore opt to
perform data entry on as many as three separate sessions of terminal
use.,
A second, larger numerical example is developed in this chapter.
The example references a fictitious manufacturing organization, hereafter
referred to as the Ronko Manufacturing Company (RMC). The development
of the Ronko manufacturing example is continued through chapter VI.
In chapter VII, the FLAG layout for RMC is compared with layouts

generated by OPDEP and PLANET.

B. General Data Input
General data refers to the basic data defining the nature of the
plant, e.g., name and number of workcenters. These data are used several

times throughout the remainder of FLAG. The general data required
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in this segment of FLOWS is summarized below:
1. Input the name of the facllity to be designed.
2. Input your class design group number.
3a. Input the number of members in your design group.
b. Enter the name of member number i.
4a. Enter the number of products to be manufactured at the
facility under design.
b. Enter the name of product number 1i.
5. Enter the number of workcenters (or depts.) in the
facility under design.
6a. Enter the name of workcenter i
b. Enter a five character or less abbreviated label for
workcenter 1.

Items two and three of the above listing were incorporated for
the purpose of classroom use of FLAG. They are used to label FLAG
generated output.

Each workcenter is given two names which correspond to items 6a
and b. Abbreviated names are used in cases where display space is
limited. Where space permits, longer, unabbreviated terms are used.

The Ronko Manufacturing Company produces three separate products.
These include a heater unit, a control unit, and a combination of the
two which 1s referred to as a grain dryer. Twelve workcenters are
required to manufacture these products, and are listed in Table 5.1.
The RMC general data are summarized on Data Input Worksheet #1. This

worksheet is illustrated in Figure 5.1.
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FLAGS/FLOWS Data Input Worksheet #1

Name of Facility (20 Characters): Ronko Mfg. Co.

Design Group No: 3

Members of Design Group (15 characters each):

1. Robert Nutting 4,
2. Dwyla Kennison 5.
3. Sherman Severin 6.

Names of products (10 characters):

1. Heater Unit 4,

2. Control Unit B

3. Grain Dryer

Number of Workcenters: 12

Names of Workecenters (15 characters each)/Abbreviated Names (5 characters
each)

1. Shipping/Rec. / S/R
2. Decoiler/Shear / D/S
3. Punch Press A / PPA
4., Runch Press B / PPB
5. Roller / Rllr
6. Flanger / Flgr
7. Seam Welder / SmW
8. Spot Welder / SpW
9. Wire Cutter / WC
10. Packaging / Pkg
11. Assembly / Assem
12. Painting / Ptg

Figure 5.1. Data input worksheet number 1
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Table 5.1. RMC workcenters

Dept. No. Workcenter or Department Abbreviation

g Shipping/Receiving S/R

2 Decoiler/Shear D/S

= Punch Press A PPA

4 Punch Press B PPB

5 Roller R1llr
6 Flanger Flgr
7 Seam Welding Smi

8 Spoﬁ Welding SpW

9 Wire Cutting WC
10 Packaging Pkg
L1 Assembly Assem
12 Painting Ptg

C. Flow Data

After completion of general data input, the user must enter the
flow data. These data are used to calculate the from-to chart.

To enter the flow data, individual {low paths for each product
must first be defined. To illustrate this, consider the heating unit.
The flow path for the heating unit is depicted in Figure 5.2. The
heating unit consists of only two basic elements. Both elements begin
flow paths in shipping/receiving.

The heating coils are purchased by RMC and go directly to assembly

where they are attached to the fabricated shell. The shell starts
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in S/R as coiled steel. The steel is transported to the decoiler/shear,
where it is cut to length. The steel is then routed through Punch Press
A, the Seam Welder, Flanger, Painting, to Assembly. From assembly,
the shell, now with heating coils, goes to packaging and shipping/
receiving.

Each circular node in Figure 5.2 represents a workcenter. The
connecting lines represent the flows between workcenters. It is these
flows that must be defined.

Each product must be analyzed in this fashion. Figure 5.3
illustrates the flow path for the control unit. A control unit is
combined with a heating unit to comprise a finished grain dryer. The
combined flow path for the grain dryer is illustrated in Figure 5.4,

For each interdepartmental flow, the following data must be
entered.

1. Enter the number of interdepartmental flows associated

with the product i.

2a. For product/flow j enter the number of units per product.

b. For product/flow j, enter the units per move.

c. For product/flow j, enter the move cost/foot.

d. Enter the number of the workcenter product/flow j departs.

e. Enter the number of the workcenter product/flow j enters.
User responses to the above statements must be entered for each inter-
departmental flow. Interdepartmental flow data for RMC are summarized
in Table 5.2. BRMC makes three products. Table 5.2 summarizes the flows
for the heating and control units. Since the grain dryer is a combination

of a heating unit with a control unit, the flows are a duplication
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of flows in Table 5.2 with one exception. The bolts for the control

unit travel from shipping/receiving to assembly instead of packaging.

D. Calculation of the From-to Chart

The final phase of the FLOWS program is the input of the product
mix and subsequent calculation of the from-to chart. As stated in
chapter I1I, the from-to chart is utilized as the REL chart in the
FLAG layout discipline. The method of calculation for the from-to
chart is also detailed in chapter III.

The from-to chart for RMC is illustrated in Table 5.3. This
from-to chart is based on a product mix of 3000 heating units, 3000
control units, and 5000 complete grain dryers.

After the completion of input of the flow data for the facility
under design, the user is prepared to enter the second phase of the
FLAG routine. This is the design of the facility workcenters and
generation of the layout., This process was described in considerable
detail in chapter III.

The following chapter continues to illustrate this design procedure

using the example initially developed and presented in this chapter.
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VI. A FLAG EXAMPLE

A, Introduction
In the preceding chapter, a flow analysis was developed for the
Ronko Manufacturing Company. This organization will require a twelve
workcenter facility to manufacture grain dryers. The flow data for
RMC were entered using the FLOWS subroutine. The user is now ready to
begin the design process outlined below:
1. Design of Workcenters - WORKOUT
2. Design of Layout - LAYOUT
3, Improvements on Layout - LAYOUT
A series of illustrations detailing some of the mechanics of working

with FLAG is also presented in this chapter.

B. Workcenter Design

1. Introduction

The user begins the design process by developing the final config-
uration for each workcenter for use by the LAYOUT and OUTPUT programs.
This process is demonstrated by illustrating the primary steps taken

to develop the decoiler/shear workcenter.

2. Template selection and placement

The workcenter design process begins by selecting the first
template for placement. 1In this case, a template to be selected will
represent the shear. The user is first presented with the option of a
general shape template or a PLANPRINT machine template. In this

instance, the latter is selected. WORKOUT then gives the user a menu



84

of the thirty-three PLANPRINT machine templates available. These
templates are reproduced in Appendix III. The user selects the number
associated with the shear.

The user is now prepared to place the shear on the drawing frame
(see Figure 6.1). The initial placement position of the shear is
specified as 50.0 on the X-axis, 50.0 on the Y-axis, with a 90°
rotation (see Figure 6.1). WORKOUT then places the shear on the
drawing grid according to user specifications as shown in Figure 6.2,
The option is then given to either increase the scale or to adjust
the position of the template.

When the user accepts the placement of the shear, WORKOUT proceeds
with the selection of the second template. This time the user refers
to the general template library to select a template to represent a
decoiler. The general template menu is then presented with the following
options:

1. square

2. rectangle

3. double rectangle
The user, after selecting a rectangle to represent the decoiler, must
now specify the dimensions of that rectangle (see Figure 6.3).
As shown, the user has specified a width of 70.0 inches and a length
of 36 inches.

When using a general template, the user must also specify that
template label; to be used in FLAG output. In this instance, the
template is labeled 'decoiler'. Again, the user is asked to specify

the placement coordinates.
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After entering an X coordinate of 100.0, a Y coordinate of 50.0,
and a 0.0 degree rotation, WORKOUT draws the initial placement of the
decoiler (see Figure 6.4). Following the same routine, the user places
two pallets in the workcenter, (see Figure 6.5) completing the element

placement phase for this workcenter.

3. Placement of workcenter borders

After the placement of all elements, WORKOUT establishes initial
borders (see Figure 6.6). The user has the option to adjust any
border, by shifting the borders vertically or horizontally. This
phase refers to the pre-notched borders. After finalizing border
placement, the user can then notch any of the four corners desired.

This process was illustrated in chapter III.

4, Placement of POE and POD

The last phase of workout is the placement of the Point of Entry
(POE) and Point of Departure (POD). These points are for all flows
in and out of the workcenter. The user begins placement of the
POE by specifying the border in which the POE is placed. This is
illustrated in Figure 6.7. By specifying the border, the user has
specified one of the two coordinates. In this case, the user has
established the i coordinate, since it is equal to that of the east
border.

The next step is for the specification of the Y coordinate.
WORKOUT informs the user of the acceptable range (see Figure 6.8).
This is to assure placement on the eastern border. After entering an

acceptable Y coordinate value, the POE is placed (see Figure 6.9).
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The POD is placed in a similar fashion (see Figure 6.10), completing
the design of the Decoiler/Shear workcenter. All data on this work-

center are stored for use by LAYOUT and OUTPUT.

5. Design of remaining workcenters

During the execution of WORKOUT, each of the twelve workcenters
for the RMC example was designed in the above fashion just described.
Final workcenter layouts are reproduced in Figures 6.11 through 6.22.
Each workcenter dimensions were measured on the originals of these
figures, without duplication reduction. From these measurements,
final workcenter areas were calculated. These values are presented

in Table 6.1.

C. Layouts

After completion of WORKOUT, the user enters LAYOUT, by executing
a VAX run command. This is done to generate a FLAG layout in the
manner described in chapter III. The process starts with the user
selecting the first department for placement. Although any department
may be selected, it is best to select that workcenter which will have
most interaction with external elements to the facility.

When executing WORKOUT, it is periodically necessary to increase
the scale on the drawing frame. When these increases are made, the
placement points of workcenter elements are translated to the center
of the drawing fram. This allows the user to place additional elements
anywhere around those templates already positioned,

In LAYOUT, there is also a necessity to make periodic scale changes.

When these scale changes occur, workcenters are not translated to the
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Table 6.1. Workcenter areas

Workcenter Workcenter
Number Name Width (ft) Length (ft) Area (sq ft)
1 Shipping/
Receiving 34.2 62.1 2183.82
2 Deceiler/ Shear 15.3 20:7 31671
3 Punch Press A 13,95 16.2 218.7
4 Punch Press B 14,5 16.57 240.26
5 Roller 11.52 26.1 300.672
6 Flanger 9.36 22.95 214.81
7 Seam Welder 1575 16.02 252,32
8 Spot Welder 14.4 15.3‘ 220,32
9 Wire Cutter 10.4 22,95 238,68
10 Packaging 11.16 2749 311.36
11 Assembly 20.25 20.25 410,06

12 Painting 21.6 36 717.6
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center of the drawing frame. Workcenters maintain their relative
positions on the screen as the scale is increased. To facilitate the
layout process, it is desirable to start at the Southwest corner of
the drawing frame. Workcenters are placed first when they require
access to an outside wall (S). Shipping/receiving is normally a
department requiring such access and is usually placed first.

Placement of subsequent workcenters will be ranked by FLAG.
Selected workcenters will initially placed to minimize move costs.

The user will be required to perform subsequent placement adjustments
during the layout process. Such adjustments will require mdving
workcenters that are partially superimposed upon one another.

Additional adjustments are required as the user lays out the workcenters
outward from the Southwest corner of the drawing frame. It is necessary
to start in this corner since subsequent scale increases will not mave
workcenters to the drawing frame's center, This makes it difficult

to position subsequent workcenters in the Southwest section of the
drawing frame.

In this example, Shipping/receiving is placed first. The initial
placement by FLAG is shown in Figure 6.23. The cross represents the
POE, and the slash represents the POD.

LAYOUT next ranks all flow relationships between all workcenters
placed (i.e., Shipping/receiving) and those departments yet to be
placed. This ranking (see Figure 6.24) establishes packaging as the
best choice to be placed. The user could override the program's
choice, but in this case, does not.

The initial placement of the packaging workcenter is shown in
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Figure 6.25. Note that the packaging POD was placed, by LAYOUT,
directly across the POE of shipping/receiving, separated by the default
aisle length of five feet. The user, has made the judgment that this
aisle is unnecessary opts to adjust the workcenter to the west by
five feet., This completed adjustment is illustrated in Figure 0.26,

This process is completed for the next 10 workcenters. After
accepting placement of the 12th workcenter, the LAYOUT program establishes
initial walls. These walls can be adjusted in the same way as borders
of workcenters in the WORKOUT routine.

The final result of this process is the actuai facility layout,
produced by OUTPUT and illustrated in Figure 6.27. This result
represents a good layout from the stand point of flow patterns of
flow patterns (discussed in the following chapter). However, a better
layout can be obtained by bringing down the uppermost workcenters
into the open spaces in the middle. Therefore, LAYOUT was run again
to generate the improved layout shown in Figure 6.28, Measurements
illustrated the improved layout represents a reduction from 7715 square
feet to 6052 square feet. This improvement is a representation of the
benefits of user interaction with FLAG,

This improved version of the FLAG layout for the RMC facility
(Figure 6.28) is analyzed in chapter VII. Similar layouts generated
by the OPDEP and PLANET plant layout programs provide a basis of

comparison for the three facilities design programs.
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VII. COMPARATIVE ANALYSIS

A, Introduction

This chapter describes a comparative analysis between the FLAG,
OPDEP, and PLANET facility layout programs. Data for the Ronko
Manufacturing Company, described in chapter VI, were used to execute
all programs. The FLAG output from this exercise was presented in
chapter VI. Copies of the results from QPDEP and PLANET are presented
in Appendix II.

The comparison will be made through the entire process on the
basis of utilizing a computer program for facilities design. The
comparison considers all steps from the preparation required before
executing each program to the analysis and utility of the resulting
output obtained in each case.

It is difficult to directly compare FLAG with PLANET and OPDEP.
FLAG has distinct features that distinguish it from other layout programs.
OPDEP and PLANET claim only to specify the relative positions of
workcenters in relation to each other. FLAG gives the user a preliminary
layout. However, by making a few minor assumptions, some useful

comparisons can be made regarding the utility of each layout developed.

B. Preparation
Each program requires some preparation in terms of collecting
and formulating the necessary data. This must be accomplished before
the actual execution of the program. The preparation required for

each program is summarized below:
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1. FLAG - Requires collection of data in all interdepart-
mental flows for each product manufactured.
This includes move-cost/foot, guantity in
product, and units per move.

- Requires establishment of a product mix.
- Requires information about workcenter in terms
of machines, cabinets, racks, etc.

2« 'OPDEY - Requires tabulation of a from-to chart relating
moves between workcenters.

- Establishment bf a product mix is implicit in
the tabulation of the from-to chart.
-~ Requires estimates of workcenter sizes.

3. PLANET - Requires collection of all interdepartmental
flows, including frequency of moves and moves
cost per foot.

- Establishment of product mix is implicit in the

input of interdepartmental hours.

Requires estimates of workcenter sizes.

When the facility manufactures only one product, there is little
difference in the amount of preparation required by the three programs.
OPDEP requires the user to tabulate the from-to chart from interdepart-
mental flow data, while both FLAG and PLANET do this tabulation for the
user. FLAG requires more specific knowledge about workcenter components.
However, some of this information must be conceptualized for the work-
center area estimates required by OPDEP and PLANET.

A significant difference does arise when different product mixes,
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i.e. production levels for each product, are considered by the user.

The FLAG user need only specify the new product mix to the FLOWS
program. This is because the initial input of interdepartmental flow
data was independent of quantity by product type. In OPDEP, the product
mix is implicit in the tabulation of the from-to chart. The user

will therefore, be required to tabulate a new from-to chart if the
product mix changes. PLANET interdepartmental flow data are dependent
on product quantities. Consequently, these data will also have to be
reformulated and re-entered into the program if the product mix

changes.

C. Program Execution

There can be no question that FLAG requires more user effort during
the program execution period. The twelve workcenter, Ronko Manufacturing
example required approximately seven hours of terminal time to develop
the layout from FLOWS to OUTPUT. The combined time for running both
PLANET and OPDEP was approximately three and one-half hours. This
time might have been lower if the writer was as familiar with the
operation of OPDEP and PLANET as with FLAG.

There are two primary reasons for the difference in program
execution times. First of all, PLANET and OPDEP are primarily batch
mode programs. After the input of initial data files, there is no
user contact with the program.

FLAG is an interactive time-sharing mode program. The user is
continually asked to participate in the decisionmaking process of the

program., Also, FLAG requires a larger gquantity of input data. The



121

& 2 7 7 12 12 1 1 1 2 & X
2 2 4 7 11 dd 1 T & T & 3

2 2 5 5 11 131 10 1¢ I L 1 %

Score = 880

Figure 7.1. Best scoring OPDEP layout
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best example of this is in the internal design of workcenters. FLAG
is the only program of the three which addresses the internal workcenter

design process.

D. Output

1. FLAG

The FLAG final output for the Ronko Manufacturing Company 1is
illustrated in Figure 6.28, The layout depicts all workcenters with
their internal elements. The final output also details external walls
and all unassigned spaces.

2. OPDEP

The OPDEP output prints all layouts that score above a specified
level. The complete OPDEP printout is presented in Appendix II. The
highest scoring layout has been selected and is presented in Figure
7.1. The output is in the form of rectangular grid blocks. «No internal
details of workcenters are presented. Workcenter shapes random and
irregular. Workcenters are represented by their number, and each grid
block represents fifty square feet of floor area.

One point should be made regarding the layout scoring. The high
scoring layout for sweep lengths 2, 3, and 4 was 978. However, the
same printout lists the theoretical perfect score as 880. To resolve
this discrepancy, the OPDEP high scoring layout was scored manually
using the OPDEP scoring procedure. The actual score was 880, The OPDEP
scoring method will be described in detail in the next section. For
the analysis in this chapter, the 880 score is considered accurate.

The erroneous score is attributed to an error in the OPDEP program.
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This value only implies a perfect score according to the OFDEP scoring
procedure, and not necessarily a great, or even a good, layout.

3. PLANET

The PLANET output is essentially the same as the OPDEP output in
nature. The best PLANET layout is presented in Figure 7.2. The complete
PLANET output is presented in Appendix II. The one significant
difference between the PLANET output and the OPDEP output is the shape
ot the PLANET layout. While the OPDEP layout is rectangular, the PLANET

layout takes the shape of an irregular polygon.

E. OPDEP Scoring

1. Introduction

Each of the three layouts discussed in this chapter was scored
by two different methods. The first method is the OPDEP scoring method.
This method rewards layouts for placing workcenters close together
if they have a high frequency of moves between them. The second method
might be considered the FLAG scoring method since it rewards layouts
which minimize total move-cost. This is an implicit criterion of the

FLAG layout discipline.

2. Numerical value assignments

The OPDEP scoring mechanism is based on the Muther's six-step
priority scale and on assignment of values to the A,E,I,0,U, and X
ratings. Such assignments are based on the relative frequency of moves
between workcenters. The move frequencies for the Ronko Manufacturing
Company from-to chart are presented in Table 7.1. The move frequencies

are ranked in descending order in Table 7.2. Large values are assigned
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Table 7.2. Ranked frequency of moves between workcenters

From To Frequency of Moves Muther's Rating
10 1 6525 A
i 10 4318 A
12 LT 3221 E
7 6 2501 E
6 12 2501 E
5 Vi 2501 E
2 4 1974 I
4 8 1654 I
1 11 1453 I
8 L& 400 0
3 5 375 0
4 12 320 0
9 11 96 U
1 2 30 U
1 9 33 U

L 10 30 9]
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an "A' rating. Workcenters given 'A' ratings are given first priority
for placement. Lower frequencies are assigned other letter codes as
indicated in Table 7.2. While the breakpoints for these ratings are
somewhat arbitrary, numerical gaps were observed and used to make
reasonable assignments of ratings. The breakpoints for the ratings
are summarized in Table 7.3.

The OPDEP user must next assign a numerical value to each ra.ing.
These assigned values are again arbitrary. However, they are structured
to be relatively proportional to the frequency of move breakpoints.

(See Table 7.3.)

3. Scoring procedure

These ratings and rating values are now used to score the layouts.
To illustrate the method described by Nelson [17], an example, shown
in Figure 7.3 is used. For simplicity workcenter 01 has an 'A'
relationship with workcenters 06, 11, and 12. The 'A' rating value
is assumed to be 90. Ninety points are theretfore added to the cotal
score for each relationship that is 'fully' satisfied. Relationships
are assumed to be fully satisfied if any part of the workcenter perimeters
touch each other. Workcenters 12 and Ol meet this requirement. Half of
the score, 45 points, is given for each relationship that is *'half'
satisfied. "Half-satisfied" relationships exist when the workcenters
are separated by one grid block and are grid block only. Workcenters
Ol and 11 meet this requirement. Workcenters separated by more than
one grid block are given no points.

Each workcenter is scored in this manner, and the sum of these
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Table 7.3. Breakdown of OPDEP ratings with assigned scoring values

Rating Frequency of Moves Full vaiues Half values
A fm > 4000 90 45
E 4000 > fm > 2000 45 22.5
I 2000 > fm > 1000 20 10
0 1000 > fm > 250 5 2+5
U 250 > fm > O 0 0
X not used in this example 0 0

scores represents the total layout score. By scoring each workcenter in
this manner, it should be noted that each flow is created twice in the

OPDEP scoring method.

01 01
01 01
12 12 12
12 L2 11 1T
06 06 a5 !
06 06
01 - 12 full score 90 points
01 - 11 half score 45 points
01 - 06 no score 0 points

Figure 7.3. Scoring procedure for workcenter
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F. Obtained Layout Scores by the OPDEP Method

1. OPDEP layout score

A summary of scores for each of the three layouts by the OPDEF
method is presented in Table 7.4, The best OPDEP layout got a theoret-
ically perfect score of 880. This was due in part to the fact that
workcenter shapes are assumed to be flexible and can thus be fitted
into odd positions.

To illustrate this point, the best OPDEP layout is reproduced
in Figure 7.4. The clearest example of the benefit of variable workcenter
shapes is between workcenters 4 (Punch press B) and 12 (painting). The
flows betwesn these two workcenters were given an '0' rating worth 5
poincs if fully satisried. The relationship is fully satisfied, but
only because of the irregular shape of the painting workcenter. This
shape is not realistic to the internal requirements of the painting

workcenter, but is allowed by OPDEP.

Table 7.4. Summary of layout scores by OPDEP method

Score % ol Perfect Score
OPDEP 880 100
PLANET 860 97.7
FLAG 790 89.8

Also assisting OPDEP in achieving a perfect score, is the zero
value the user arbitrarily assigned to the 'U' rating. For example,

consider the flow of cut wires from the wire cutting workcenter to
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assembly. This flow occurs 96 fimes per unit time (see Table 7.1).
Yet, in relation to some of the other flows, this number is insignificant.
Therefore, a 'U' rating was given to this relationship, and to all others
with less than 250 moves per unit of time.

Since 'U' was given a zero value, it does not enter into the
scoring. If the 'U' rating was given a value of one, the theoretical
periect would be increased by one point for each relationship assigned
a 'U' rating. Therefore, the satisfaction or non-satisfaction of the
relationships now become relevant in cerms of the actual layout score
to the theoretical perfect score. In the presen. OPDEP example, the
layout would then fall short of a perfect score since the relationship

between assembly and wire cutting is not satisfied.

2. PLANET layout score

The PLANET layout also fared well by OPDEP scoring method,
obtaining 97.7% of a perfect score. The reasons discussed above tor
OPDEP also assisted the PLANET layout.

The PLANET layout is shown in Figure 7.5. As can be seen from
this illustration, the layout has an irregular external perimeter. Since
the program is out bound by rectangular form constants, the layout had
more alternatives by which a high numerical score could be obtained.

The PLANET layout is numericallyv enhanced by the fact that move-
costs are ignored by the OPDEP scoring method. A move of bulky and
heavy material is considered equal to that of small lightweight
matierial. Therefore, cthe separation the decoil/shear and receiving

by a large distance (see Figure 7.5) has no detrimental effects. This
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is because the number of moves falls under a 'U' rating, despite

the fact that steel coils are one of the most expensive items to move.

3. FLAG layout score

The OPDEP scoring procedure cannot be directly applied to the FLAG
output. This is because the FLAG layout 1is not in the form of grid
blocks. To apply the OPDEP scoring procedure to FLAG, the following
procedure was adopted to translate the FLAG output into an equivalent
management of grid blocks:

1. A grid of nine rows and twelve columns (the same number
as the OPDEP layout) was drawn over the FLAG layout.

2, Each grid block was assigned to the appropriate workcenter
or marked as being empty.

3. Each grid block was assigned to the workcenter occupying
the most physical space in the grid block.

4., 1If no workcenter fell into the grid block it was marked
empty.

The resultant layout from the above procedure is shown in Figure
7.6. The shaded areas represent open spaces, The OPDEP scoring method
can now be applied to the FLAG output.

Although the FLAG program did not do as well under OPDEP scoring
as the other two programs, it still received a respectable 89.8% of
a perfect score. The pressing reason for this third place performance
is that FLAG workcenters have fixed shapes. These shapes were not
changed to fit into smaller irregular spaces. Good design judgment

dictated final workcenter shapes and placement. For example, suppose
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the spot welding workcenter could be configured like an "L" instead
of a square. If so, it could be placed around the wire cutting workcenter
to correct with punch press B. This could be accomplished without losing
contact with the painting workcenter. This would result in full satis-
faction of both proximity relationships. Instead, due to its fixed
shape, only one relationship was satisfied. This fact prevented a

higher score from being obtained under the OPDEP scoring procedure.

G. Material Flow Comparison

There is another point of discussion regarding the- three layouts.
Only FLAG recognizes shipping/receiving as having two geographically
distinct functions. That is, receiving occupies the north half of the
workcenter, while shipping occupies the lower half. OPDEP and PLANET
do not make this distinction. FLAG does consider this feature through
points of entry and departure. Using the OPDEP scoring method, no
penalties were assessed from failing to correct either shipping or
receiving with appropriate adjacent workcenters. This feature of FLAG
yields a logical material flow pattern.

Materials flow out of the north part (receiving) of S/R. Material
generally travels in a U or V flow pattern to return to shipping. (See
Figure 7.7.) The corresponding flow pattern for the PLANET layout
appears in Figure 7.8. The material flows demonstrated here are less
structured and assume many parallel paths. The corresponding flow paths

in the OPDEP layout are illustrated in Figure 7.9.
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e

Flows through OPDEP layout

Figure 7.9.
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H. Scoring with Move Cost

1. Introduction

Scoring with move-cost is a simpler and better method of scoring
layouts since it recognizes that various material flows have different
move costs. The resultant score using this method is a total materials
handling cost, which can be traced to the individual layout. Since
the scores are costs, lower scores indicate better layouts.

To illustrate this scoring method, assume there are N flows between
workcenters. This method scores each flow only once. The formula for
material handling costs becomes:

nm .
M.H.C. = iél jélfjabDabML/Ijab € 7L

m - number of different type flows from workcenter a to workcenter b.

fab - frequency of move for flow j from workecenter a to workcenter b.

Djab - distance between centroids of workcenter a and workcenter b
in feet.

MC/Fj - move cost per foot for flow j from workecenter a to

ab
workcenter b.

FLAG measures the distance between workecenters as the distance between

the POEs and PODs. OPDEP and PLANET use centroids of workcenters to

define the parameter. Since neither PLANET and OPDEP have FOEs and PODs,

centroids measurement was applied to all three layouts for scoring

pUTpOSEs.

A summary of layout scores by move-cost method is presented in

Table 7.5.
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Table 7.5. Scores of layouts using move costs

Program Material Handling Cost
OPDEP 159,049.49
FLAG 160,759.74
PLANET 175 5275: 78

2. OPDEP layout score

OPDEP achieved the highest score, but not by a significant amount.
(See Table 7.5.) Again, the fact that OPDEP was able to mold workcenters
into small, irregular area shapes helped the program achieve this

relatively low total move cost.

3. FLAG layout score

The FLAG score was slightly higher than the OPDEP score. The
FLAG layout score was increased by the need in some cases for material
to travel open, unused, areas that do not exist in either of the other
two layouts. This illustrates the disadvantage of realism by the fixed

workcenter shapes, resulting from internal requirements,

4, PLANET layout score

The PLANET layout scored badly despiice the fact that the PLANET
algorithm takeslinto account move cost factors. The scoring problem
results parctially from the program's feature to confine the overall
layout to a rectangular area. PLANET lays out one workcenter at a
time allowing the layout to explode outward. This promotes large distances
between workcenters. For example, large distances exist between receiving

and the decoiled shear. Coiled steel must traverse this distance at
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high move cost per foot. (See Figure 7.5.)

I. Post Program Tasks

There exists a variety of tasks to be completed after running each
facility layout program. In this area, the FLAG program distinguishes
itself from both PLANET and OPDEP. All that PLANET and OPDEP claim
to do is give the user a relative first positioning of workcenters
with regard to each other. The user must still design workcenters
and then develop a first layout - not necessarily identical or similar
to the PLANET or OPDEP results.

FLAG ends when it gives the user the firsc draft of a plant
layout.

This layout includes machines, cabinets, aisles, and other details.
Workcenter have already been designed, and templates can be made to
manually adjust the initial layout to obtain an even better further
refinements and improvements. For the increased time investment during
the program execution, the FLAG user will realize considerable time

savings at cthe end of the layout process.

J. Summary of Comparisons
The results of these comparisons in this chapter are summarized
below:
1. FLAG, OPDEP, and PLANET show relatively no difference
in the preparation stage unless multiple product output
from the facility is considered. In the latter case, FLAG

involves much less user work.
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2. FLAG requires significantly more care and terminal
operation tiume than OPDEP and PLANET.

3. FLAG output is the only output of the three programs
that gives internal workcenter detail. Also, workcenter
templates are available only by using FLAG. Workcenter
shapes are fixed and realistic to the needs of each
department.

4. The OPDEP scoring method ranks both OPDEP and PLANET
above the FLAG layout. However, the FLAG layout obtained
a respectable 89.8% of a perfect score,

5. The move-cost method of scoring ranks FLAG a close second
to the OPDEP layout. The insignificant difference can
be disregarded because of differences in the nature of
FLAG and OPDEP layouts. FLAG scored much better than
PLANET using this method.

6. After completion of FLAG, the user if much further along
the layout process than with either OPDEP and PLANET.

The next chapter summarizes the work presented in this thesis.
Some suggestions for directly extending this research are proposed and

evaluated,
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VIII. CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH

As illustrated in the previous chapter, FLAG does have certain
disadvantages over other facilities design programs. One of these is
additional demands placed upon the user, Like other facility layout
programs, FLAG requires the user to collect and enter initial data
regarding flow between workcenters. However, the user contribution to a
FLAG generated layout does not end at this point. The user is called
upon to interact with the program throughout the layout process. This
interaction allows the user to participate in the design of all facets
of the facility.

The FLAG output reflects this increased user involvement in two
related ways. First, the output results in a more realistic relative
positioning of workcenters. The user can make necessary adjustments for
special requirements, such as larger aisles. The relative positioning of
workcenters is also enhanced, in terms of realism, by fixed workcenter
shapes. These shapes are determined by the departments' internal require-
ments. The orientation of workcenters is aimed at reducing distances
between points of entry and departure.

Not only are FLAG outputs more realistic, they are also more usable.
FLAG can be considered as a multipurpose tool in the plant layout design
process. First of all, FLAG can generate a crude layout, Alternatively,
the user can generate workcenter templates to use as jigsaw puzzle pieces
for developing an improved layout manually. The user can also use FLAG to
make element templates for manual workcenter design.

Finally, FLAG is a beginning. Four programs have been described in
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this thesis that presently constitute the FLAG layout procedure. These
programs can be considered a basis for future work in this area. For
example, several overlay programs can be developed to design the electrical
wiring paths, network configuration, plumbing lines, etc. By developing
an element code that designates what elements (or machines) require
compressed air, a program can be developed to layout paths for air lines
using network analysis.

These extensions will enhance FLAG's existing potential as a viable,

general purpose layout tool for the industrial engineer.
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X. APPENDIX I: SAMPLE OQUTPUTS FROM MAJOR

FACILITY LAYOUT PROGRAMS
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A. CRAFT Output

INTER-DEPT PRODUCT FLOW

A L] (4 o E F G H
A a. a5, 1S, 23, 10 5. a. 0.
8 0. 0. 0. 30. 25, 15. 0. 0.
< 0. 0. a. . 5. . 0, 0.
b a, 20. 0. 0. 15. o, 0. 0.
E 0. 0 0. 0. 0, &5 35. 0.
B 0. S 0. 0. 15. 0. B5. 0.
G 0. 0. a. 0. 0. 0. 0. 0.
H a, a, [+ 0. 0. 0. . 0.

(a)

iINTER-DEPT MOVE COST PER UNLT LOAD PER UNIT DISTANCE

A ] c o E F G L]
A l. { L. L. i. 1. 1. 1.
L] 1. 1. i. i 1. . L. 1.
[ 1. L. L. 1. 1. 5 1.
o 1. i 1. 1. 1. 1. 1. 1.
E 1. L. 1. ) 1. . 1. L
¥ L. 1. 1. ! 1. 5 b L.
[+ i. L. bs i 1. k. L. i
H L. i. l. Lo 1. 1. 1. L.

i)

COVOL=(MIVE CUST/LUADY X (M0, OF LUAUS)

A a3 v D E F (N H
. &9, 15 Y. 10. 5. 0. a.
& 0. 0. 0., 25 i5. 2 0.
n, . 0. u, LB . ", n.
. Ui 0, i, 1, i by i,
B [ U, 0. i, hy. 5. u.
0, 5. R 0. . 9. bS5 a.
0. . [N o, . 0. 0. 0.
0. u. U, 0. il 0. W, e
(<l

LOCATLION PATTERN
1 45 &6 7 A 9 10 11 12 1) v LS 16 17

A A A A A A A K i 1 4 i [ "



1 ¥ 3
1 A A A
2 A
J A A A
“ A B B
5 8
L] L
7 B B B
L] Db oo
Ll Y]
o o p D
Total Cost
Move ©

£ 23
L A A A
2 A
3} A A A
B c ¢ ¢
¥ € c
L3 ¢
T € ¢ ¢
-] np o
¥
10 b oo
Total Cose
Move €

LOCATION PATTERN

& 5 6 F 89

boo

D 0D DDODH
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58

L2

2952.99 Esat. Cost Reduction

Tteration |

LOCATION PATTERN

& 5 86 7 8 98

A A A A A A

D 0D 1]
Do

2811.50 Est. Cost Reduction 95.00 Hove A C

lreracion 2

v

A

fa)

E

13 & 15
G 6 &
“
G fe G
B PR
4 ¥ ¥
E E E
E
E F &
H E E
102.00 Move
13 1s 15
G G 6
G
€ ¢ G
F F F
¥ k& F
E E &
E
E E E
® B E

16

16

F

17 18
s G
G
G
G G
E I
4
F
F
¥
F F

17 18
G G
G

[

G G
F F
F

F

F

F

r 7
Move B



1 2 3 4 5
1 A A A A A
2 A
3 A A A A A
4 C € € B B
5 C C €& &
t ( C B
7 c £ ¢ £ B
8 b b D D D
9 D
10 D D D D D
Total Cost 4.47

feedek ek

A

D

Est.

D

B.

A

D

D

COFAD Output
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Location Pattern

0
759

H

10

A

A

B

B

E

I

H

Cost Reduction
End Iteration Number § ##kfkkkkiksist

=3

E

E

i

0.0

E

Move

1

G

5

16 17
by (
( G
F i
l.‘
v
o

s

Move B

18

Mowve

¢

'

a
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Equipment Type 2 to Perform Move Number 1 at a (Cost ot 2566.28Y
Equipment Type 2 to Perform Move Number 2 at a Cost of [14A,897
Equipment Type 2 to Perform Move Number 3 at a Cost of 2053.423
Equipment Type 2 to Perform Move Number 4 at a Cost or 1250,478
Equipment Tvpe to Perform Move Number 5 at a Cost ol LO3H. 483

to Perform Move Number 6 at a Cost ot 2309.'95
to Perform Move Number 7 at a Cost of 2572.013
to Perform Move Number 8 at a Cost of 1794,.702
to Perform Move Number 9 at a Cost of 708,364

Equipment Type
Equipment Type
Equipment Type
Equipment Type

Equipment Type to Perform Move Number 10 at a Cost of 1355.284
Equipment Type to Perform Move Number 11 at a Cost of [518.171
Equipment Type to Perform Move Number 12 at a Cost oi 32860587

Equipment Type
Equipment Type
Equipment Type
Equipment Type
Equipment Type

to Perform Move Number 13 at a Cost of Jn3}5.783
to Perform Move Number 14 at a Cost of 3224.13Y
to Perform Meve Number 15 at a Cost ot 798.013
to Peiform Move Number 16 at a Cost o! 15395.78b

to Perform Move Number 17 at a Cost of 39Y39.788

[ T RS S N LS S I ST ESR S5 H A B AR BV SR A

Lowest Total Cost System Found = 15118.066
Number of Equipment Changes 0

Equipment Type 1 Equipmeat Type !

FfrkdAkARR AR KR AAR dokkdok de A e de e sk dew e

Number of Moves Included 0O Number of Moves [ncluded 17
Sum of ALCOTK 0.0 Sum of ALCUTK 35118.07
Number of Pieces of Equipment Number of Pieces of Equipment

Required 0.0 Required 2,000
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C. CORELAP Output

DO YOU WISH A GCORE FOR THIS LAYOUT? |

THE TOTAL SCORE FOR THIS LAYOUT IS 155

DO YOU WISH TO MAKE CHANGES? 0

WHICH PARTIAL LAYQUT SHOULD BE PRINTED NEXT? 99

[=: T © N R PC I X )

-~

6

(¢]

a3

s 8 o =

CORELAPBLDUK PLAN LAYOUT

3 4 5 & 7 B 9 1@ 11 12 13 ¥ 15 16
@ 0 0 9 0602 a2 R IR N I6 0 00 20
0 0 & 0 0 12 12 18 1R W6 W Y 0 0
0 0 0 019 19 19 1 14 06 16 20 20 0
0 0O 0 ¥ 19 19 19 19 13 13 13 20 20 N
6 0 0 019 19 19 19 19 19 17 20 20 20

PROGRAM STOP AT @

USED 1124 UNITS
GOODBYE

M16.43 CHU

0000 74 TCH 001157 KC

OFF AT M20EDT 10/13/70
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D. PLANET Qutput

NUMBER OF DEPARTMENTS = 7
UNIT BLOCK SIZE = 400.00

INPUT DATA IS IN THE FORM OF A FROM-TO CHART.

THE TYPE OF SELECTION METHOD USED:

EXAMPLE PROBLEM

TYPE 1 A LAYOUT WILL BE PRINTED ONLY AFTER THE LAST ITERATION.

TYPE 2 A LAYOUT WILL BE PRINTED ONLY AFTER THE LAST ITERATION.

TYPE 3 A LAYOUT WILL BE PRINTED QNLY AFTER THE LAST ITERATION.

(a)

INPUT DATA FOR DEPARTMENT

BLOCK ALLOCATIONS

PRIORITY

DEPARTMENT REQUIRED NUMBER OF
SYMBOL AREA BLOCKS

A 12000. 30

B 8000. 20

¢ 6000. 15

D 12000. 30

E 8000. 20

F 12000. 30

G 12000. 30

=T it o ]

THERE ARE 7 DEPARTMENTS AVAILABLE FOR ARRANGEMENT.

NORMALIZED FROM-TO CHART

A B C D
0.0 0.23077 0.69231 0. 38462
0.0 0.0 0.0 U.46154
0.0 2.0 0.0 0.0
0.0 0.30769 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.07692 0.0 0.0
0.0 0.0 0.0 g.0

(a)

NORMALIZED FLOW-BETWEEN COST CHART

A B G D
0.0 0.2308 0.6923 0.3846
0.2308 0.0 0.0 0.7692
0.6923 0.0 0.0 0.0
0.3846 0.7692 0.0 0.0
0.1538  0.3846 0.0769 0.5385
0.0769  0.3077 0.1538 0.0
0.0 0.0 0.0 0.0

0
0
0
0

OFOOCCo D

(=R ]

0.6500000E 02

E F
.15385 0.07692
.3B462 0.23077
.07692 0.15385
.53846 0.0
.0 1. 00000
. 38462 0.0

0 0.0

). 6500000E 02

E F
.1538 0.0769
. 3846 0.3077
L0769 0.1538
.5385 0.0
.0 1.3846
.38486 0.0
. 5385 1.0000

SO0

orocCcOoO0o

.U

(0]

.0
.0
L 53R4n
LD0NoY

G

.0

.5385
.G000
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LOST 47,

LAYOUT

< L

< <

<

c

G
A A A CC
E E E F

A A A

A
A

E

€
F

F G

F‘

F

E
E E B E E

¥
E EF P F
EE E E B F P FFF F B 6

E

F F GG G ¢ ¢

F

=

(a)

F F GGG G G

F

D pDDDUGBB B B

D P DDE E F

G 6 G G G

B B
b DB B B B

b DD DD DB B B B
D DD DDUB B B B

THE ORDER OF PLACEMENT WAS EF D B C G A

D b B

D D D

D

b D

48,

CosT

LAYOUT

A

A A A A A

A
A A A A A A

A A A A

C
c

C

A A A A A A C

A A A A A A C E C C

F E

E E EBE ® F

E E

A T A

F

EE E E E

E E E

2 T

£

E

(b)

G G G

G

B B B B B

B G G

B

B B B

i

G
G
G

G

8

(84

b D D D D
DD D DD

0

D
D

D D D
P b DD

D

n
D D DD D

A

D D

1]

G

D C

THE ORDER OF PLACEMENT WAS E F B

48.

COST

LAYOUT

A A A A

A

A A A A A A

E €
c

.

A A A A A A
A A A A A A C

c

A C

A A A A A

F F

¥

E EE E E F

EE EF £ E P F F

E

()

G

& B B B 6

o

G

B B G G

3

B
b DD B D

D

i

-

G G G

DD D DB B G

G

L7}

b D DDDG G G 6

(=]

aao

2 A

[l =]

3 S+ T

ol

A

G

F B B €

THE ORDER OF PLACEMENT WAS E
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E. ALDEP Output



u

000 0CO0O0OO0O0ODODO® O O0CO0O0DU0DO0I0 0w

INFUT MATKIX

5 5 6 6 6 6

2 & &

2

4 4 5 5 6 6 b 6 7

2

2 2
z 2 2 2

2

1LEUS

114

5 & & & & 1

4 4 5

1

1

0

7

3 37 01710

3

1

1

vUUOuUTIES

17

A |

4 4 4 4 5 5 6 b6 3

4 5 5 & 6 3

4 4 5 5 6 6 13

(a)

3 3 000
3 3000
0 0000 0o0O0ODOODODOOCOOO0OOO0CO

4

4

DECODE MATRIX
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-3
=1
g
2
=
=
2
(4
3
oo
oo
mo
~o
o~
~ o~
o2
s
™ =T
~ -
]
-
~e
B
-
-
-2
-
o
—-
- ™
—-c
]
~o0GoD
=R ]
A =
T 9O
- DO
~NeR o
-
-
=
-y
-

4l 00400

L4

TERRACE LEVEL

&4 0
04 1 064 016

5
(RE
117

UNDER THE RULES OF FOR EVALUATION, THIS LAYOUT DOES NOT MEET

{b)

LODO4&IEN

SSARY RELATIONSHIPE.

THE NEC

113
115
115
116
111
111

1
111
112

SQUARES

{1V

REQUIRES AREA

DEPARTMENT

L2000. 000

i1l
8]

112
113

BN DOD
OGO 000

11000000

113

115

114
115

BO0O. 000

112
117
112

115
115
118
117

g
b4
=

iin
7

=]
~

115

AVATLAKLE FOR RANDOM PLACEMENT

DLFTS.
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XI. APPENDIX II: PLANET AND OPDEP PRINTOUTS

FOR RONKO MANUFACTURING EXAMPLE
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PLANET Output for Ronko Manufacturing Example

fo o ey
Teie doms
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fite.s s wfl =2 S8 ol UK (- B 1 0 S

=i TYRT AC af cRssAy gesoan
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XIT. APPENDIX III: FLAG PROGRAMS



N 6

00

=0

[ ]

NN Ll

A,
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FLOWS Source Program

CHARACTER %20 NFAC

CHARACTER %13 HWMERF{Z)s NHUWTR(ZS
CHARACTER %10 NNFRDT(S!
CHARACTER %0 ADLGWIZS)
CHARACTER =7 PGM(4;

INTECER NGRF» CRFPMy NWCTR»
INTEGER NFLOWS(T)» HEL(ZT)
INTEGER FHASE: STACEC
INTEGER PQTY »UPHN

INTEGER FUCyTWC,MIR(T)
INTEGER SQTY.QTY»NMVES
REAL MCF»A(25,25.yD(25,250
REAL COCT

FHASE=0

IERR=2

STAGE = 1

PGM(1)="TLOWG"

CALL ORSTRT14051.1)
CaLL CHMCLOSG

FORMAT (A28
FORMAT(I2?
FORMAT(IL1)

FIRMAT (ALISS

FORMAT A10:
FORMATC(IO)
FORMATC(AT)
FORMATC(IZY
FORMAT(F7 +3)
FORMATC1X:020)
FORMAT C1X» 125321
FORMAT(1¥»5150
FORMATC(1X:1I1)
FORMAT(1%:410)
FORMAT(1X,I2)

FORMAT (1R s ALSyTX v n0)
FORMAT (LR ALy TR IZ2

3
i

IFRIT
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34 FORMAT(LXy2(I79» 2K »F7. 39 202K 1253
3C FORMAT(1X»20(F10.3,2X0 )
3& FORMAT(1X»1I7)

a7 FORMATC(LIXF10.3)

100 CALL CLEAR

104 FRINT %
FRINT *
FRINT ®
FRINT %,/ SELECT TASK FROM THE FOLLOWING:~
FRINT
FRINT %7 1. INFUT GENERAL DATA -~ WORKSHELT FLOWS 1
PRINT %s° 2. INPUT FLOWS DATA ~ WORKSKHECT TLOWS 2
FRINT %y’ 3. CALCULATE FROM/TO CHART'
FRINT e’ 4. EXIT FLOWS’
PRINT =X
b

FRINT ¥y "INFUT SELECTION NUMLBER AND MRESS <RECTURNS
READ (%y3) ME
IF (M5 «EQ. 1) GO TQ 105
IF (M8 EG. 2) GO TO 30C
IF (ME .EQ. 3) GO TO SO0
IF (M8 +ER. 4) GO TC 400
CaLL CLEAR
PRINT =
FRINT =
Coll WARNCIERR)
FRINT &y 'ERROR: IMMROFER SELECTION NUNMDCDT ENTERCD!M !
G0 TQ 161

105 CaLL CLEAR
CALL TRISFAC
FRINT % INPUT THE NAME OF THE FTACILITY TC EE LDCCZICRCI
FRINT %s° AND FPRESS “RETURN: .7
CaLl DUSFAC
PRINT &y "NOTE: LIMIT OF 2C CHARACTERS.’
READ (%s1) NFAC

116 Call HDCACSTACE»NFACMGM)
Cell DUSFAC
FRINT &y INPUT YOUR CLASS DESIGH CROUP NUMBER®

EER

FRINT v~ AND PRESE <RCTURNG . ¢
READ (&s2) GRFN
1135 CaLL HDGA(STAGEYNFACIGM)

CaLL TRISPAC

FRINT %7y "ENTER THE NUMEER OF MEHMESERS IN Your-
FRINT %47 DESICH GROUF AND PRESS =RETURN +7
RE&AD (% 3Z)NGRF

00 117 I=1:;MNERF

CALL HDGAC(STACE »NIraC B}

foe
-
i~
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Call TRISFPAC

118 FORMAT(1Xy "ENTER THE NAMC O OROUFP MEMECR 0. “.I10
PRINT 1181
PRINT %»~° AND FRESS “RETURNI: .’
CALL TDUSFAC
FRINT %,y ’NOTE: LIMIT OF 135 CHARACTERS.”
READ (#%s4) NMGRF(I)
117 CONTINUE
120 Call HDOACSTAGENFACyFGI)
caALL TRISPAC
FRINT Xy ENTCR THE NUMDER OF FROLUCTS TO LC’
PRINT %y MANUF&CTURED AT THE FACILITY UNDCRC

FRINT X+~ DESIGN AND PRESS <RETURN>.”
READ (%,3) NFROT

121 DO 122 I = 1,.NFRDT
CALL HDGACSTAGEsNFAC,FCHM)
CALL TRISPAC
122 FORMATCLR,y "CNTER THE NAME OF PRODUCT NO. "»I10
PRINT 12321 '
PRINT %y” ANDl FRESE «<RLCTURNX.”’

CALL DIUSFAC
FRINT %, ’NOTE! LIMIT OF 10 CHARACTLCRC.-
READl (&s5) NMPROT(I?
122 CONTIHUC
130 CALL HDO&CISTAGE»NFACYFGIH)
CALL TRISFAC
PRINT % 'ENTER THE NUMEBER O WORKCENTERS (OR DEPTC.. -
-k

FRINT %y I THE FACILITY UNDER DESIGH AND MRICT
FRINT &5 ° ARETURNE , *
REALl (%r22) NUWCTR

125 D0 1386 I = 1yNUCTR

Crl.l HDGA(STACEy NFAC, PG Y
CAaLL DUSFAC

137 FORMAT (1% *ENTER THC WAME OF WORKCECNTER NG. ¢, 123
PRINT 137:1 _
PRINT %’ AND PRESS SRETURNG +7

CaLL DUZSMAC

FRINT %y "NOTE: LINIT OF 15 CHARACTCRI. *

READ (%y4) NMWTRII

CALL TRIEFAC

PRINT %y "CNTER & FIVE CHARACTCRy OR LESSy ALDRCVIATIL

FPRINT ¢~ LAECL FOR THE ALCVE WORKCENTER &ND
FRINT %y FRESS “RETURNI .’
READ (X:7) AENMWCTI)
34 CONTIMUE
FHASE=1

OFEM (UNIT=i,FILE="CERDAT*y TYFC="REW  »LISH= 12057,
FORM='FORMATTCD” }

WRITE (1,24 NFAC

WRITE (1,27) GRFMy NORD

g 131 I= 1+0CRP

(=
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WRITE (1,28) NMGRF(I)
131 CONTINUE -
WRITE ¢1,29) NFROT
D0 152 I=1sNFROT
WRITE(L1y20) NMPROT(I)
182 CONTINUE
WRITE (1,321) NWCTR
DO 153 I = 1yNWCTR
WRITE (1+32) MMWTRCI)yADRNMW(I)
1532 CONTINUE
CLOSE(UNIT=1)
GO TO 100
OFEN(UNIT=2y TYPE="NEW’ yDISF='KEEF’ »TILE="FLOWS.DAT’
1 FORM='FORMATTEL")
00 310 I = 1+HFRDT
CALL HIGA{STAGE,NFACyFOM)
CALL TWUSFAC
FORMAT (11X "FRODUCT ¢
FRINT J01yNMPROTII)
CaLL DUSFAC
FRIMT %: 'CNTER THE NO. OF INTERDEFARMENTAL FLOWS’
FRINT %y~ ASSOCIATED WITH THE AZOVE FPRCGDUCT
FRINT @y’ AND PRESES <IRETURN: 7
READl (¢ &) WFLOWSC(I)
WRITE (2,32 MNMFRDT(I)sNFLOWSC(I?
CONTINUE
Do 320 I = 1y NPROT
0o 225 J = 1y NFLOWS(I)
CaLL HIDCACSTAGLyNFACyFGM?
CaLL Dusrac
FORMAT(SX: "FRCIUCT S
FORMAT(ZXy "INTERIEMARTMENTAL FLOW NO.3
CALL CMOPEN

TeilCy

310

=21

a0
el A e

fyrls

VI e i
Yok /

CaLL
CaLL
CaLlL
caLl.
call
CaLL
CaLL
ALl
CaLL
Cal.L

FRINT
FRINT

CalL

MOVE(Q.C+ 340400
GRAW(1ZC.0, 8. 03
DRAEWCLEC. 076400
DRAWCO. 0 78,02
DRAWI0.0x88.0)
HOKE

CHMCLEC

TRISMAC

TRISFAC

DUSFAC

21 +NMPRDTII)

TN
[

nugrac

PRINT #»'FOR THE ALCVE FRODUCTFLCW CHTER THE

FRINT

READ

FRINT
FRINT

N’ NUMDER OF UNITE FER
k280 POTY

N
a

¥ 'FOR THE AROVE PRODUCT/TLOW ENTER THCZ’

FRODUET .
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FRINT %y’ UNITS FER MOVE.’

READ (%+8) UFM :

FRINT %

FRINT %, FOR THE ABOVE FRODUCT/FLCW ENTER THE”
FRINT %y’ MOVE-CQST FER FOOT.~

READ (%»2) MCF

CALL HOGA(STAGEsNFACFGM)

CaALL DUSFAC

CALL CMCFEN

CALL MOVE(O.Cv &80

CALL DRAWC1ZC.0,E8.00

CALL DORAW(130,0:74.C)

CALL DRAW(0.0:74.0)

CALL DRAW(0.0+468.0)

CAalLL HOME

CaLL CcMCLOE

CALL TRISFAC

CALL TRISPAC

CalLL DUSkHAC

PRINT 321sNMPRDT(I)

PRINT 322»J

CALL TRISFAC

FRINT %y /ENTER THE MUMEER OF THE WORKCENTLRS
PRINT %5’ THE AROVE PROTUCT/TLOW LEFARTC.”
READ (x»y2) FUWC

CALL TRISPAC

FRIMNT %y ENTER THE NUMEER OF THE WORKCONTER'
FRINT % THE ADOVE FRODUCT/FLOW ENTERI.-
READ (%»2) TWC

WRITE (2,34) PRATYUPMyMCFyFWCy TWS

225 CONTINUE
T2 CONTIMUE
CLOSE(UNIT=2)
FHASE=2
GG TO 100
S00 OFENC(UNIT=1FILE='GEN.DOAT s TYPE="0LD" »DIDF = KELCF * 4

1 FORM=’'FORMATTEL’)
DPENC(UNIT=2,FILE="FLOWS .DAT »y TYFPE="0LI" yDIST="KECF " »
1 FORM='FORMATTLCI’)
OFENC(UNIT=3sFILE="FROMTO.DAT? » TYFE="'NEW "+ LISF="KCEF "
1  FORM=’FORMATTED ")
READ (1282 NFAC
READ (1+27) GRFN»NGRF
00 501 I=1yNCRF
501 READCL»28) NMGRF (I)
READCLy 29 ) NPRUT
00 S02 I=1yNFROT
READCLy30O)NMPROTII)
READC2 s ITINMPROT (L) » NFLOWS(TI
REATI( 131 INWCTR
0O 882 I=1vNWCTR

ra

]
3
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READC1s I2INMWTRCOI) » ABNMWCL )
CLOSE (UNIT=1)}

00 S04 I=1:285

Lo 500 J=1»20

AlTId)=0.0

B{Ipd )=,

CONTINUE

CONTINUE

CaLl. HDCA{STAGEyNFAC»CM?
Cal.L DUSF&C

FORMAT (1Xy/ENTER REQUIRED NUMLDER OF
FORMAT(6Xy " TO DE MANUFACTURED. ”:
00 308 I=1-NPRIT

FRINT S04+ NMFPRITC(I)

FRINT S07

READ {(%:8) MIX(I}
WRITE(Z»36IMINCT)

CONTINUE

CAaLL CLEAR

0o S10 I=1+NPRDT

DO 515 J=1yNFLOWSC(I)
READC2»34)FATY yUFM: MCFy FRC TWC
GTY = FQTY ¥ MIX(I}

NMVES= INT(QTY/ZUFM)+1

COST= NMVES % MCF

A(FWC, TWC)=a(FWCy TWC ) +COST
L{(FWCyTWC)=E(FWC+TWCI4+COST
CONTINUE

CONTIRUE

L0 S27 I=1syNWCTR

DO 3246 K=1yNWCTR

WRITE (3x37) BTl
CONTINUL

CLOSE(UNIT=2)

CLOSESUNIT=3>

EMI

frA1G)
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B, WORKOUT Source Program

DECLARATIONS

REAL FARCLO)

REAL FARF(1C)

REAL ERINT(4)y RBORD{4D

REAL NOTCH(As4) yARLCAH(S

REAL CEN(Z);PD(EvE)rFT(EErZSE

REAL CF(2)sNF (434 y P22y T ()

REAL OLD(2,2)

INTEGER GRFNyNGRFyNFRIT NWCTR NCL

INTEGER TNsTY,DIR
INTEGER TNFsTYFs TFLACYFH
INTEGER NEFD(2)

INTEGER SCREF

CHARACTER % 20 NFAC

CHARACTER % 15 NMCRF(Z)y NMWTR{ZDD

CHARACTER % 10 NMFRDT(S)s LEL
CHARACTER %10 LDLF

CHARACTER % 7 FOM{4)

CHARACTER % S ABENMWIZIT) »WAL(A)
CHARACTER % 2 FOL(ZD

WAL (1)="NDORTH"
WAL (2)="S0UTH"
WAL (Z)="EAST"
WAL (4)="WEST"
FOL{1)="FOLC~
FOL(2)="FOD’
FH=2

IERR=2

MARSC=1
ISTART=1

ISEL=0

JPLAC=0
SINCH=,20E857718
CaLL GR”TFT(?OS
CalL CMCLOS

oo
1y

12

FORMATS

FORMATC(1X: A20)
FORMAT(1X»IZySXs 1)
FORMAT(1XsALS)
FORMATC(LXyI10
FORMATC(LXyA1CH
FORMAT (1Xy12)
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7 FORMAT(LX»A15, X AT
o] FORMAT(IZ)
? FORMAT(1X»I2,SXyA1T5,35Xy12)
10 FORMAT(IL)
31 FORMAT(LXyI1y DXy I290XvALO)D
12 FORMAT(1Xy2(F10.3s3X)»FL1C. 2D
12 FORMAT(1X»1CF10.3)
14 FORMAT(2F10.3,F5.2)
15 FORMATC(1XyFa.1)
& FORMAT(F7.3J
17 FORMAT(1Xy25(F10,2y2X}))
18 FORMAT(1X»A(F10.3+2X))
7 FORMAT(1X»2(F10.32,2X2)
20 FORMAT(iXs2(I1+2X))
21 FORMAT(1Xy3(F10.3y2X))
22 FORMAT(1XyF10.32)
GO TO 8¢9

INITIALIZE FROGRAM

&S OFEN(UNIT=1sFILE="CEN.DAT  » TYFE="0LI" ¥
1 TDISP='KEEF’yFORM='FORMATTELD)
- OFEN(UNIT=2sFILE="WCEN.DAT s TYFE="NEW"
1 TNISP=’KEEF’sFORM="FORMATTED
OFEN{UNIT=3yFILE='EORD.DAT y TYFPE="NEW" y
1 DISF='KEEF’sFORM="FORMATTED")
OFPEM(UNIT=13FILE="FROMTO.DAT s TYFE="0LL "y
1 DISP=’KEEF’FORM="FORMATTLCD ")
OFEM(UMIT=EyFILE="WORKQUT ,O&T " TYFE= "HEW " »
1 DISP="KEEF’;FORM="FORMATTED ")
70 READ (1y1) NFAC
REAL (1 2)GRFNy NGRF
ng 78 = 1y NGRP
74 READ (1:3) NMORP(I)
REATD (1,4) NFRDT
LO 77 I = 1sNPRIOT
7 READl (1452 HMPRDTC(I)
READ {(1y&) NWCTR
D0 78 1 = L1 NUCTR
74 READ (147) MMWTROI) v ARNMWITS
CLOSECUNIT=1)
KNUM=NFROT+ (NFROTHNWCTRENWCTR
00 72 KKO = 1,NFRIT
2% READ (12:T) LELF
D0 62 KKI = 1yNUWCTR
00 85 KKIF= 1yNWCTR
REATI (13+22) FT(RRIRRIM:
83 CONTINUE
oo CONTINUE
CLOSE(UNIT=13?
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GO 7O 101

CALL CLEAR

CALL TRISFAC

FRINT %y /INFUT THE NUMBER OF FREVIOUSLY DESIGHER'
FRINT k¢’ WORKCENTERS AND PRESE «RET:
READ ¥sNFD

IF (NFD .EQ. O0) GO TO &5

ISTART = NFDO + 1
OFEN(UNIT=2yFILC="WCEN.DAT »TYFE="0LD"y
DISP='KEEF’»FORM='FORMATTED ')
OFEN(UNIT=0:FILE="WORKOUT .OAT " « TYFE="0LD "y
DIEP='KEEF’  FORM="FORMATTED)
OPEN(UNIT=3;FILE="RORD.DAT . TYFRE="0LD" ¥
DISF='KEEF’ yFORM='FORMATTED ")
OFEN(UNIT=1+FILE="GEN.DAT "+ TYIC="CLD"
DISP='KEEF’ yFORM="FORMATTEDL’)
OFENCUMIT=13:FILE="FROMTO.DAT  y TYPE="0LD ",
DISF='KEEF’ yFORM="FORMATTED ")

00 25 I = 1+NFD

READ (2+%) REsNMWTR(KK) »NEL

READ (342 KKyNMWTROKK) »NEL

READ (8:6) NEL

READ (2,6) 1S

READ (3+46) IS

IF (IS .GT. MAXGC) MAXSC = IC

NREC = NEL % Z

NRECA = NEL X 24

Do 21 II = 1yNREC

READ(Z:5) LIELF

D0 22 II = 1,NRECA

READCDsS) LELP

Do 23 II = 1917

READ (3+5) LELF

COMTINUE

GO TO 7O

MAIN WORKCENTER LOOF

00 100 I = ISTART»NWCTR

SCREF=1

CALL CLEAR

CALL HDGA{PHyNFACyFGHM)

CALL DUSFAC

PRINT 111-1 »NMWTR(I)

FORMAT (13X “WORKCENTER NOW$ 791lRyIZ2y28y "= w2i6AL0
CALL DUSPAC .
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FRINT %, INFUT THE NUMEER OF ELEMCNTS TO
FRINT %»” BE FLACED IN THE ABOVE WORKCENTER

ooOono

PRINT %y’ AND FRESS < RETURNX.’
READ (Xr8)NEL
WRITE(2,2)IsNMWTR(I) sy NEL
WRITE(3»@)IyNMUWTR(I) ¢+ NCL
IFLAC=Q

JFLAC=0

TFLAC=0

Do 150 JKRI = L1s4

no 151 IJK = 1,4

151 NOTCHITJKy JKI) = 0.0
150 CONTINUE

D0 1352 JRKI=1,3
152 AREA(JIKIN=0.0

Onen

oo

+ 00

r
(o]
&

220

OFENC(UNIT=11yFILE="T1.0AT »TYFE="NEW"

DISF=KEEF,FORM='FORMATTED )
CLOSE(UNIT=11)
BEGIN ELEMENT LOOP

DO 350 J = 1yHE

ELEMENT LOOF MAIN EOTTLENECK

IF (IFLAC .EQ. O) GO TO Z
IF (IFLAC EQ. 1Y GO TO 2
IF ¢(IPLAC .ERQ, 2% 6O TO 22
IF (IFLAC «CE. 3) GO TO 240

> B

¢
C
¢

FIRET TEMP /REIRAW DBYPASE

CALL FRAME(GCRErM » XAy Y& STEM)
CALL FRAHMEA(SCREF »XA:YA»STLEM:
IF (IFLAC .EQ. 1) GO TO 250
GO TO 223

REDRAW ROUTINE

OFEN(UNIT=11,FILE="T1.0AT ' »TYFPE="0OLD"’

DISF='KEEF’ »FORM= "FORMATTED " ;
CALL FRAME(SCRE »Xé&y YA STER?
CALL FRAMEA(SCREFyXAs VA»STER?
D0 221 JJ = 1,TFLAC
READCLILy11) TYPTNFyLELP
READLLIL1.12) RPYYIYRT

REARCIL 13 CPARP CIR Y v JK=14 107

¥

¥
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CALL RORAWL(XAsYAyTYP s THF 5D YDy REyFARP » LELF - SINC
221 CONTINUE

CLOSE(UNIT=11)

IF(JFLAC .GT. 0) GO TO 300

IF(IFLAC +EQ. 2) GO TO 228

IF(IFLAC .EQ. 3) GD TO 242

IF(IFLAC .EQ. 4} GO TG 25C

SELECT TEMFLATE TYPE

223 CALL FSPaC
224 FRINT %,’SELECT TEMFLATE TYFE AND FRESS <RETX.’

FRINT %
FRIMT Xy’ 1. GENERAL SHAFE TEMPLATE."
FRINT %y’ 2. FLANFRINT MACHINE TEMFLATE.’

READ (¥y10) TY

IF (TY .EQ. 1) GO TO 2285

IF {TY <EQ. 2) GO TO 223

CALL CLEAR

CALL WARNCICRR)

FRINT %, "ERROR: MUST ANSWCR 1 OR 2.7
CALL TRISFAC

GO TO 224

MEMUA - GENECRAL SHAME TEMFLATES

225 CaLl MENUAPGH)
READC(RsCY TN
IF(IFLAC EQ. 0XG0O TO 227
IFLAC = 3
228 IF(TN «EQ. 1) CO TO 2246
IF(TN JEQ. Z) CALL RECTA(FAR,LEL?
IF(TN +EQ. 2) CALL DRECTA(FARsLEL)

GO TO 208
22¢& CALL SQUAREA(FAR,LEL)
GO TB 203

27 IFLAC =1
GO TD 228

MEMUE — MACHINE TEMFLATES

233 CALE MEMURIFIM:
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READ (%:,8) TN

IF (IFLAC +EQ. ©) GO TO 227
IFLAC =
GO TO
IFLAC
GO TO

0

Rnr
= au

0

FLACE NEW TEMFLATE

IF (IFLAC .GE. 2) GO TO 220

CALL FRAME(SCREF»XAyYAsSTEF)

CALL FRAMEA(ECREFyXA»YASTEM)

CALL FSPAC

FRINT %+ INFUT X-COORDINATE» YV-COORDINATE, AND’
PRINT %y ROTATION FACTOR SEFARATED EY COMNAG.”
READ(¥r14) XyYsR

IF (IFLAC .EQ. 1) GO TO 210

IFLAC = 4

GO TO 203

END LOOF OFTIONS

CALL RIRAW(XAYyYA»TYy TNy XsVsReFARyLELySINCH?)
CALL FSFAC

FRINT ¥y SELECT OFTION AND FPRESS <RET>.°
FRINT %

FRINT Xy
FRINT %
PRINT X
READ(X, 107 ISEL
IF ¢ISEL +EQs 13} GO TD 260

IF CIEEL +JEB. 27 80 10 Z?7

IF ¢ISEL +EG. 3) G0 TO 28

CALL CLEAR

CALL WARN(IERR)

PRINT %:“ERRORS MUST SELECT 1¢ 2y GR &7

60 TO 251

v PLACEMENT AFFROVLEL. ’
« TEMFLATE ADJUSTMENT NECDELD. ”
« INCREACE FRAMLC AREA.

P =

FLACEMENT AFFPROVEL

ISEL = @

ISKIM = 3RTHLAC
OFENCUNIT=11,TILE="T1,DAT "« TYFC=0LD ",
DISP="KEEF" :FORM='FORMATTCD')

IF (IPLAC «LE. 13 GO 7O 249

DO 261 I8 =15 I8KIH

READI1.8)LELR

WRITECIL 1L TV TRLLEBL
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WRITEC(LLv12) XoYeR
WRITE(11,1Z) (FARC(JIR) v JR=1510)
CLOSEC(UNIT=11)

IFLAC = 2
TFLAC =TFLAC +1
GO TO 350

REFLACE TEMPLATE

ISEL = 0O

IFLAC=Z

IF (IFLAC .EQ. 1) GO TO 240
GO TO 240

DOUBLE FRAME AREA

ISEL = ¢

I0LD =SCREF

SCREF = SBCREF {1
XCP=(130.0%8CREF) /2.0
XOLD=(130.0nI0OLD) /2.0
YCP=(100,0%SCREF) /2.0
YOLD=(100.,0xIO0LD:.,/ 2.0
DX=XCF-X0LLD

nY=YCF-YOLD

X=X+DX

Y=Y4Dy

IF(JPLAC .EG. 0) GO TO 28
EORD(1) = ECRDC1)+DY
EORD(Z) = BORDN2)+DY

EORD(3) EORL ()4 DX

BORDC(A) = RBORDC(4AY4DX

IF (NOTCH(1s1) .EQ. G} GO TO 23
NOTCH(2:1) = NOTCH(Z,1)4DX
NOTCH(3»1) = NOTCH(3#1)+DY

IF (NOTCH(1.2) ,ER. 0) GC TO 284
NOTCH(2,2) = NOTCH(2,234DX

IF (IFLAC .EQ. 17 GO TO 210
NOTCH(3»y2) = NOTCH(Z,2)4DY

IF (NOTCH(1,2) .EQ. ©) GO TO 2€E5
NOTCH(Z2,3) = NOTCH(2,3:+DX
NOTCH(Z,3) = NOTCH(3,3)+DY

IF (NOTCH(1+4) .EQ. 0) GO TO 28¢
NOTCH(2r4) = NOTCH(2s4)+4+DX
NOTCH(3:4) = NOTCH(Zy4)+DY
OFENCUNIT=11,FILE="T1.DAT’»TYFE=
LIEF="KEEF’ »FORM="FORMATTEL")
OFENC(UNIT=12yFILE="T2.0AT s TYFE=
LISP='KEEF“ yFORM="FORMATTED ")

“OLL "y

"HEW "y
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o 281 KK=1sTFLAC

READCIL: LIDTYF» TNFy LELF
READCLILy123XF YTy RF
READCL11y 13 (FARF(JR) y JR=1410)
XP=XF+DX

YP=YF+DY

FARF(7) = PARF(7) + DY
FARF(C) FARF(E) + LY
FAERFP) FARF(2) + DX
FARF(10) = FARF(10) + DX
WRITE(1211)TYFy TNFyLELF
WRITEC(12:12)XFsYP s RF
WRITE(12y13X (FARP(JKY v JK=1+1C)
CONTINUE

CLOSE (UNIT=1i1)

CLOSE (UNIT=12)

H i

OFENCUNIT=11»FILE="TL DAT s TYFE="NEW" s

DISF='KEEF’ yFORM="FORMATTED ")

OFEN(UNIT=12yFILE="T2.DAT » TYFE="CLD"y

DISF='DELETC’ yFORM='FORMATTLED )
oo 282 KK =iy TFLAC
READCLIZ2,110TYF o TNy LLLP
READ(12¢12)XF»YF 2+ RF

READC1IZ2y12) (FARP(JK) s JR=1510)

MRITECLI¢11)TYP THE»LELF

WRITEC(LL»12)XF«YPeRI
WRITEC(LLy 130 (PARF(JIRY p JE=1» 100
CONTINUE

CLOBECUNIT=11)

CLOSE(UNIT=12

IF ¢JPLAC .GT. ©) GO TO SO0

GO TO 20T

END OF ELEMENT LOOF
CONTINUE

WRITE(2y &) SCREF
WRITE(3+ &)Y SCREF

OFENC(UNIT=11sFILE="TL. . DaT » TYFE="0LL" »

DISF='KEEF’ s FORII= ' FORMATTED
IO 360 KK = 1yNEL

READ{(1I1,11) TYPyTNFWLLILP
READNCI1y1Z)XF o YFRF

READCILs 1Z)AFAERF IR » JR=1 9 100
WRITE(2y11)TYFy TNFyLELF
WRITE(2»12)XF+YFPy RF
WRITE(2y13) (PARFP{JK) y JK=1+10)
CONTINUE

CLOSE(UNIT=11)
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START BORDERS

JFLAC 1
TFLAC = NEL
OPENCUNIT=11vFILE='TL1.DAT » TYFE="0LD"»
1 DISF=’RKEEF’yFORM="FORMATTELD")

REALCLLy 110 TYF s TNFy LELF
READCLLy 12)RFy YPyRF
READC(LIL1y13) (FARF(J) v J=1y6) » (BORD(IJ) » T =144
IF (NEL «EQ. 1) GO TO 4%9%
[0 475 Jd = 2yHEL
READNICI1v11) TYFwTNFLELP
READIN(11+12) XPyYFPsRF
READCILs13) (PARP(L) vy J=1e8) 9y (BINTIIT 3 I2=1,50
IF (EINT¢(1) .LE. BORD(1)>) GG TO 47
BORDICL) = EINTC(1)

A70 IF (BINT(2) +GE. EORD(Z)) GC TO 471
EORDCZ2) = BINT(2)

A71 IF (BRINT(3) .LE. BORD(3)) GO TO 472
BORDC3) = RBINT(3)

472 IF (EINT(4) .GE. EBEORD(4)) GO TO 4735
BORDC4) = EBINT(4)

475 CONTINUE

499 CLOSE(UNIT=11) -

EORDER SECMENT EXCHANGE

500 IF (JFLAC +EQ. 1) GO TO S2%F
I (JrFLAC JEQ. 2) GO TO 3346
IF (JFLAC .EQ. 3) GO TO Z44
IF (JFLAC EQ. 4) GO TO S47
IF (JFLAC +EQ. 35) GO TO 573

o
IF (JFLAC .EQ. &) GO TC S8C
IF (JFLAC .EQ. 7) GO TO 384
IF (JFLAC JEQ: 8) GO TC &00
IF (JrFLAC JEQ. 9) GO TO 42T
IF {(JFLAC +EQ. 10 GO TO &35
IF (JFLAC .EG. 11) GO TO &50
IF (JFLAC <EQ. 12) GO TO 47T

INITIAL BORIER OFTIONG

25  JFLAC#2

GO TO 220
G30 . CALL EORDER%ArYa&» BORI, MOTCH v AREA» SINGH: FO)
CALL FEFAC
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a3 FRINT %y“SELECT OFTION AND FRESZ IRETY.”
FRINT %+ . 1. ACCEMT MRE-NCTEWED BOLRDER

=
=1
5
o

FRINT % 2. ADJUET PRE-NOTCHED DCRIER
FRINT ¥y 3+ INCREASE FRANE ARCA.”
READ(Rs10) ISEL

IF (ISEL .EQ@. 1) GO TO T3S

IF (ISEL EQ., 2) GO TO S45

IF (ISEL .EQ. 3) GO TO SéS

CaLL CLEAR

CALL WARNCICRR)

FRINT %y 'CRRORS MUST INFUT 1y 2y OR 3.7
CaLlL WARNCIERRD

FRINT %

GG TO 321
G533 JFLAC = T

GC TO SO0

ICC: ADJUST LORDCR
545 JPLAC=2

Crki CLEAR

CaLl HOGACFHsNFACYFPEI

CALL TRIGSFAC

FRINT ¥,»’SPCCIFY WHICH LORDER IT TC EBE ADJUSTEL.’
FRINT =

FRINT s’ 1. NORTH (Ters
FRINT % 2. SOUTH (BOTTOM)
FRINT %’ I+ EAST (RIGHT ) ”
FRINT %27 4, WEST PLEFTY

READCHy LOINEATI
GO TO SCT
J4aa JELEC = 9
Go TO0 ==
S47 JPRLAC = 1
CALL EORDER (RA»VAyDORIyNOTCH s ARCAs SINCHsFPO) -
CAaLL FEPFAC .
IF {NBaDJ .GE. J) GO TO SS2
PRINT *»“SELECT THE DIRECTION THE ZORDER IZ”
FRINT Xy “TO BE ADJUSTED:’
FRINT %y 1. Up?
PRINT %5 2. DOWN’
READ (%,1C} DIR
IF (IR .EQ. 1) GO TO 548
IF (IR JEQ. 2) GO TO S5
CALL WARN{IICRR)
CaLL WARNIICRR)
GO TO 44
48 FRINT &7 INFUT THE AMOUNT OF UPWARD ADJUSTMENT”
FRINT %’ Il RESL THCHES AND PRESS <RET: .7

REATCOEy L&Y ald

1
&
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SADJ=ADJRSINCH
BORDCNEADJ) =RORDI(NBADJY + SAaADJ
GO TO 500 ’

&)
a
<

FRINT %y /IN REAL INCHES AND MRESS
READI (%ky16) ADJ

SAll) =ADJ % SINCH
BORD(NEADJ ) =BORD(NERADJ) -SAD]

GO TO S00

FRINT %y SELECT THE DIRECTION THE
FRINT %»’T0O BE ADJUSTED.-

FRINT Xs¢” 1. RIGHT.”

PRINT % 2 LEFT

READ (%s18) DIR

IF(DIR EQ. 1) GO TO TT3

IF (IR +ERe. 2) GO TO S54

CALL WARN{IERR)

CALL WARN{IIERR)

GO TO S4é

4]
4]
28]

]
&
(]

FRINT ks IN REAL INCHES AND FREES
READ (%y1&) ADJ

Salld = Al & SINCH

BORD(NEADJ? = BORDCNDADJY + SADJ
GO TO S00

FRINT %, INFPUT THE AMOUNT OF LEFT
FRINT %y 'IN REAL INCHES AD MREESC
READCRs 16) ADJ

SaDd = ab0Jd % SINCH
EORDONEADI > =RBORDIMDAD) ~-8ALY

GO TO GGG

€1
[ &1
i

IED: DOUELE FRAME

n&S JFLAC 1
GO TO 280

ij

NOTCH OFTIONE (NQ3

579 JFPLAC = &
GO TO 220

FRINT %y /INFUT THE AMCOUNT OF DOWNWARD

SRET & 47

LORDER IS

ST ke SLUNNNN]
oL S R

ADJUSTMENT

SRET T

580 CALL DORDER (Xay YA BORDyNOTCHy AREAy SINCH, 0D

CALL FSFAC

ADJUETHMENRT

PRINT %y “INFUT THE AMOUNT OF RIGHT ADJUSTHENT'

’

521 FRINT X»'0I0 YO WISH TO NOTCH & CORNER?T’
FRINT %
FRINT %y’ 1. YES"’
FRINT s’ 2. NO - DELETE & HNOTCH”
FRINT %o’ Zs MO - ACCEFT FPRESENT LORDERS

REsD{&s10) NEE
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IF{HCE .CQ. 1) 0D TC ZES
IF (NCE .EQ. 2 GO TO S
IF (NCE .EG@: 3) BOQ TO S
CALL CLEAR

CALL WARNCIERR)

PRINT %y ERROR: MUST SELECT 1., Z:r OR 3»
PRINT %

GO TO Se1

NO?! MAKE NOTCH

JPLAC = 7

Call CLEAR

CALL HDGA(FHNFACsFGHM)

CALL TRISFAC

FRINT ¥y ENTER CORNER NUMDER TO EL NOTCHEL”
CaLL DUSFAC

FRINT %7~ 1. NORTHWEST CUPPER-LEFT? *
PRINT %y’ 2. HORTHEAST (UFFER-RIGHT
FRINT %¢* 3+ SOUTHEAST (LOWER-RIGHT)”
FPRINT %s* 4. SCUTHWEST (LOWER-LEFT *

READ {X+10) NCORN

GO TO 220

JPRLAG = §

CALL EBORDER(XAsYAsEBEORDyNOTCHyAREA»SINCHyFO)
CALL FSFaC

FRINT %, ENTER X~COORDINATE OF HNOTCHFOINT'
FRINT 78NDN FRESS <RETX.’

READ(xy 14 INOTCHC(2 y NCORN)

PRINT %+ ENTER Y~-COORDINATE CF NOTCHRSINT®
FRINT X AND FREES <RLCT: .7

REATICXs14) NOTCH(I» NSO
NOTCH(1 s NCORN}=1.0C

GO TO S00¢

ND: DELETE NOTCH

JFLAC =8
CALL CLEAR

CALL HIGACPHyNFAC: FGM)

CALL TRISFAC

PRINT »’ENTER THE NOTCH YCU DCSIRE TO DELETC.
CALL DUSFAC

FRINT %y 1. NORTHWEST CUPPER-LEFTY
PRINT ¥y” 2+ NORTHEAST CUPPER-RICHT Y’
FRINT Mo 2 SOUTHEAST (LOWER-RIGHT: "
PRINT %y’ 4. GOUTHWEST ({LOWER-LEFT:”
FRINT %y Ce NO DELETIONY

READ (%5107 WCORN
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IF (NCORN .EQR. ) GO TO
IF (NOTCH{1yMHCORN) .EQ.
NOTCH(1yNCORN)= 0.0
NOTCH(2yNCORN)= 0.0
NOTCH(ZyNCORN)= 0.0
NOTCH(4yNCORNY= 0.0

GG TO S00

CALL CLEAR

CALL WARNCIERR)

<1

-
S
+C) GO TG S92

PRINTX, ERROR: THE CORNER SFECIFIED HAS NC NOTCH.’

CALL TUSFAC
CALL WARMCIERR)
GC TO S5e1

NO? FINALIZE BORDERS

JFLAC = 8B
CEN(LY
CEN(2)
GO TO S0C

BORD(I) -~ LORDC4)
EORDC(1) - DORLI(Z)

FOE AND FOD OFTIONS {Fr0

JFLAC=?

NEFO(1)=0

NBFO(2)=0

FO(1s1)=0.0

DD &03 KKI = 1yNWCTR

IF (FTC(KKTI»IY LGT. €.8) FOC141) = 1,0
CONTINUE

FOC2y13=0.0

D0 &0& KKI = 1+NWCTR

IF (FT(Is+ERI) +GT. 0.0} FOCZ2s1;
CONTINUE

it
=
-
o

PO FOC/FOD LOGP

DO &9% NP=1,2

JPLAC = 10

IF (POCHFs1) EQ. 0.0) GC TO &929
CALL CLEAR

FORMAT (1Xy’ INDICATE THE RORDEFR YOU DESIRE TO L
FORMAT(1X s "THE  y 1% A3y 4 )

FRINT 427

FRINT &28y POL(NP)

CALL WaLL

REAT( Ry 10 HNE

NEFO(NRP)Y=NE

Ll ot
L TR
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IF(NE EQ. .7 GO TO
IF(NE .EQ, 2) GO TC
IF(NE JER, 33 GO TO
IF(NE .EQ. 4} GO TO
CALL CLEAR

CALL WARNCIERR)
FRINT %y ’ERROR: MUST SELECT i, 2,
CALL WARNCIERR)

GO TO 429

O O~ O
NN W
=R O

C~

FONFy3) =RORDONE
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KP=2
GO TO 435
¢31  FO(NFy2)=DORD(NE)
KP=3
GO TO &35
635  JPLAC = 11
GO TO 220
650  JPLAC = 12

CALL BORDER(XA»YA»BORDyNOTCHy AREA»SINCH,M0)

CALL FSFAC
685 FORMAT(1Xy "INDICATE AT WHAT FOINT ALONG THID')
&506 FORMAT(1X»AS,1X,’BORDER YOU DESIRE TO FLACE THIZ)
£57 FORMAT(1XyA3r ", ")
&350 FORMAT(SXr "ACCEFTAELE RANGE: "»1X»FBe 21Xy "= " y1X:F3:2)
539 FRINT &S5

FRINT &Sé6» WAL CNE)

FRINT 657 FOL(NF)

IF{(NE .OGT. 2) GO TO &40

FRINT &TC8,DORDC4) yBORDC(T)

READCXy18) FOCNFsRF)

IF (FOD(NFyKF) .GT. EORD(3)) GO TO 445

IF (FO(NPyKF) LT. EORIC(4)) GO 7O 466

GO TO 220

640 FRINT &58,EBORD(2)»EORD(1)
READ (%y18) PDINFsKF)
IF (POUNFRF)Y +OT. BORDU1)) B8O TU 465
IF (FOCNPyKP) JLTe BORD(Z)) GB TO 456
GO TO 220

CALL CLEAR
CALL WARN(IERR)

~
o
&)
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PRINT % VALUE INFUT EXCEEDS FERMISSALDLE RANOCLC.
FRINT %»’TRY AGAINy YOU JCRK

CaLl DUSFAC

GO TO &59

CALL CLEAR

Call WARNCIERR)
FRINT %y "VALUE INFUT FALLS DELOW FERMISSAELE RANGL.’
FRINT ¥s TRY AGAINy YOU JERK~
CALL DUSFAC

GO TO &£39

CALL EORDER(XArYA»BORD:NOTCHsAREA»SINCH RO
EaLL FSPAC

FRINT %y 7INFUT OPTION aAND FRESS “RETH.
FORMAT(10Xy» "1« ACCEFT " slRsm3s s’ )
FORMAT 10X 2, ADJUST v LXpA3y 7. 7)

FPRINT &80y FOL (N

PRINT 4681y FOLONM)

READ (ke10) ISEL

Iff ¢ISEL +EW. 1) BO TQ 4679

IF (ISEL «EQs 2 B0 TO 424

CaLL CLEAR

Call WARNCIERR)

FRINT #%s “ERROF: MUST SELEET 1 OR .7
CalLl WARNCILRR:

CaLL DUSFAC

GO TO &76

END OF FEE/FOD LOOF

CONTINUE
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STORE EORDER DATA

850 CALL PSTORE(EORIYyCENyFDyNOTCHyNEFOyOLID
OFEN(UNIT=11yFILE="T1.DAT » TYFE="0LL"
1 LDISP='DELETE’yFORM='FORMATTEDR’)
WRITE(S24) NEL
[0 8460 IKF=1,NEL
READC11+11) TY+»TNyLEL
WRITE(By11) TY»TN:LEL
READCL11y12) XeYsR
XFPE=X~-0LD(1s1)
YFE=Y-0QLD(1+2)
WRITE(Ey12) XFE+YFEsR
AFE=X-0LD(2y1)
YFE=Y-0LD(2+2)
WRITE(8y12) XFE»YFEsR
READ(11+13) (FAR(JRKRI vy JRR=1,10}
WRITE(8+13) (FPARCJIRK) y JRK=1+10)
84690 CONTINUE
CLOSECUNIT=11) )
IF (SCREF .GT. MAXSC) MAXSC = SCREF

100 COHTINUE

CLOSEC(UNIT=8)
OFENCUNIT=7yFILE='SCALE.DAT » TYPE="NEW " s
DISF='KEEF " » FORM='FORMATTED ")

WRITE(7s4) MAXSC

CLCECECUNIT=?)

CaLL GRSTOF

END

[T
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NATES OF NOTHFOINT?
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D. OUTPUT Source Frogram

DECLARATIONE

REAL FF{2:2):0LD{2+2)yBF(2,4)sCF(2,y2)
REAL NCORNC4,2)

REAL NF(2:,4:2):FAR(10) yFLOT(25+5

REAL A(2)yWALLS(4)

INTEGER GRFMNyFHyDEVICEyCOLREySCALEySCREF
INTEGER FLACE(25)

INTEGER BCORN(4)

INTEGER FT(2)yNPT(2)sNEFO(2) sy TNsTYIFLOT(25+ 3T
INTEGER PIV

CHARACTER X 20 NFAC

CHARACTER * 15 HNMGRP (D) » NMWTR(2E)
CHARACTER 10 NHMFROT{D) ¢ LIL

CHARACTER S ABNMW(235)

CHARACTER 7 FEMi4:

CHARACTER AR Z

3% 3¢ 3¢

INITIAL VALUES

FH=4

SINCH =,358577165¢
IERR=2

IFE = 1

FORMATS

FORMAT(IA)

FORMAT(LXyI2)
FORMAET(LAyIZ2»SXvAlEyTXyI2)
FORMAT (1X-12)
FORMAGTCL Ay I1»SKe I29TXrAL0)
FORMAT(1Xy2(F10.3:TX)»F10.33
FORMAT(1X:10F10.3]
FORMAT(LIX: A7)

FGM INITIALIZATION

CALL ROGEN(NFAC,GRENs NGRFPy HMGRFP » NFROT o NMFRDT
NWCTRy HMWTR » ALNMW)

CALL RELAYTC(NWCTR,FLOTy IFLOT» NCORN: BCORNyWALLS)
CAakL GFCT“TtAOJ;nI)

Chkl CHCLO
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QuUTPUT MENU

CaLL HOGA(FHsNFACyFOM2

CALL TRISFAC

FRINT Xe’ QUTFUT MERU”
CALL DUSFAC

FRINT % 1+ MACHINE TEMFLATE”
FRINT ¥ 2. WORKCENTER LAYOUT”
FRINT %57 2. PLANT LAYOUT”
FRINT %~ 4. EXIT OUTFUT”

REALDl (%¢1) IOFT

IF (IOFT +EQ: 1) GO TO 400

IF ¢10PT .EQ. 2¥ 80 TO 200

IF ({IOFT .ER. ZY GO TO 300

IF (IOFT EQ. 4) GO TO 997

CALL CLEAR

CALL WARMIIERR) )

PRINT %’ ERROR: MUST SELECT 1 2+ 3» OR 417
60 TO 35

WORHCENTER LAYOUTE

READ (%s1) IDS

CALL MDCACFHyNFACyPGM)

CALL TRISFAC

PRINT X WORKCENTER LAYOUTS’
CALL DUSFAC

FRINT %:/READ ALL IMNSTRUCTIONS EEFCRE DOINC ANYTHING
FRINT %

FRINT %» TO MAKE WORKCENTER LAYOUT!’

FRINT *

FRINT %5 fie. ENTER WORKCENTER HUMEER.’
FRINT #¢” Bo WAIT UNTIL DRAWING ON DISFLAYY
FPRINT & IS COMPLETEDR.

FRINT s C. FRESS WMARE COPFY.’

FRINT Xy I, AFTER HARDICOFY COMFLETE INFUT
FRINT %z~ ANY DIGIT AND PREES <RETH:.”
CaLl. DUSFAC

FRINT ¥%»° TO RETURN TG OUTFUT MENU INFUT 297

FRINT #y° AND PRESS <RETX.
READ (hel) NUW

IF (NW GT. NWCTR) GO TO SO
OFEN(UNIT=?yFILE='SCALE.DAT " s TYPE=/OLD"y
DISF='KEEF’y FOMM=’'FORMATTEDR "

READ (7sZ) HMSCALE

CLOSESURIT=7)

CALL FRAMCW(MBUALE» X YALESTER)
SCALE=MECALLC



210

OFENCUNIT=8yFILE='WORKQUT OAT " » TYPE« QLI
1 DISP='KEEF’»FORM='FORMATTEL "}
FIV=IFLOT(NW,1)
CALL LOAD(NWyEFyCFyPFsNFyNEFOCLOFPT+NFT)
ACL)=0LT(FIVy1)
A(2)=0CLD(FIVs2)
IF (NW .EQ. 1) GO TO 210
NEK=NW-1
o0 205 IKK = 1sNK
REAL(8y4) NELF
Do 204 IKA 1+ NELF
0o 203 IKE 1+4
203 READ(Ey8) Z
204 CONTINUE
205 CONTINUE
210 READ(S»4) NEL
00 230 ILL=1sNEL
READ (8+5) TY«TNyLBL
IF «(FIV ,EQs 2) GO TO 220
READ (8+8) XsYsR
READ (8+8) Z
GO 7O 223
220 READ (8:8) Z
READ (8vé) XyYIl
225 READ (E8+7) (FARC(IAS)»IAS=1»10)
CALL TRANSL{(A(LY»A(2)3
CALL RIOFAWNOD(XA»YAYyTY» TNe Xy VyReFARS LEL SINCH?
230 CONTINUE
CLOSE(UNIT=8)
RTE=0.0
Call TRAMSLLACLY»ACZ))
CALL DWCTRO(KXAy YAy BFE s NFyFFIPTsNFT»AsFPIVRTEY IFECS
READ ¥, INS
GO TO 129

non

.

I00 CALL HIOGAC(PH s NFACyFOM)
CaALL DUSFAC
CALL CMOFEN
CALL GRSTOF .
FRINT %, FLART LaYOouUT”
CaALL TDUSFAC
PRINT X 7INFUT FOUR DIGIT DEVICE NUMBER”
READ! (%y1) DEVICE
CALL TWSFAC
FRIMT %y INFUT OFPTION CODE*
READl (%x¢1) COLE
CALL GRSTRT(DEVICE,CODE)
CaLl CMCLOS
OFEN(UNIT =7 FILE=’SCALE.DAT 7 » TYFL="0LD "y
1 DISP='KERF’ s FORN=’FOEMATTED )
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OFEN(UNIT=8,FILE='WORKOUT.DAT » TYFE="0LD"
DISF='KEEF "’ »FORM="FORMATTED")

READ(7+2) SCALE

READN(7»2) SCALE

CLOSE(UNIT=7)

00 305 IJK=1,2%5

FLACE(IJK)=1

CALL FRAMEW{SCALEyXArYAsSTEF)

DO 350 IJK =1,NUCTR

. RTEC=FLOT(IJK,G)

IFIV=IFLOT(IJK»1)
CALL LOAD(IJK»EF»CFyFFsNFyNBFC,OLDy
PT/NPT)

IF (IPIV .EQ. 2) GO TC 210
AC1)=PLOT(IJK, 1)’

A(2)=PLOT(IJK,2)

GO TO 315

AC1)=FLOT(IJK»3)

A(2)=FLOT (IJKs4)

CALL TRANSLCA(1)sAL2))

CALL ROTATE(RTECsRTEC)

CALL DWCTRO(XAsYAyBF yNFsFFsPTyNPTsAy IFIV,RTEC, IFES
READ(854) NEL

DO 340 ILL=1,NEL

READ(8,S) TY,»TNsLEL

IF (IFIV .EQ. 2) GO TO 32

READ (8,8) XrYsR

READ (8,8) Z

GO TO 325

READ (8,8) Z

READ (8r6) XsY,R

READ (8+¢7) (PARCILF)ILM=1,10)

CALL TRANSL(A(1),A(2))

CALL ROTATE(RTEC,RTEC)

CALL RDRAWDCXAsYAsTYyTNsXsYsRyFARYLELs STHCH)
CONTINUE

CONTINUE

CALL DWALLSO(XAsYAsWALLSsNCORN; BCORN)
READ (%,1)IDS

CLOSE (UNIT=8)

G0 TO 50

CALL HDGA(FHyNFAC:FGM)

IFH=1

CALL TRISFAC

FRINT X~ TEMFLATES"
CALL DUSFAC

FRINT %, SCLECT OPTION &AND PRESS <RET>:’
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CaLL DUSFaC

FRINT %»° 1.

FRINT X5 2. PLANFRINT MACHINE TEMPL
FRINT Xy’ Z. RETURN TO OUTFUT MERU’
READ %y IOFT

TY = IOFT

IF (IOFT .EQ. 1) GO TO 425
IF (IOFT .EQ. 2) GO TO 450
Go TO SO

CALL MENUACIFH)

READ %y TN

IF (TN +ER. 1) GO TQ 424

IF(TN .EQ. 2) CALL RECTA(FARsLEL)
IF(TN .EQ. 3) CALL DRECTA(FARyLEL?

GO TO S00
CALL SQUAREACFARsLEL)
GO TC 300

CALL MENUBRCIFH)
READ %y TN
GO TO Soo

*H

<%
e 1l

o U bH
[ola]

R=0.0

SCALE = 1

CALL FRAMEW(SCALEyXAyYAsSTCFR)

CALL RORAWOCKA» YA TY s TNy Xs Y rRsFARyLDL» SINCH?
CaLL FSFAC

CALL TRISFAC

FRINT %-LEL

FRINT % INFUT ANY DIGIT TO CLEAR DIGPLAY”
READ %y IJK

GO TO 400

CalLl. CMOPEN
CAaLL GRETOF
END

GENERAL SHAFE TEMFLATE

ATE

4
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FLAG Subroutines

SUBROUTINE LORDER(XAsYAsEsNrAySeT
REAL N{Ay4) yEBI{3)vA(T)

REAL F(Z2,3

CALL CMOFEN

CALL VWFORT(39.0s130.G+30.0+1C0.C)
CALL WINDOW(O.0+XArO.0yYVA)

CORNER ONE  (NW)

IF (N(1s1) .EQ. 1.0 GO TO 10
CALL MOVEC(E(4)sR(L))

GO TO 20

CALL MOVE(N(2s1)sN(3r1))

CALL DRAW(N(Z2y1)yB(1))

CORNER TWO (NE?

IF(N(1+2) .EG. 1.,0) GO TO 3¢
CALL DRAWIRC(ZI I (1)

GO TO 40

CALL DRAWCNC(Z2:-27 L0130

CALL DRAWINCZ,Z), NS+ 207
CALL DRARCECS) o+ N(IZ0 )

CORNER THREL LTS

IF (R(1:37 +EG. 1.0: B9
CALL DRAWIR{IL/EC2):

GO TO &G

CALL DRAWCBCI) e NCI32)
Cakl DRAWINIZ2:3Y o NS &
CALL DRAGWIMI2,3) sBC2)

-4
o
4
L4 )

CORNER FOUR (CW)

IF (Nt1y43 JEQ. 1.8 BB F3 79
CALL DRAW(ERC(4) yL{(20)

G0 TO 80

CALL DRAWINC(R2»4),D(205

CALL DRAWINCZ S3yN(Ze42 2

CALL DRAWIRCA) #N(Z:42)

CLOSING THE ZORDEN
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IF (N(1ls1) +EQ. 1.0) GO TO 2C
CALL DRAWCEC(4)yI:C(1))

GO TO 100

CALL DRAWCEC(4)»N(3y1))

CALL DRAWIN(Z2y1) N3y 12)

DASGHLINE

CALL DACHFPT(3:

CALL MOVE{(R(4),E(12)
CALL DRAWCE(Z)fE{1D)
CALL DRAWCE(3Y EL(Z))
CALL DRAWIDR(A) B2
CALL DRAWI(RBC(4)sE(12)
CAaLL DASHFTIO)

FOINTS

IF ¢(P¢1:1) +EQ. 0.Q) GO TO Z€O
AN=1.0

CALL CROSS(F(1:+2),F 11,30 sAl:
IF (F(1s2) +EQs 0.0) GO TO Zid
AN=2 .

CALL CROSS(P(Zs2) P (2930 AN

CALCULATE FULLEBLOCK AREA

ZW=R(1)-0(2)
ZL=RB(I)~E(4}
CALL RAREACZWZLS2ZH0)

ACD)=Z
SURTRACT NOTCH AREAS

IF (N{1s1) .EQG. 0.0) GO TO 110
ZW=RB(1)-N(3s17

ZL=N(221)~B(4)

CALL EBAREAC(ZIW:ZLsSyZAD
N(4s1)=ZA

GO TO 113

N(3e12=0,0

N(4y1)=0.,0

N(Zy12=0.,0

IF(NLL»2) JEQG. 0.0) GD TO 126€
ZW =BO1)Y-N(3»2)

ZL =B{3)~-N(2:2

CALL BAREACZIW,ZLySrZa0

N4 D=2

GO TO 12F5

N{Ay2)=0.0
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H(Z»2)=0.0

N{Zy2)=0.0

IF (N(1+3) .EQ. 0.0) GO TO 130
ZW=N(3y3I)-EL22

ZL=B(3)-N(2+3)

CALL BARCA(ZWyZLsSyZA)

N(4s3)=ZA '

GO TO 139

N(4y3)=0.0C

N(3:2)=0.0

N(2y3)=0.0

IF (NC(1,4) .EQ. 0.0) GO TO 140
ZUW=N(Z»4)-B(2)

ZL=N(2+4)-EB(4)

CaALL RAREA(ZIW ZLySyvZA)D

N(4r4)=ZA

GO TO 1435

N(4,42=0.0

N(3:4)=0.0

N(2s4)=0.,0

D0 150 JRKJ = 154
AC2)=/2) N4y JRJD

CALL CHMCLOS

RETURN

END

SUBROUTINE COST(FLACC,FLOT+CSTIT)
REAL: PLOT (2352 yFTL252,25)

INTEGER FLACE(2T)

REAL INDISTyINDISTX.INIISTY,INCOST
CaT=0

DO 100 IFIR=1,20.

D0 S0 ISEC=1:20

IF (FLGACECIFIRY JEQ. €3 GO TO 100
IF (FT¢(IFIR.ISEC) .EQ. ¢.0)} GO TO SC
INDISTX=ABS(FLOT(IFIRyZ)-FLOTC(ISEC, L2082
INDISTY=ARS(FLOT{IFIRy4)~FLOT(ISEC,2) )il
INDIST=SQRT{INDISTX » INDISTY. ,JGOLT7710C20
INCOST=INDIGTR(FT(IFIRyISCC)/12.0)
CST=COT+INCRSET

CONTINUE

CONTINUL

RETURN

END

SUBROUTINE FRAME{CCREFyX& s YA STER
INTEGER SCRET

CALL CHMOFEN

CaLL NEWFAG

XA=130.085CRET

YAa=100.0x3CNET

CALL VWFDRT(Z7.C, 430.0+38.0-183:C5
CALL WINDOWIGWC XAy O Co Vi
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CALL MOVE(QO.Cy0O.{0

CaLl DRAWCO.OyYA)

CALL DRAW(XAYA)

CALL DRAW(XAYC.O)

CALL DRAWIO.0r0.0)

CALL DASHFT(9)
STEF=25.,0+(25.0%8CRLCT?
YLIN=0.0

YLIN=YLIN+STEF

IF (YLIN .GE. YA) GO TO
CalLL MOVE(O.OsYLIN)
CALL DRAWCXA» YLIN)

GO TO 10

XLIN=0.0

KLIN=XLIN+STEF

IF (XLIN .GE. X&) GO TO
CALL MOVEC(XLINyO.O)
CALL DRAWCXLINs YA

GO TO 30

CALL DASHFT(G?

IF (SCREF .LT. &) REF =
IF (SCREF .GE. &) REF =
AXE = .03 % XA

AYE = .03 X YA

AYF = AYE + REF

AXM = .01 % X

AYM = 01 % Y&

CaLL MOVE(AXE»AYE)
CaLL IRAWAXEAYE)
CaLL MOVEC(AXMyAYH
CaLL TXaM

CALL TEXT{1»"R"2
Call CMCLOS
RETURN

END

20
40
120.0 % .38B7L77160C8
300.0 x ,3TB707714650

SUBROUTINE FRAMEACSCRIF v XAy VA« STERD

INTEGER SCRET
CaLL TOF
FRINT #%» AXIS RANGES !’
FPRINT %

FRINT % X AXIEL’
FORMAT (ZXy ”

0,0 TO v1XyFéal)

FORMAT(3X» " INCREMENTE v 1XsF3.1)

FRINT Ss XA

FRINT %+ Y AXISt’
PRINT S, YA

FRINT %

FRINT % DOTTED LINE
FRINT &» STCF

FRINT %

FRINT 7+SCREF
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FORMAT(IXy "SCALLC NO.§ " 21X, 12)

FRINT X
IF (SCREF GE., &) GO TO 10
FRINT €

8 FORMAT(3X+ ‘R LINE = 10 FT.")
G0 TO 99

10 FRINT 9

@ FORMATC(IXy 'R OLINE = 28 FT.")
8 RETURMN

END
SUBROUTINE FRAMEWCSCRIDN y X VA STER S
INTEGER SCREF
caLL CMOFEN
CAalL NEWPAG
¥5=130.0%8CREF
Yi=100.0%5CREF
CALL VWFDRT(0.0+130.C¢CG 0o 100G
CAHLL WINDOWC(O.O0¢Xts 0405 V00D
CaLL MOVE(CC.0:+0:0)
CALL DRAW(C.C»YA)
CALL DRAWCXA»YVA)
CalLl DRAW(XA»Q.0)
CAaLL DRAWCO .0y 0.0
STERP=25.0+(25 . QRSCRER
CAalLL CMCLOS
RETURN
ENTI

RTYFE~W=OFENINy error orening DISKDCCILCEROL&CIIIMIAL

~RMES~E-FNFs Tile nol fowuru
SUBROUTINE LIST(NWCTRy NMWTRyFLACE:
INTEGER PLACLE(2S)
CHARACTEDR %185 NMWTR(23)

1 FORMAT(IO0Xy "WORKCCNTER LICSTIRG?
3 FORMAT(27%y X = WORKCIONTLR IS PLACCL
3 FORMAT(1X T2 o “w1IXyALD, 3y "X 73
14 FORMATCIX#I2: ‘. " v1Xr&1E)
i FORMAT(2ZX» Iy " "»ALT+ 30y "H7)
S FORMAT(Z?2XyIZ2v 7. "vALD)
FRINT ¥
FRINT 1
FRINT
PRINT 2
CaLL nusrac
00 10C KAE=1,20
IF (KAER GT. NWCTR) GO TO 300
IF (PLACECKAERY? +CQ. 1) GO 70O T0
FRINT 14AE MMUTR (AT
50 TO 160
Z0 PREINT 3+RATSHMWTR IRAL)
Ui CONTINUL

- boagn gy g -~ rs :
IF CNWUTR <LE» 2% B0 T2 338
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Calkl TOF

CALL TRISPAC

cCALL TUSFAC

g 200 EAB=21sNWCTR

IF (PLACE(KAL) «ERQ. 1) GO TC 41S¢
FRINT &eRARyNMWTRORALS

GO TO 204

FRIMT TDyKAEHMWTRORALR
CONTINUE

RETURN

CHD

SUZROUTINEG HMENUAIFGH)
CHARACTER £ 20 EnNaM{i4)

INTCGER FPGM

Canl GMOPEN

FORMAT (TRe Tl " o " X 0200
FORMATCLIXs ™ "2

EMNAM{LY = "SBRUARL

ENAMLCDS ‘RECTANCLE"

ENAITLZ) "TOUEBLE RECTaMELE!
ENAMC4S) CIRCLE”

IF (FGM EQs 4: 0O TO 1&

ChaLl CLEAR

PETNT 15

CaLL TRISF&EC

0o 20 Kiv = 1¢4%

FRINT 21 KEsENAWMCER?

CaLL DUSPac

FRTHT %" SCLOCT THE TESIRELD TE
FRINT ki’ Al PREST SRETURN .’
GO TO 5O
OFMENTUNIT=10sFILES FLABCLC +UAT " « THFE= "HEW
NISPr=/KEEM s FORM="FCRMATTED "2
FORMAT 103, "EENERAL 'SHAPE TCHFLATEEZ ")
WRITE 3oy 152

WRITE 1€y 1423

WRIT G Ldd

g 3¢ KK =1:9

WRITE (10:217 RINyEMERMIRIS

WRITE (16483

WRITE (10s15)

CLOEBECUNIT=10;

Chll CHCLOS

RETURNM

END

SUEBROUTINE MENUE(FGM)

INTEGER PG

CHARACTER & 1 ZT

CHARACTER ® 207 ECNAME (400
FORMAT (14X T MCHINE TEHPLATES ")

FARMATOLRy T2 7, 7, SR 208

1

i

I

vy A

PR
TEMTLAT
Ll

AT T

C MUMEBEIR
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* FORMAT(SH »TI25 7o/ » 24y 425

3 FORMATC(1Xs " ")

4 FORMAT (1XyA7
ENAMRB(1)="FUNCH FRESS ZITN'
ENAME(2)="FUNCH FRESE 40TN’
ENAME(Z)="FUNCH FRESS 4TTN’
ENAMEB(4)="FUNCH FRESS 7ZTh’
ENAME(T)="FUNCH FRESS 2CTH’
ENAMECSY="FTUNCH FPRECS 11CTH
ENAME (7)=7AUTOMATIC LATHE
ENAME(S) = LATHL'
ENAME(?)="BENCH LATHE’
ENAMEB(10)="ENG. LATHE’
ENAMEC(LL )= TURRET LA&ATHES
ENAMECL20="CHEAR’

IF (FGM .EQ+. 4) GO TO ZG
Call CLEAR
FRINT 1C
CALL DUSFAC
DO 20 KK = 1,12°
FRINT 12yKKsENAMBIKID
20 CONTINUE
CALL IDUSFA&C

PRINT @y "SCLECT THE DESIRED TEMPLATE NRUMDER’

PRINT %v? AND PRESS “RCTURNE
GO TO S0

245 OFENCUNIT=10yFILE="FLAGOLC . LAT » T¥IME="OLL
1 DISP='KEEF’»FORM='FCRMATTELD ")
DO 26 KK = 149
24 READC10+14) ZZ
WRITE (10+10)
WRITE «(10:13>
WRITE «10:133
D0 28 KE =147
28 WRITE (10+11)1EEHAMEIRR)
CLOSE(UNIT=19)
50 RETURN
EMD
SUEBROUTINE OFTIONZ(NOFT
i FORMATCIL)
CALL FSF&C
FRINT % 2ELECT SPFTION &NE FRESS RETURW
PRINT ®¢7 1+ SHIFT?

FRINT %57 2, ROTATE”
FRINT X’ J« POINTE”
FRINT #y B LIET
CaLL TOF

CALL FSPAC
PRINT %
FRINT %, RANITHNE

PRINT %5 G fRFGE

1
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ST oy P Ii:ST:EKﬁZE Pl =
FRINT %y B+ HCCEPT "
REAT} (mel) NOPT
FETURN
EMT!
SUBROUTINE RCOST(RNET)
caLL ToF
ne 10 ITIR=1y13
FRINT &
COMTIMUE
FRINT ?
FRINT 11«RBNCT
FORMATC(SX«F10.2)
FORMAT(SX« "NET CCST "2
HETURM
ZHD
SUEROUTINE ROIEFTPLACE yHRCTR o IML3T . IPLOTw Wé e Veas IMED
REAL PLOT(2GwT) »ACKSY v DMELS s 37 2 ETCLEFTY
REAL PFEC22 20 oNFC(25 42050 o
INTECER FLACE(2T) »IFLOTAZT. R
INTEGER NEFOGCZ)Y yPTCLR2 NI
ng S0 Kéad = 1y NWCETR
IF ¢FLACE(KAAY .EQ. OF GOL TO 26
MTEC = PLOT(KAAIT?
FIVC = IPLOTCIRAAYL)
IF (PIVC .EQ. 2) B0 TO 1T
ACCLY = PLOTORA&A L)
ACC2) = FPLOT(KAAY 2D
GD TO 20
ACCLY = PLOT(RAGY T
ACL2Y = PLOTC(RAAY A2
CALL LOAD(KAABFC LI o IFCoNFEy L OC
LOCyPTEeNFTC
Call DHCTROXASYASTICyNICe P TEy T TC e AC ¢ PINVD L NTES, 270
CONTIRNUE
RETURN
i

I AT T R PN ALY A A N A WNEL WAL s NPT LI ek T IR LI b s s A
..)U.I\'C: {J.H-.. ‘\II-!I'\‘l'lb\!(l'\I“IX Pl d |r-p Ty AR # ..\-i"-..-,u G e vk 3 -_rIi-\.-n-

|
INTEGER TYRy THR
RE®L MARROLE)
CHARGCTER 213 LBELR

IF {TVR +EQ« 23 0O TG Lol
IF (TNR +EQ. 1) GO TC 1i8
IF ¢TNR .EQ, 27 GO TO 129
IF {TRR +EGs 3J) GC TC L3I0
IF (THR JEQ. 4 CO TD 143
IF CTHR JEQ. 73 B0 TO 2¢s
I TMR «EQ. 13 GO TO 261
TOTHR LER. 123 00 70 282
I TTHR <EQ: 43 60 TI 247
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CON CHAFD TEWMFG DAl

CaLL GQUARﬁ(YﬁvYﬁ!aRv\rvﬁﬁs.anrLELﬂ;SINCH}
CHLL KEC*:XﬂvYﬁfn11YR9ER&P&RRvLELRfSINCHJ
GO T 9299

CaLL DRECT (XA VA MRy YRyRRy PARRy LELROINEN
50 TO Y99

G TQ 79%

CALL AULTHOX A YAy XRy YRy Ry FARTy LELR » STNCH)
G T o9e

CALL FPIDTN OGSy Yay XRe YR REy MEARR LELR » STNCHD
GO TO 799

Call SHEARCRA VE VAR VRyRNyPARR yLELR v SINCH
GO TO 999

CALL Pr7TaTHIXS VAy ARy YRy RRy FARR LR STHTH
G TR YeP

PETLM\H'

ENI

SUBROUTIRG ROEANO COA Y& » TY R TR Xl SRy REyPaRR s LOLTR STHCH.

INTEGER TYR2THR

RE&L PARRLLES

CHARACTER %10 LELR

IF ©TWR ~EQs 2) BC TH 100
IF (THR +EG. 1Y GO TD 110
IF Tt EQ. 27 GO TO 12¢
IF (THR .EQ. 3) CO TO 1I0
IF (THR JEQ. 4) GO TO iaf
IT (THR JEQ. 7)Y 80 TO 249
Ir (THR «Ed. 13 60 7O 241
IF ¢TNR JEQ. 123 g8 T8 242
IF (THR JEQ. 4 G0 TO 2432

CEN SHAFE TEHMME DrRaun

CAll DRUAREOCRA YR o R VI RE s Paler  LRLT SIREIS
P‘G "‘ "3 \F\
)

CALL I”TTC{K&.Yﬁ:XﬂxYR:RRvPBRR;LELEySIH“H:
GO TO Bee

Cl"lLL BIRECTO( N Wi, nﬂ ¥ b R ¥ r\l" L& lur\.\.)' [ ‘..n 2 t 5 \.»IH':::}
GO TO 299

g8 TQ 799

CI";';..[-. n".UL'T. I:: : ;’:l gl l’ ‘ | I ¥ f\r\ ¥ "-'R' B F.'r\' ¥ r'.’.r{-'\' ¥ LULK ¥ :I:‘\‘Cl: 7
E‘D "'G f'\"‘\f'\

ChLl Pr22TNOOXA s Yae MRy YRy RR sy FARR »LELRy STRCIS
gh TO 782

ooy S A ey Lo
Soll BHEARDOCE o VA KR e Vs REyPARR s LEL SIS
MY R e

A e LI W LI

Sr 1 o e R T " -

(ST S n»t._.lu..‘-..u-.|.|b’(\r~.|r\"|\n\l‘|lnr -...:....:\.a::xi'[
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GO TO 9292

RECTURH

END

SUEBROUTINE TITLE
CaLL CMOFEN

CALL TXAM

CaLL FIVOT(6S.0+50.0)
CALL MEWFAG

Call EBELL

CALL MOVE(SS+0:30.02
CALL DRAW{(ES.0+30.02
CaLL MOVE(QT 023046
CaLL DRAW(25.C+30.0:
CALL MOVE(SC.0+60.00
CALL IRAWCZO.0+8C 07
CaLL MOVE({25.0:40.07
CALL DRAWI(Z0.024C.0;
CaLL MOVECZ20.0s30.03
CALL DRAW(10.0yA0.0C)
CALL MOVE(40.0+70.:83
CALL IRAWLS0Q.0,.70.0)
Coll MOVECBO.Cy»I0.02
CALL IRAW(20.,0:30.8C3
CaALL MOVE<{SC.0+30.,Q)
CALL DRAWCAC .0+ TG00
CALL MOVE(ST.09E8L.00
CALL IRAW(ET.0sGC 0D
CALL MOVE(10T5.0:40.0)
Call DRAW(110.0,T5C.0:
CALL MOVE(2T.0+50.0)
cCAaLL DRAW(25.0:40.0)
CALL. MOVE(2T«0»ZT007
CaLl DRAW(2S5,.0+4C.02
CALL MOVE(40.0:70.2:
CALL DRAWCAC.0,80.0:
Call DRAWCS0.0480.07
CALL MOVE(2C.CyT0.,07
CALL DRAWC1IC.0»42.C!
Call. DRAW(1CG.0,50. 00
Cakl MOVE(102.C»T5:00
CALL TRAWCL00.,0:-30403
Chlll. MOVE(SQ.0Cy&0.Co
CALL DRAW(B0O.Cy70.3)
CALL MOVE(SS.0+60,.02
CALL DRAWIGTD Oy &0 CY
CALL HMOVE(ES.0958:0 )
CaLL DRAW(ST.D+50.

AL L ﬁO“E'SS.CVﬁv.-;
CALL DRAW(ZE.C+40.C
CALL MOVEL7G,0,50.07

bk e R e
CaLll DRERESTE 0 T8,

>
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CALL MOVE{302.047C.C)
CALL DIRAWCS0.0+&0,00
CALL MOVE(110.0+30.0)
CALL DRAW(110.0+50.03
CALL MOVE(?S5.0+SC.C)
CALL DRAWC(T S.Ovzo.v)
CALL MOVE(80.0,40.0
CALL IRAW(T0.0+40.0)
gALL MOVE(ETZ.Cy80.0)
CaLlL DRAWC QS.OVEJG.O)
CALL MOVE(ZS.0+30.0)
CalLl DRAWC2S.0,50.0)
CALL MOVE(ST.0+30.0)
CALL DRAWCSES.0y30.0)
CALL MOVE(BT.0+350.,0)
CALL DRAW(STS.0+30.0)
CALL MOVE(ST.0+40.0)
CALL DRAW(STS.C:70.0)
CALL MOVE{S535.0+80.C)
CALL DRAW(ST.0s70.C)
CalLL MOVE(3S.0+30.0)
CALL DRAW(ZS.0+30.0)
CALL MOVE(70.0¢30.0)
CALL DRAW(Z70.0+30.0)
CaLL MOVE(40,0+40.00
CALL DRAWCAC.0»70.0)
CalLL MOVE(SO,Cy70.0)
CALL DRAW(SC.0»30.0)
call MOVE(ZQ0+0» 3040}
Call DRAWCZ0,09704+0%
CquL HUUE. 1COC!.JO'-.;)
CALL DRAWCLO.O0yA0.8
CALL MOVE (45.0.54 .00
CALL DRAW{ATD,0+20.0)
CALL MOVE(10S.0+40.8)
CalLl DRAW(10C.CS50,.00
CALL MOVE{(110.0,30.02
CALL DRAW(L11IC.C.50.C7
Calll MOVE(BC.0s30.0)
CALL DRAW{(BO.0+70.0:
Call. BELL

CaLL EBEL

Call MOVE(S0.0585+00
CALL TEXTC(L1:°A7)

CALL RBELL

CaLLl MOVE(S1.0,20.00
CALL TEXT(210s ' PRODUCTLOWN™
CaLl DRELL

CaLll. RBELL

CALL HOVEDCs D00
CaLL CHCLOS
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RETURN

END

SUEBROUTINE WALL
CALL CMOFPEN

CALL TRIDNT(.TRUE.?
CALL MOVE(SC.Qs30C.0)
CALL DRAW(S0.0»70.0)
CALL DRAW(B8D.0+70.0)
CALL DRAW(S0.0r50.0)
CALL DRAW(S0.0+30.0}
CALL MOVE(&E5.0:73.0)
CALL TXAM

CALL TEXT(Sy "NORTH?
CALL MOVE(47.0:60.C2
CALL TXAM

CALL TEXT{(4,’'WEST”")
CalLl MOVE(83.0960.0)
CALL TX&M

CALL TEXT(«s EAST”)
CaLL MOVE(&S.0+47.0)
CALL TXaAM

CALL TEXT(Ss  SOUTH")
CaLL HOME

CALL CMCLOS

D0 10 KKI = 1+20
FRINT %

FRINT &y’ 1. NORTH’
FRINT %¢’ 2, S0OUTH"
FRINT %y ° 3. CAGTY

FPRINT s 4. WEST”

RETURN

END

SUERDOUTINLC AULTHORAVAy XD VIy ROy PARD LOLT . L

REAL FARDZ?I10)

RCAL BOR

REAL XA YAy XDeYDyRDyC

FREAL XAAs XAl RAC AL YAAYy VAR VAL
REAL XD YDA

EHARACTER % 10 LELD

Cal.l. CHMOFLCN

CALL QWPORTL{39+0:13C.C930+09102.0)
CALL WINDOWCO.C»¥aaC0sYA)
LELD="AUTO LATHE"

CALL TRANSL XDy YD)

CALL PIVOT(0.0+C.C)

CALL ROTATE(RIyRI:}

RFD=340.0-RD

XAA=-346.0%C

AAL=36.0%C

HAC=-7 . 2%0

Anll=-146,0%0
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Yah=~31,.5%0
Wab=Z1.,3%0
YAC=38,7%6
KDA=XDE-1.0
YOh=YI%-1.0

CaLL MOVE(XaasVah?
CAaLL DRAWCXAA:YALRD
CALL DRAWCKARyYAL:S
CALL DRAWIXARyYARD
Call DRAWCKA&YAH)
CaLl MOVE(KACY YAR)
CALL DRAW(XAC:TAC:
CaLL DRAWCKAD YAC:
CALL DRAWCXAD YAL)
EQR=48.C0%0C
FaRDCZ)=YL+EOR
FARD(Z)=YL~LCR

FARD () =XI+BOR
FARTIC10)=XD~E0OR
CALL ROTATECRPDsRIPLDD
CAalLlL TRIDNT(.FALSC.?
CALL CMCLOS

RETURN

END

SUBROUTINE AULTHOCKAy YAy XD YD ROy PART LELDVG)
REAL FARDC1G)

REAL EOR

REAL X&y Y& XD YDyRO-0
REAL R&ads XAR e XAD e XATL YA&A s VAR YAC
REAL XDy YDA
CHARACTER % 10 LDRLD
CALL CHMOMEM
LELD="AUTO LATHE’
Call TRANSL XDy VI
Call PIVOTCC « 05 §. 8%
CaLll ROTA&TE(RLsRD)
RFD=340.0—-RD

KAEm= 380 O
ANEH3EH 0006
AAL==7 . 20
Aal=-14,8%3C
Yia==I1 « 5k
Yak=31,5%0
YAE=Z8 . 7wk
XDA=XOm=1,0
VOd=YIne-1 .0

EALL MOVE{XAGsYAA)
CaLL DRAWCGWA 2 VAL
CALL DRAWIKAR»YOE)D
CALL TRA&W LA sV A/
CaLl DR&WIES VSN
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CALL MOVE(XACyYADR)
CALL DRAWC(XAC,YAC)
CALL DRAWCXADyYAC)
CALL DRAWCXAD:YAE)
BOR=48.0%0
FARDC(7) =YD+ EOR
FARD(8)=YD-LOR
FARD(?)=XD+EOR
FARD(10)=XD~E0OR
CaLL ROTATEC(RFD,RFD)
CALL TRIDNT{(.FALSE.)
CaLL CMCLOS
RETURNM
END
SUBROUTINE DRECT(XA:YAsXDsYOyRIyFARDyLELI»S)
CHARACTER % 1C LELD
REAL PARDC(10)
CalLL CMOFEN
CALL VWPORT(39.0,130.0+30.C+10C.0C)
CALL WINDOW(O.0yXAyQO.0vYVA)
CALL TRANSL (XDyYID
CALL FIVOT(0.0+0.0)
CALL ROTATEC(RD,RIN
WH=FARD(1) % .5 X5
RL=FARD(2) % ©
WIH=FPARD(3) % .
RIL=FARD(4) % ©
WHN=WHM-1 .0
RLN=RL%~1.0
WIHN=WIH:-1.0
CALL MOVELO«Q0+0403
CALL IRAWIC.CvWHILS
CALL DRAEMIRLNyWHND
CALL DRAWC(RLHNyWH)
CaLLl DRAWCC.OyWH:
CALL DRAW(C.0+0.07
CALL DRAWCO.OyWIHH
CALL DRAWCRIL  WIHN
CALL DRAWCRILyWIH)
CALL DRAWCO.OyWIHD
CAall TRAW(G.Cr0.G)
CaLl CHARK(O.0+0,C)
FRA=WHERZ 04 RLENS .
FPE=WIMREZ, O4RLI%EZ.0
FR = SAGRTIFFA)
PFC=SART(FFE)}
IF (FPFE «OTe FRY BR = I'PC
PAERDC 7Y =YD4+PR
FARD{3)=YD~FR
PARD T ) =XDIPH

FARDILC;=RkD- MR

O %8
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CALL TRIDNT(.FALTSE.?
CALL CMCLOS

RETURN

END

SUBROUTINE DRECTAC(PARDyLELLS
CHARACTER x 10 LELID
REAL PARD(10)
FORMAT(ALD)

KLFP=1

CALL CLEAR

FRINT %y 'GENERAL TEMFLATE: RECTANCLL-
CX=65,0

CY=50.0C

CALL CMOFEN

CALL VWFORT(C.0s130.0550.C»1C0.C)
CALL WINDOW(C,0»,130.0+0.,0,10C.0)
CaLL CMARKR{CXyCY)
CALL MOVE(AQ.y320.)
CALL DRAWCZ0.570.0"
CALL DRAWCETS .y 7040
CALL DRAWI&ET.v3C4)
CALL DRAWCA0.,20.7
CALL MOVE(&S,280.)
CALL DRAW(PS.,£0.)
CALL DRAW(SS.»40.2
CALL DRAWCES ., 40,0
CALL MOVE(Z0.,y30.)
CALL DRAW(ZSS.v+30.)
CALL MOVE(33.5:320.)
CALL DRAW(I3.5+47.)
CALL MOVE(3Z.5,03.)
CaALL DRAMW(ZZ.Gy70.3
CALL MOUVE(30.C»70.0)
CALL DRAW(ZE,.0+70.07
CALL MOVE(40.,,20.7
CALL DRAW(AC.y20.7
CALL DRAW(AE,Ty22.59)
CALL MOVE(Z&.S9922.5
CALL DRAW(SS5.y22.50
CALL MOVE(&T.»20.)
CALL DRAWCSET. 2340
CALL MOVE(&ET.»30.
CALL DRAW(ET.»35.)
CALL MOVE(&TG.»33.8)
CALL DRAW(7&4.5y33.00
CALL MOVE(83.5,33.3°
CALL DRAW(TS.0y33.00
CALL MOVE(23.0+,30.C)
CALL DRAW(?T.y35.)
CAaLL MOVE{180.:4C.)
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CALL DRAWC10T.+40.)
CaLl MOVE(102.5x40.)
CALL DRAWC102.5¢474)
CALL MOVE(102.5+53.)
CALL DRAW(10Z.5,40.)
CAaLL MOVE(100.,:460.)
CALL DRAWC1IO0T.9860.0
CALL MOVE(3Z2.5+47+3)
CaLL TxaM

CALL TEXT(2s W13

CAaLL MOVE(AB.S.21.2
CALL TXAM

CALL TEXT(2s7L1‘)

CALL MOVE(Z27.v31.)
CALL TXaM

CALL TEXT{Z» L2*)

CaALL MOVE{(101.y38.)
CallL TXaAM

CALL TEXT(Z2s°W27)

CALL MOVE{42.#48.)
CALL TXaAH

Cabkl TEXT(7»*BEET. 17}
CALL MOVE(&7.:48.)
CALL TXAM

CALL TEXT(72"RECT: 2°)
CALL MOVE(Q.0:30.07
Akl EMeLDS

IF (HLP JEQ« 2% BB TO LTO
FRINT %

FRINT &

FRINT X 7INPUT IM INCHES WIDTH OF RECTENGLE i
READ SyFPARDCL)

FRINT X

e
ra

FRINT % “INPUT IN INCHIS LENGHT GF RECTAMCLE 2. 1LiD7

READ %»PARD(D)
KLF=2

GO TO 50

FRINT X

PRINT ¥

PRINT %, “INFUT IN INCHES WIDTH OF RECTANGLE 2, (W23
READ ¥»FARD(Z)

PRINT

PRINT ¥» INFUT IN INCHES LENGHT OF RECTANGLE 2, (L2}
READ % FARD(4)

PRINT #*

PRINT ¥»’INFUT TEMFLATE LABEL’

READ (%y1) LBLD

CALL CLEAR

RETURN
alf i o]

SUTROUTINE DRECTO(XNA« VAL RI VI RDs FARD, LSLLE, 30
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CHARACTER % 1C¢ LILD
REAL FPARDC1C)

CALL CHOFEN

CALL TRANSLIXDsYD)

CaLll FIVOT(D:.040.C°

CALL ROTATEC(RDyRD)
WH=FARDCL)Y * O %8
RL=FARD{Z2) & S
WIH=FARD(Z) % .5 %O
RIL=FARDI(4Y W% &
WHN=WH%-1.0

RLN=RLa-L1.0C
WIHMN=WIKH%-1.0C

CALL MOVE(O.0+0.0)

CALL DRAWCO Oy WHND

CALL DRAWRLNyWHND

CaLL DRAWIRLHN WIS

CALL DRAW(O.O0sWH

CALL DRAW(O.C»0.02

CALL DRAWCO.OyWIHN)

CALL DRAWCRILyWIHN?

CALL DRAWCRILyWIHD

CALL DRAWCO.OyWIH)

CALL DRAW(C.0+0.0)
FRA=WHXX2,0+RLAN2.,
FPE=WUIHX®2.04RLI¥%2.0
FR = SAQRT(IFA)

FPC=SQRT (FFE?}

IF (PFC +GT. FR) PR = FFC
FPARDC 2y =Y T4 PR
FAaRDCE)=YD-PR
FART ) =KDt FPR
FARDCLQ )= XTI~

CALL TRIDNT(.FALSE., )
Enkl CMCLOS

RETURN

END

SUEBRDUTINE PFPZZTNCRAs»YVAsXDy YO RL; FARTyLDLDL T
EESL PARDC1IGD

REAGL EOR

ROAL XAeYA XD YDy IO
CHARACTER & L0 LILD
CALL ChHorLM

CALL WUPDRT(I2 01 30.8930.0+180 &)
Cabl WINDOWCG 0w XBeC Q0 Vs
LELP=*22TN FRESS”
F=0%48.0

PLUZB { 4288 %204 (4 OTTHRT S
BOR=SORT(FLUS)

BOR = EOR 3% P

Coble TRAIGL LD
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CALL PIVOT(C «CoQeO)
CALL ROTATC(RD RO
XAA=— 3204

XAR=-, 4253

AAC==, Q25%F
XAah=,075%F

XAE=: 175%F
RaF=.275%F
XAG=,A2T%F

HXAH=, 125%F
YAl=41%F

Kad=,2%F

Y&A=-~, JTNM
YAR=—,05%[
YAC= . 25%F

YAall=. 45%F
YAE=.37%F
YaF=,3%F

YAG=~+ 2%F
YAH=-,335%F
YAL=—.575%F
YAJd=~,25%F
YAR= . S79%F

CALL MOVECXAALYAA)
CaLL DRAW(XAAYYAD)
CALL DRaMW(XADyYAL)
CALL DRAWCCXALyYAC)
CALL DRAWCK&EAYYAD)
CaLl DRAWCKAAN: YAD)
CALL DRAWCKACy YATD
CALL DRAWCXAC» YAE)
CaLL DRARIKA&AH VAL
CALL MOVE(XACsYA&L)
CALL DRAWCHKACYVAF)
CALL DRAW{XADSYAF)
CaLL DRAWIXADyY&IND
CALL DRAWIHAE VAT
CaLL DRAWCIAT pYAE)
CaLL DRAWCKALVAED
ChLL HOVECRAE y YAE)
Call DRAWHAL VAL
CALL DRAWCKAFYAC)
CaALL DRaW(XAFyYAG:
CALL DRARIXAG»YAD)
CALL DRAWSAAGy YAH
CALL DRAVIX&FYAR?
CALL DRAWCIHAFYAL)
CALL DRAWCRANYADD
CalL DRAWCKAH: YA&G
CHlLl DRAWCRET ¢ YA

~a AN AR AT NAA § A
Catl URAW (AT« Vndl
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CALL DRAWCXAJYYAJ)
CALL DRAWKAJs YAA)
CALL DRAWCXAArYAA)
CALL MOVE(XAd»YAJ)
CALL DRAW(XACYYAJ)
CALL DRAW(XAC,YAA)
CALL MOVE (XAds YAD)
CALL DASHFT(Z)

CALL DRAW(XAAYYAK)
CALL DRAWCXATFyYAK)
CALL DRAW(XAFyYAC)
CALL DRAW(XAG:YAC)
CALL DRAWCXAG) YAH)
CALL DASHPT(O)

FARD (7)=YD4EOR
PARD (&) =YD-LOR
PARD(9) =XD4EOR
FARDIC10)=X[-EOR
CALL TRIDNT(.FALSE.)
CALL CMCLOS

RETURN

END

SUEROUTINE PP22TNDCXAYYA» XD, YDsRDyFARD, LELD, G
REAL FARD(10)

REAL DOR

REAL XA»YAsXDsYDsRO,G
CHARACTER #% 10 LBLD
CALL CMOFEN
LELD=/22TH PRESS”
F=GXAB. 0

BLUS={ » A2TRNDI - . T7 TR 2
EOR=SERT{FLLD:

EOR=EORMF

CaLL TRANSL (XD YL
CALL PIVOT(O.0xZ.02
CALL ROTATC(RD.RI:
XAds-~, S2THF

XhB=- , 425K

AP AN VYT
Y iC

v s an b el
Kl o Q7T
ABE= . LT758F
ROF= 27849
XNG= A2

YAM= . 125%F
XAIl=,.1%P
XAd=, 2%F
YAA=-,3THF
YAR=—, 09uF
YA, 284F
YAD=. ATKP

VAL=, 378"
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wl’l"_-" . -.r u

\IAG—

_yr

YAH=-,335%F

YAL=-

«S70%F

YAJ=-.23%P
YAR=,S75%F

caLL
CALL
cAaLL
CaLL
CALL
CALL
CaLL
CALL
CALL
CALL
CaLL
CaLL
CaLL
CaLL
caLL
CALL
CALL
CALL
CaLL
CaLL
CaLL
CaLL
CAaLL
CaLkbl
CALL
caLL
caLL
cAaLL
CALL
cALL
caLL
CaLL
ChaLL
CALL
call
Cakl
CaLL
caLL
CaLL
CaLL
caLL
caLLl

MOVE (XaAy VAA)
IRAWCLXAA VAL
ORAWCKXADy YALR)
DRAW(XAEy YAC)
DRAWCXAGY YAC)
DRAWCXAAYYALD)
DRAWCXACy YATD)
DRAW(XAC Y YALE)
DRAW{XAA YAL)D
MOVE(XACy YARE?
DRAWCXACy YAF )
DRAWCADy VAT )
DRAWC(KALy YADD
ORAW KAy YALDD
DRAW(XAEy YALD)
DRAWCXAD YALD)
MOVE (XAEs YALD)
DRAWCXAE Y YOAC)
DRAW AR » VAC)
DRAWCHAF « YAG)
DRhU(XﬁuvTﬁG)
DRAWCXAG YOED
DRAWCIAT  YAaLD
ﬂﬁnu(\ﬁFiiul‘
DRAWCRAH YL
DRAW CHXAR THAD
DRAWCKATL Y&
DRANCXAET (02
DFMJ \ll-_lyillun\
DRAW (XA Yad .
UF\HU a\unb Ilul¢
MEVE (KSR YA
rlrﬁ.J(;"L.' ||l;.|JI
DRAW AL YLD
MDUE\ (A YR
DASHFT (2]
ORAW COEAy YVAIRD
DRAWCKAF » VA0
ORAWCKAF s VACS
DRAWCXACy VALY
DRAWCAAG » YIS
DASHFT (0

PARDCZ ) =YD BOR

FaRD

(8)=YD-BOR

FARD{T) =314 DOR
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PARTC L0 =XT-EOR
CaLkL TRIDNTC(.FALEC.:
CALL CMCLOS

RETURN

END

SUEROUTINEG FI72TNCAy YA» XDy YDy ROy FPARD Y LEL

REAL FPARDC1O)

REAL EOR

REAL XArYAs AUy YDyRIHE
CH&RACTER ¢ 1C¢ LEBLE

CALL CMOPEN

CALL VWFDRT(Z%.0v130.0+30.0+100.0)
CALL WINDOW(O.0syXA+C.0rYA)
LELD="72TN FRESS”
P=GR48.0

PLEUES=( 625K K2)+4 .825%KK2)
BAOR=SQRT{FLLS)

BOR = BOR = P

CALL TRANSL(XDyYILD

Cat.l, FIVOT(0.0,0,0)

CALL ROTATEC(RDRLID
Ahh= . JORF

RAL=, S

KACs . &25%F

XAD=, 4P

KAE=.325%F

XAF ==, 273%F

XAG=~- JS%F

XAH=-,5254&r

AT
Ré w".~u$F

Kad=.40%F
YAR=~« &7 R
YALi=—, 825%P
YHC=-, S70HP
YODh=—, 4%
YAE==, 07GLF
YOF=. 70
Vb= O5RF
YaH= . 33F

AT i
ilII

VQN .S:S:F

CALL MOVECQ.CrYans
CALL DRAWCXAR VAR
CALL DRAWCWAL VAT
CALL DR&WCKADRyYAL)
CALL DRAWCXAER,YAC)
Cakl DR&W{XACY YAL)
Chal.ll. DRAWLONC VAL

DG
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Cakl DRAWCKADRy VAL
CALL DRAWCYAE:YAE?
CALL DRAWCAADyYVAE)
CaLL DRAWCXADY YAF)
CALL DRAWCKAE»YAF)
CaLL DRAWCKAL YAG)
CaALL DRAWCXADyVAC)
CALL DRAWOCIALy YAG)
CAaLL DRAWOXALD, YAH?
CaLL DRAWCRAF yYVAID
CaLL DRAWCKAF »YAF)
Cabll DRAWIXAGs VAP
CAaLL DRAWXA&G»YAD)
CALL DRAWXAM»YAQ)
Call DRAWCKAB YAGY
CaALL DRAWCXAGy VAl
CALL DRAUCKAH s YAl
Cokl DRE&ECXAH» VA1)
CALL DRAWOCHAG VAT
CALL DRAWCNAT: YaJ?
CALL DRAWCKAL» Yad)
CALL DEAUCXAT:YALR)
CAaLL DRAWSNAE YA
Cakkl MOVELYXAIsYadl
EaLL DR .'aU(;’AIr‘I'hr‘u)
CAl DRAW G YOO
CGAaLL MOVEUX A8 YNdD
CALL DRAWCKAJYAL)
CalLL DRAWIXADy VAL
CALL DRAW S Yal)
CALL DRAWIKAS» VALY
EnkL. BRBHPETCI)
CALL MOVE{(XAC s VAL :
Choll DRARCOKAC: VAL
okl HRQU(ﬂﬁn \'L
CaLll MBYC L xAR: YA
CaLL D¢ iw‘uu.. AN
Cl\LL r.'r\ﬁu(nriuv l'l"...\::
CAaLL DRAWCAGY VAF)
CALL DASHPT(O)

PARDCT ) =YD4LOR
FARDCE ) =YD-LEOR
TﬂFD(?)*JD%EDR
FARI 10 Yy KT-T O,
CALL TRIDBNTSC FLLSE,
call eMeuoas

RETURN

END

SUERBUTINE PRZ2TNOSKAy YAe XDy YDy RO PETDLELE O
REAL PARDCLDS

BREAL ENR
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REAL X6 VA XDy YDyRECO

CHARACTER % 10 LELD
CaLL CMOFEN
LELD="72TN FRESS”
F=GH48.0

PLUS=(.625$*")%(.QZJ*“2)

EOR=SQRT(FLUS

EOR = BOR % P

CaALL TRANSLIXD.YI)
CaLL PINVDOT(O.0»0.0?
CALL ROTATE(RD:RID
Xan=.35%F

XAB=,Sx%F

XAC= 6...,.;«\F‘

KAD=, 4%

XAE= -u:5“r

XNF =~ 275%F

ANG=- .3q*F
KAH=— , GRORF

KAI=-, 2T%F

XAJd= . 45%F

YAl=—. 675XF
YAE=-,825x%F
YAC=-,S75%F

YaD=~ 4%F
YAE=-.07SxF
YAF =, 7%F

YAD'-.WU"\I—'
YﬁH=.3W'

YAL=~ 2%

YA«J“""Q\J-PI-
YAR=~ ¢ 45&F

YaL=. 12587

Yiig=, 828x[

CaLL MOVE(D.OyYRA)
CALL DRAWIAAA Y VAAET
CALL DRAWCKAL, VAL
Call DRAWCGAEyYALD)
CALL DRAWIXAS » VAL
CALL DRAWIHAC:YAL)
CI‘ILL DRAWLZAS VAL
CALL DRAWCKAE,VAID
CALL DRAWCXAD»YALD
CaLL DRAWCKAD VAL
CALL DRAWCXATIY VAR
CALL DREAWCXALy YAF)
CalLL DRAWCXAEYAC)
CalLL TRAWCKADy YAG)
CALL DRAW(KAEYVADG)
CALL DRAW{XAE»YAH)
CALL DRAWXAT » YAl
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CAaLL DRAWICAAF Yy YA
CaLL DRAWCXAGY YA
cAaLL DRAW(XAG»YAD)
CALL DRAWCXAF»YAG)
CaLL DRAWXAG:VADS
CaALL DRaAWCKAGs YALD
CALL DRAWCXAHs YALL
CalLL DRAWCXAH YATI)
CALL DRAWCXAG:YAI)
CaLl DRAWCHAG, YOS
CALL DRAWCXATI VAL
CALL DRAWCXAILyYAK?
CALL DRAWCIXAGy YAKRS
CALL MOVE(XAIVAJ)
CALL DRAWCHAIVEAHD
CaLL DRAKRCO.O»YALS
CALL MOVE(XA&yYAJD
CALL DRAWXAJD VAL
CALL DRAKXAJ»YAR)
CAaLL DRAWCAAAY YA
CALL DRAWC(XAA:YAJ)
CaLL DASHFT(3?
CALL MOVECIAC»VALD:D
CaLll DRAWCKAC» YAL)D
CALL DRAWCCXADsYAL?
CALL HMOVEC(KAD YA
CAaLL DRAW ATy YA
CALL DRAWCKAGy VAN
CALL DRAW(XAGyYAF)
CaLL DASHFPT(O)
FARD(? =YD+ EOR
FARDL{B Y =YD-ROF
FARD(? )=XD+ BOR
FARDC10 Y =XD-EBOR
EALL TRIDNTY TTSLCE.D
CaALL CHMCLOES
RETURH
END
SUDROUTINE RECTA(MARI LELE)
CHARACTER X% 1Z LELD
REAL PARDC10)
FORMAT(ALO)
CALL CLEAR
FPRINT ¥ "GENERAL TEMFLATE: RECTANGLE-
CX=65.0
CY=50.0
CALL CMOFPEN
CALL VWFORT(0.0s130.0+50.0v100.0)
CALL WINDDW(C.0:130.5,0.C710C.0)
Call CHMARK{CX»CY)
CaLll MOVE(SC.Csal.C:
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CALL DRAW(B80.0:40.07

CALL DRAW(E0.0280.0)

CALL DRAW(S0.C»60.0)

CaLL DRAW(E0.0»40.0)

CALL MOVE(45.0+40.0)

CALL DRAW(49.0,40.0)

CALL MOVE(A7.0240.0)

CALL DRAW(47.0947.35)

CALL DRAWCAT.0r47.5)

CALL MOVE(47.0,52.05)

CALL DRAW(A7.0+60.0)

CALL MOVE{(A5.0,50.0)

CaLL DRAW(AZ.0+50.07

CALL MOVE(SQC.0y3Z2.0:

CALL DRAWCS0.0+37.0)

Chll MOVE(S0.0537.07

CALL DRAWCE2,T,3E7.0)

CaALL MOVE(&7.5+37.0)

CalL LERAWCEO. 0?9/00)

CALL MOVEIBQ.C»3E .0

CALL DRAWCEQ 030,03

Akl lnul\(‘h'- 47 « 048,00

CaLlL TR

CALL TEXT{L :~ :

CALL TXaH

GALL, TERTECL s L")

Cakl MOVE(Q,0440.C)

CALL ‘CMELDS

FRINT %

PRINT %

PRINT & "INFUT THE WILKTH (W) HMCASUREHENT IH T
FRINT %5’ DF INCHES.’

READ SteARIDNCLS

PARDC(L) = PARTICL) % .G

FRINT =

PRINT ®»7INFUT THE LERCET (L) MEASUREMENT IR -
FRINT & " OF IWHCHES.”

READ XsPARDC2)
FAORDI2)=PARDC2YN.0

FRINT &

PRINT =y "INPUT TEMPLATC LADEL
READ (%s1) LIELD

CALL CLEAR

RETURN

END

SUBROUTINC RECT XAy VA XDe VD Ry MPARLLDLD, OO
CHARACTER » 1C LILD

REAL FARD(L10O3

CaLL CHOFEN

Chl, VWFORT ST 05130 .6, 300100 .0,
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CALL WINDOW(O.O0rXAs0.00 Vi
CALL TRANGL (XDy YD)
CALL PIVOT(0.0s0.C)
CALL ROTATE(RD,RI)
WH = PARD(1) %5

RL = PARD(2) %S
WHN=WHk-1,C
RLN=RL¥-1.0

CALL MOVE(RLM, WHN)
CALL DRAWC(RLH I
CALL DRAWCRL Y WH)
CALL DRAWCRL: WHN)
CALL DRAWCRLNyWHN)
CALL CMARK(C.0s0.0}
PP = WH %$2.0 + RL *%2.0
PR = SORT{FF)
FARD(7) =VIHER
PARD () =YI-IR
PARD (F) =XD4FR
PARDC 103 =KD-FR

CALL TRIDNT(.FALSE.)
CALL CMCLOS

RETURN

EMD

SUBROUTINE RECTO(XA»YAriDs YDy REyPARD, LOLE . S
CHARACTER % 10 LBLD
REAL PARD(10)

CALL CMOFCN

CALL TRANSL (XL, YD)
CALL PIVET(0.0yC40
CALL ROTATE(RDyRES
WH = PARIZ(1G %0

RL = PARD(2) #5
WHN=WH%-1,C
RLN=RLE~140

CALL HOVE(RLMN»WHE)
CALL DRAWCRLNWID
CALL DRAWCRLWH}
CALL DRAK{RLyWHND
CALL DRAWCRLHWHID
FP = WH %%2.0 4 RL %%2.0
PR = SART(PP)
FARDCT)=YIUPR
FORD(S)=YD-FR

PARDAS  =XDL PR
PARD{10)=XD-PR

CALL TRIDNT!.FALSE,?
CALL CHCLOS

RETURN

END

g s 3y T Ay T A A SRR T S e A T
.,Ju..OUTIl‘t SHEAT CXAs Ve Dy WAy ...-.!"....L.._m_..‘. [
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REAL FARDGLED

REAL LOR

REAL XAN&2 KDYy v O

CHARACTER % 10 L['LA.:

CaLl CHOPEN

Chkl "U"C!"."C..“uwl...O O0r30.041CCC3
C(‘....I.. VJ- JDGL."O..,:\..s\..u..au
LELD:="CHEAR"’

P=G%48,0
PLUS=12,985%%2.0) + (1,575%%2.0:
BOR=SQRT (FLUS)

IOR = LOR % F

CALL TRANEL(XDyYI)
cCaLL FIVOT{0.0y0,0)
CALL ROTATE(RD:RL)
XaAa=1,0aF

XaD=1, 1&F

" It[: l . 'v w i"
XAD=1,375%F
KAE=1.425%F
YaF=1.725%F
XAG=1.8%F

KeaH==1 . 62048
Keal=-1.67T%F
HAJ==1 77254
nﬁl\“".}. 37-.!}: !"
XaL=-1,780%F
XAaM=~1.,1%F
KAN=-1,0%F

Yédas=— o A2THF
Yab=—1.,175%F
TmCe—1 G705

VaLis o 2708

YAE= 87 G%F
YOF=,720%F

YAGe— 4,17 u*l

YaH=-, 325

’(\l =y v._-.l | r

Yadm- o STTEF
YAR=.87T&F

ChlL MOVECO.CyYVals
CAaLL DRAWCKAA: YAL)
CaLL DRAWCAAAYYAL?
CALL DRAWCXADyYADR)
CALL DRAWCKAEsYAAD
LCALL DRAWCXAC y VAA)D
ZHLL DRAWCXAC»YVALC)
CoLll DRAWOXKADYYES)
ChaLL DORAWIXAD VAT
CALL DRAWCKAD e YEDD

oy | 258 8 1wk e e s
1 e b Hr llﬁ-\- L CE S Y -
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Cokl DRWGWTANT o VAL
GOkl DRAWCNGT » YA
CALL ORAWIKALD: VAT )
CaLL DRAKIRAE.YAC!
CALL DRAWCRAT VAL
CALL DRGU\nHr!{uq:
call DRAWCHE VAL
s 1 {'l\nl#\ \AEI"TIII’I
Cf.L‘ Tlr\ullw\u\nl.l . |u|:
CI"'lL.L I'[\uu”- HG, Vil 1:
CALL DRAWCIAGY VAL
CaLL DR&W AL VAR
CaLL DRAWCXAD: VALY
CALL DRAWCRAH VALY
CaLL DRAWCEH VAT
CALL DRAWCKAT . VAL
CaLlLl DRAWCRAT VAT
CaLll DRAWCGAIyYALDS
CALL DRARCXKAJY VAR
CﬁLL IH’\!"IU\:-I'\‘-I nll J
CHLL DRAWCKATL »VAC)
CALL DRAWIRAD VAT,
CALL DRAWCRAT Y VAl
CaLl QRAN(KﬂIJTﬁJ}
CALL DRAWCKAT » Vi)
CﬂLL x.l.xﬂbl '.:uuu Y Fari e
CalL MOVECANT »vAG.
Cakl DRAWIKAK VG
COLL ERAE iy Ydd )
CLLL mnlu‘ nl.nnu.
Cu'IL.L. BREPE RS ¢ e
CAaLl DBEAWCKATL s TaO
Chll MOVE (Al Ve
CALL DRAWIKAMY |nn:
CaLL DEAW Ca s VAT
CaLlLl DRaAWCXEN VAD
CALL LRhL(AHP’l“H:
:ALL Dnﬁﬂ-ﬂoullnn_
Paiive 7 2o Y I ROR

ARG 8 Y =Y2-ROR

0 B -. a =A01LOR
noe nm e

Paliis o€ &3 BER

Eabdle TRIDET ¢ o F faadics 3
CaLL CHELas

RETURN

ERD

GUEBRCUTINE SHEGRD (R VE DL VL,
REAL PARDCLOS

REAL EOR

AL KA TR XDy YEL RO

(IO} TR s " » v,
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Crll ORAW AT VAC
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CALL DRAW (AT ViG
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Skt WRAWCREEy YA
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CALL THAWLLab ;
Cakl TRAWLNAD
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CALL DRAWCREH & HI
Chalkl DRAWOXAM YAD
Cokl DRAWCAKRT: VAD
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CALL DRAl{XG» YARE:
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PARDCZ) =XDHITR
FARDCIQ)=XD N
CALL TRIDNT(,FALSC
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SUCRCGUTINE CHARKCKCY )
CRP=CX+1.0 2 :
"‘\l

M=EX~1.0

C ‘F=CY+1.C
CVH=CY-1.0C

CaLl MOVEC(CXM»CY)
CalLl DIRAW{(TKF:CY)
EAklL MOVEL(CX.,CYM)
call DRAWACKXeCYP)
RETURM

EikD

SUBROUTINHE CROSS{XS:YEAN)
CaLL CMOFEN

L=10.0

umLL MOVE (RSB Va1 0%
CAall DRAWLXETIDTS-D)
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TWOLLE S = THALLBA4E DR
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SUBROUTINE DUSTHE
PRINT &
FRINT &
WETURI
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OUTINE TRISI'AC
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Cale URAWCH{A»1)9B(2))
CALL DRAWINCA» L)Y s NKE8 20 )
CoALL TRAWCB(AY»H(4yZ02

IF (NFTS(1) «ER: 1) GO TO ¢
CALL DRAWCD{AXsB(1))

GO TO 120

CALL DRAWCB(AYyNC4» 23D

Chll DRAWINCAy 1) o NCAY2)D

CALL DASHPT(3)

Call MOVE(BCA)E(1))
CALL DRAWCDIZYEC(LYD
chHLL DRAWCEC(Z)»B(22D
Call DRAWCR(4) »EB(20)
il DRAW(E(4+DB(1))
CaLL DASHFT(OD

CALL CHMCLOS
RETURL:

o
bl

SULROUTINE DWALLSO(XAyYAsLEsNyNFTC)

REAL EBCA) s NC4»2)
INTEQER NFTS(4)
Call CHMOFEN

CALL VWFORT(0.0vy130+,0+0,0y2100.;

CAHLL WINDOWCO. .0y XAy Q. 0r VA
IF (NPTSC(LY EQs 1) 0O TO 10
CALL MOVE(DRC(4) L4137

Co TG 20

Catl MOVEINCLy1)sHlL1s23 5
CALL DRAWINCL»1) D120

IF (NPTE4{2) 00, 17 80 7O 30
ikl DRAWIR(SIvEOLDD

wh TO 44

CALL DRAGW N2y 132DBC152

Sl DREWANTZI 1) o NS2223)

rnLL DEWCDI3) # N2 2D 0

I (HPT8d3) «~EQ. 13} GO TO B
Call IRAWIBCIIDIZE)

a3l TO &0

CALL TRAWIECS v NCSe 233

CALL DRAJINCIr LD NIT20 3
CALL DRAMGICIe Lo B{Z0 3
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F INPTS(4: LEQ. 1y OO TQ 70
CAkl DROWSECAYD(2I

B3 TO S0

CaLL DRAWHCAy 1) 2 RC2DD

CALL DRAWIHCG4AyL) o NI4AZ)
CALL DRAUCERCAY yN{4AyZY )

IF (NPTE(13 JEQ. 1) GO TO 20
CALL DRAWCECS) yB(1))

S0 TO 100

CALL TRAWCECA) yNC(A22) )

CAHALL DRAWINCA+1) yNC492) )

Chalkl DASHPTC3)

Coabl MOVE(B(4)sLB(1))
CALL DRAWCR(I) yL(1))
CALL DRAW(RB(3)«E(Z2))
CALL DRAWCECA)yEC(2))
CALL DRAWCEC(4) »E(LD)
CaLL DASHPTIO)

CAaLL CMCLOS
RETURN

END
SUDBROUTINE DWCTRCAAy YA Ly Ny FsFTSyNFTEvAsFVRTE ITE?
REAL GL2) s B(2yA) o M{ZyAy By P22
INTEGER PTS(2) ¢ NFTS{4 ) iV

InE = 0

Call CMSPEN

CaLlL VHFORT(ZT.Cw13040930405100.7
Call WINEZWLO.OvXAGy 0. .0sYVA)

CaLL TRONSLUAIYsA(2))

CALL ROTATECRTE »RTE ;

IT INFTS{1Y JEQ. 1) GO TO 10

CALL MOVE(D(FUy 4 v BIFVy12)

GO TO 2¢

CaLL MOVE(HNAPUy 1y l) oMV yly2) 3
CALL DORAWIN(PYy 1y 1) :EBIPUsL):

IF (NFTE(2) EG. 1) GD TO 30
Cabl DRAWIB(FV3)sZFYy1))

GO TO 49

CALL DRAWINIFV 21 00BIPV 1))
winale ORAWCNCPYS 28 D) eNiFWs 2925 &

Call TRAWIZIPW 3 e (PVy292))
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IF (NPTE(3)
ikl DRI CBERY
GO TO &6

CaALL DRAWIB{PV3)
ookl DRAWN(FVSy
Call DRAWINIGPVLZ.

{ ocr
L

R

IF (NFTSC4) L.
Call DRAWCEB(PVy4)
B0 TO 84

{51 Ial‘nU'N rl i
CALL DRA&AWMNLPV: '1 y
oLl DEARCBEPV 4 )

IF )
ZALL DRAMCE
GO TO 12

CALL DM (E (W)
CALL DRAWGT PV dy

CNCTE

B s
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IF

w14

FTS2IAKY

Y ‘Il
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Call
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13 GC TO 50
yECPUYDY)

yNCPV S 20)
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1) B3 TO 70

sBOPU 923
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ENL T S

+B PV 1))

GaLkl DRSWSBOW I3 BIPVel )]
kL ERSEIE (PN Z3 e AV )
oikh, TRAWADOTNVY 23D (PVe2) )
et DR BTN LB (P S 3
Shkl EASIETLS.

IF (IFL «ua. @) B 70 989
Ir STTE17 »EQe % B TG 320
e Y BR. 1) 88 76 LAG
CAali. MEVESP Il 000sP Ll |
5770 2 SR 71 N T o M BT SRl e 4 By,
Chabll. MONES < Eatr 0. s PEL, T
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Ghll T ~3e s Sed
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Chlen FDI‘ElI .-.Jl!n.;uol'r‘: 230863
Ealt. BRAWCME{D: 2210,y P{2s.23 ~10.)
cCo To AN
e A

CaLl. MOVE(S.v5ui
Call DRAWC~Zey~Se)
CalkLl TRIDNT(.FALSE.)
Call CTHMCLOS

RETUR

ENEC

S'.J?!'\DUTINI: DUCTROCKAs YA T vNy.‘vT'T yHPF TS Ay PV RTE IFES

I\EF;L tcl\l !{\‘..r—i}lllc._! 1)...- rr'\..l
INTECLCR I'TS(."_"H.J'T APV

IAZ = O

Catl CHOGPEN

IF FrTe{iYy .EQ. 1% €GO TG 10T
CaLl MOMVE(BIPVs4)sEB(PYs L)

GL T3 2§

Sakl: MOVEINAPM s Ly L3 NCPVG L9239
SALL DRAWOCPV Iy 1) e BV L0

IF ANETECR)Y «+EG« 1) BO TG 3G
okl TRAWCLOFNV 37 s BEFVY L L))

=0 TO 4¢

cALL DRAUCHIPVyZy L2 vB(FVr L7
Cobl TRAWCHIPV 2y L) yN TV 2920 )

FAse 1

[P S t.‘]”ulu\)w(rl-au)s’likril'.:,... ¥

I (HFPTEE) ~EQ. 1) GO T4 59
Cenede TRAMCEOPVZI o BV 20 )
(ot T £ 1

S (= [~ &Y

SoLL GRAWCDOFV3) NPV S 23D
Chal TDRARCHIPV S 1) o NN ¢ S 20 3

CaLl DRAWONIFVSs17, BUFV 2D

IF (HPTS(4Y JLE&. 1) S0 T8 '20
Call DEARIBIPYy 339 BCPVe 200

B e

g Th B

Ciual I..rm\ll\l"»'r‘nl.H.—.FU

—hll ERAWINIFY, - .;1.;:\.:‘&', Tyl
chall DRAELIDIFV 4 v lNAPVy40 23

FOONFTSCLY JEde 1) B0 TO 920
sl BRAUIEBIPN 539 » B(PVY 215 ]

Fal e o

LA i R 2

'..L DROWIE N 40 o NPV s 5920 3
wle BRGHTHIPV Ay LY o NEPY & 25 5
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0 75 1AA =1+4

IF {(MFTS(IAXY EQ. 1) IaZ=1
IF (IAZ .EQ. 0) GO TO Sg8
CaLL DASHFT(3)

CALL MOVE(E(FVs4)»EB{(FVy 133
CALL DRAWCDRIFVyS2sEB(FV2 L)
ChALL DRAW(EB(PV,T:BIFV 22D
CALL DRAWIEB(FVs42»B(PV,2))
CALL DRAKCB(PVAI»DBIFV 1))
caLL DREHFTCO?

IF $IFE BT, B9) GQ TO 999

IF (FTS41) »EQs 07 GB TO 2120

IF 4PV LEQe 13 60 TO 1410

CALL MOVEC(P{1y1)4+10.yFCL1x2) 1040
Call DRAWCP ULy 1)-10.9F(1v2)-1GC4)
CALL MOVECP(1y1341C.» P (122)-10.)
CAalLL DRAWCF(Ly1)-10.sF (1,23 41C.)
GO TO 120

CALL MOVE(S.»S.)

CALL DRAW(=S5.»=5.)

CaLlL MOVE(S«Cr-5.)

Ca4LL DRAW(-S.95.0)

IF(PTS(2) .EQs 0) BO TO 997
IF¢PY +EQ. 22 60 TO 180
CALL MOVE(P(2s1)410.P{2:23110.73
CALL DRAWIP(2p1Y-10.F {22107
6D TR 997

CaLL MOVE(D. yTa

Call DRAKC-5.+=-34)

CiHll TRIDHNT(.FALSE.)

chall CHMCLOS

RCTURN

EuD

SULRRGUTINE FSPAC

call. CHOPEN

CaLiL HOM

CaLL CHCLOS

BR 36 11 = 1+2%

FRINT ¥

COWNTINUE

RETURM

L

SUEBRCUTINE MIDCA(PHyNIMAC: PCH.
INTEGSER FH

CHARACTER %20 HFALC

CHNRARSTER %7 P8Mt2
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FOM(2)="WORKOUT "
PFEML2="FLOWE"
FEM({S)='LAYOUT'
PEBR{AT="0UTFUT "

Call CLEAR

Cakl CMGFhH

Calkl. TRIDNTC.TRUE.)
Erbl rOVE{Q.CGy?0.02
Cnkl DRAWCLIO.09P0.0)
CALL DRAWLI0.Cx100.09
CALL DRAW{0.0v100.02
CALL DRAW(0.0,90.0)
CALL MOVE (0.0y130.0)
SOkl HOME

£ALL CMCLOS

FORMAT (SKyA20,40Xy "FLAC ")
FORMAT(3X» 'FHASE: 7 +A7)
FRINT 1sNFAC

FRINT 2yPGMPHD

RETURHN

END

SUBROUTINE LOADCNLyLEFAsCFAsFPFasNIAyNEFOy
OLD+FTSsNFTE )

REAL FPTF&E(2y EixﬁLﬂ(:vﬂ)vL.n(:!4)rCFﬂ(hvh
REAL MFA(2:492)

IHTEGER FTS(E.,HP S{4) e NEFOCZ2)
CHERACTER X777 Z

FﬂﬁﬁﬁrﬁiX)Aﬁn)

FOF WT \BM(I y2RD)

FDFMG4’1nr4(F10.3r2k}>
FORMAT(1X»4(I2+2X))
OFENCUNIT=3sFILE="EORD.DAT s TYPE="0LD " v
DISP='KEEF’ »FORM="FORMATTED "}
IF (NL «EQ+ 1) GO TO S50
NFASS=NL~1

NREC= (NFAZSKZ1)

ODC 4% JéaaAa=1NREC

READ (3s1) Z

READ (3s1) Z

REAL(Ss1) Z

READCT 2100 (PTS(JAY »JA=1+2)
READ(3y 10 (NEFOCJAY» JA=1v2Z)
D0 1350 Ja=1:2

READC3y11) (OLDCJAYJBY v JB=142)
Do 140 Ja=1.2

READ(Zy11l) (PFACJAYJE) v JB214+2
DO 1468 Ja = 142

READ(Sy12) AEBFAC(JAYyJE) yJE=1,4)
oo 479 JA = y o

READCSs11) (CFAlIAsJE, » JD=Ls 20
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READ(I»13) (NPTS{JA) vdn=lyai

D0 180 Ja=1s2

0o 173 Je=1s4

READCI v 11l (HNFACJAy JBLJE) v JC=1+2D
CONTINUE

CLOEE (UNIT=3Z)

RETURH

ERHD

SUBROUTINE NFOINT(PTSSyNFAAyWHICH
NTEEER PT&HSLD) vNFIArUHI:H
WHICH=Q

HEdie=0

IF (FTS8((1)Y «EQ. 1) NPAA =NPAATL
IF {(PTSS(Z) .EQ. 1) N'AA = NFAALL
IF <NFAA JEQe 2) CO TO 1CO

IF & T”uf&) E&s 13 WIHIEH = 1

IF CPTSSA20 JEQs 23 WHILH = 2
RETURN

ENE

SUEROQUTINE POINTE(MLOTyNHKWTRy FLASE)
CH& ‘I_“—.TI""" b g i NIIUTR\._.J)

& R
e T L 8 (..-.HSJ

INTECER PLACECZT)
FOREAT (20X 'T'0D AND FOE FOSITIONS )
FORMHAT (LXK RO "« SX» "DEPT . NAKE ’I

. ’!"DD-“ “r LRy TPDE-X" v LORy "POE T

rDRhAT(l'rIErSX:ﬁlSnZiZKrFlO.Z:ZKrFlC.Z:}
FRINT %
MRINT
FRINT
nr\I”T
00 120 KAE = 1428
IFL(MLACE(RALRY LEG. €) GO TO 183
r]"""".' "f Ill-. iu I»J r\\i\ll[\ T
FLETOKOE »1 3« PLOT IRAD 222

r-q YT

T pyie e s

J.!\-nlh-

o
‘\‘—ILI"II
CHE
S T TN, TR O, B Pl NP PR w0 5
!LdLl\!. hoee ot Fhaet T Zan PANA i F M bt g
-y YT A
Sl ahv a e
oA PV a1y \
itk GERY sy TR 3 s 6545 )

g . MY Wy e B
REGL PRl 20 L2022 DBIFACEs 42
Forr P By RN - s A Ny
SR ok LN e Fad 7 atrrl':...a“rr._d

g s o g sy Al sy . e

il o e POINTELZ) #NFBINT LAY yNETCL2)

14 A% e e
Vo AN F A -l—’hllll

AR R B | SREN N
Aol ) B P O N
Ay b v e ey
TS LR G LS ed n @A)
% ety T, AN Y Y

(=3 BN ] vty bd ey aiand 2

Ko 'TOD K™ iCiy

LT CKAELDS L (oAt
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IR LRI T S L. IO,
PP IF S A S . l...d
LU L Ly 20=FF {Le3)
-JL..L" yEPF (29 20

DLHkuyh) 2 B R e T

FOINTE(L) = §

POIHTS(2Y = O

IE P Lty <EQw %400 FPOINTSOLY = 41
IF {FF(2y1) <CO. 1.0 POINTS(2) = 1
Do oo Ja =1.2

D0 45 JD =142

A% Fraldée I C.C

5o CONTINUE
IFr (MpDINTS¢1Y .EO. O0) BO TO %
IF (FPOINTSCZ) +EQ. O GO TO S5
FRAC(L21) = OLDKL1»d1)y - OLIDC2y1)
FFRA{Le2) = OLDC(1s2) ~ DOLOE2:2)
FRAaiZ»1) & OLDS2y1Y ~ OLDCLIv1)
FF&L2:2) = OLD(2+,2) -~ OLD{1:27

o5 0o 70 Ja = 12
D0 &5 JE = 144

&5 EFadJEyJES = 0.0
L0 &7 JB = L2

&7 Craidaydi; =0.9

70 COMTINUE
IF (MOINTE(1ly LEQ. €)Y 84 TA 8¢
BFAGL1y1Y) = Br{l) = CLD{1s2;
EFAall:2) = BFCGD., OLELL»2)
BERILaZ) = BTy = BLECLL)
Fasls ) = BUCA) OLDCLy 1)
EFfala Ly = BFCLY <« BLELIFL)
o A ey » DLt ied)

£5 IF AFQIHTS 20 JER« ©) G0 TH 8I
BrdaSe i) = BLls CLD(Zy 27
EBF&EZ 20 LD ALT{Zy2
By a2 30 = BEA(3) =~ OLD(2y1d
BFRALZ 4 = BF LAY - OLDC24 1)
CRid2edy = EFELT = OLECZry LY
CFR&L2y2) = GIL2) = CLBI{Zy22

o 0 ¢ Ja=Ll»4

e WPOINT (242 = @
00 o0 Ja=lys
o IF (NS edn) «EBe 1.0 NFOINT(JA: = 1
L0 105 Ja=ls4
no 1060 Jos=1.2
Lo 29 LC=4s2
WALy JdAydBY = 0.0
o101 COHTINUE
N COMTINUE
a7 (FOINTS(L) JEGe OF
L0 12C JA=ls4
IF (WNPCLLV swie olG&e Q2 GO TO 120

oo
i

c}
3
-
&)
ey
| ]
&
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NFACLy JAy 1) =NF(2sdA)-0LL Ly 1)
NFAlLydA» 23=NF {(3vdA) - CLOCLy 20

129 CONTINUE

128 IF (FOINTS(Z) .EQ. ©0) GO TO 140
DO 130 JA = 1s4
IF {(NPOINT¢JAY ERQ. C) GO TO 130
NPF&(2ydiwl) = NFLZwJdA) = GLD(erJ
NFA2sJAr2) = NF{ZydA) — OLD(Z2s2

138 CONTIRNUE

149 WRITE(Z,1C) (FOINTS(JM) »JA=1s2)

WRITE(3,10) (NBPO(JA)»JA=1:2)
D0 150 JA =1,2
150 WRITE(S+11) (OLODC(JA»JE) » JB=14+2)
00 1460 JA = 142
p 2T %0, WRITE(Sy11) (PFACJAYJE) y JE=1+2)
00 185 JA = 142
145 WRITE(Z: 127 (DFACJAsJD) v JE=1s4)
nug 170 Ja = 1,2
170 WRITE(3s»11) (CFA(JAyJE) » JB=1,2)
WRITE(I»13) (NFOINT(JA) v JA=1+41
oo 1890 Ja 1,2
e 175 JE 1v4
78 WRITE(Sy11) (HFA(JA»JE-JC) s JC=1+2)
1C0 CONTINUL
RETURN
IU
ROUTINE RﬁNh(rLnCEvrTrRLIuTrﬁUhhaHJCTRL
IT EDET MLACC(23S
INTECGER rLI"T(IO»Q)rTLIuTiltxﬁ):RPLAC(leZS)
REAL FTLA25528)»RVALIZ2S Yy TUALLZED
00 10 IAD=1,1iC
TVALTTARY=0
TUAL(IHE)rO-C
00 4 IAC =142
RELACLIAE: TAC) =0
DG © IAC=1.2
NLICTLIAD,IAC)=0
A TLISTIIADYy IAC)=C
e CONTINUE
HRARR=0
T LSC IALD=1sNUCTR
D0 14T IAC=1,NUCTR
ki chnInB,IACJ vERe 0,0 GG TE 143
IF {IfB .EQ. IACY GO0 TO 148
IF (RFLAC(TIAB»IACY .L&. 13 BO TO 445
I APLACE(IALY «EQ. )Y CTO TQ 150
IF {FLACC(IAL) ohU 13 S0 TO 148
20258 IAR = 1.1

IF $FETC] “ArLIC\ «GT« RVAL(TAR) ) GO T3 158

i

1= PR
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CONTINUE
GO 70 400
IAaT=1l .
IaR=1

IF (I&T EQ. IAD) GO TO 175
TLISTC(IAT 1) = RLIST(IARy1)
TLIST(IAT2) = RLIST(IARs2)
TUALCIATY = RVAL{IARD

IAT = IAT

IAR = IaAR 4
IF {I4T +ER
GO TO 140
TLISTC(IAT»1)=1AD

TLIST(IATsZ)=1IAC

TVALCIAT?) = FT(IAERyIAC)
RPL&SCCIAEYyIAC) = 1

IAT = LAT +1

IF (IaT +EG, 117 GO TE& 173

GO TO 1&¢

I0D 200 IAK = 1»10
RLICT(IAR»1)=TLIST(IAKs1)
RLIST{IAR»2)=TLIST(IAKY2)
RVAL(IAK ) =TVALCTIAK)

TLISTC(IARYL) = O

TLIET(IARK2)Y = O

TVALCIARY = 0.0

CONTINUE

GO TO 145

Ho &50 IAC = 1sNWCTR

00 &400 IAD = 1syNWCTR

IF (FLACE(IAC) +EQ« 0) GO TO S5C

IF (PLACE(IAE} +EQ. 1) GO TO &0GC

IF {FT(IALyIAC} LEQ« 0.0) GO TO &GO
IFCIAE JEQ. IAC) GO TO &0C

IF {(RFPLAC(IADR,IAC) .EQ. 1Y GO TC &00
D0 425 IA0 = 1210

IF(FTCIARIACY GT+. RVALCIADY? GO TO
CONTIMNUE

CONTINUE

CONTINUE

GO TO 700

IaT = 1

IAR = 1

IF (I&T .EQ. IADY GO TC 500

1
v 11) GO TO 19S5

TLISTCIAT»1) = RLIST(IAR»s1)
TLISTCIAT D) = RLIST(IARyY2)
TUALCIAT) =RVAL(IAR)

IAT = TAT 4
IAR = IAR 4
IF (TAT O
6C TG 44C

+ FLpE

113 GO TO 328

£

5
]
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ool TLIST{IAT»L) = TAE
TLISTC(IATZ: = IAC
TVALCIAT? = FT(IAEsIAC)
RFPLACCIAEyIACY) = 1
IAT =IAT#H1
IF (IAT .EQ. 11) GO TO 523
GO0 TC 440

o 3 TG0 IaRK = 1410
RLIST(IAR»1) = TLICT(IAK,1)
RLISTCIAK,2) = TLICT(IAK,Z)
RVAL(IARY=TVALIIARD
TLISGTC(IAK: 1Y = O
TLIST(IAK2) = 0

%
@)
1

etV TUALCIARY = 040
6L TD &C0

Ta0 RETURN
CHD
SUBROUTINE ROFTANFROTsNWCTRFT £ MINS
INTEGCR NMPRDTsNWCTRHIX{T)
REAL FT(25,25
29 FORMAT(LX,T10.3)
ol FORMAT(LA:I7)
CPEN(UNIT=3yFILE="FRONTO.DAT " » TYFC="0L0 " »
1 DISP=’'REEF ' »FORM="FORMATTED ")
LC U0 IA=1yHFRDT
90 READCZS»3T) MIX(IAD
L0 20 IA=1yNHUWCTR
U0 BS IBs1oRUWCTR
237 READ(Z»25) FT{(IAYID:
90 CONTINUE
CLOSE(UNIT=3}
RETULHN
EHD
SUBROUTINE RIDEHINTFACyGRPN NORDy HHGRI s WWRTT »
1 NMPRET»HWCTR HMUTR: ARHNMW)
INTECER CRPNyNGRIDyIUMRGT v NWCTR
CHARGCTER % 20 NFwsC
CHARGTTER % 1T WMORF (D7 o NHWTRIDSS
CHARATTLER 1C NMPRDT {52
CHARAETEN O ARNRWC2D)
OrCH(UNIT=1+FILC="GEN.OAT? » TYFE="0LLD"
i DISP="KECD . ORM="FORMATTED" ;
FERIAT (13 520 )
FORMATOL Xy T2 v GReI1)
FoORtAT(IXyA15)
FORMAT CAX 2119
FORMAT (LR »n1G)
FORMATOLX»I2?
FOGRMAT X vAlD TH AT
LEALALy L WAL

RIall1yZ7 GRMNeHGRE

3= 489

SIS0 a» L4t s
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10 vo) HNGRECIA)
f : ya) NFPRDT
LO 10 IA=1,NFRDT
LS REAZL193) NMPFRDT(IA)
READ{1I»&) NWCTHR
ODC 20 IA=1+NWCTR
=5 REhUklr:} HHWTRCIA s ADNDIW (LA

CLOSECUNIT=1)

Rttt L k]

[ TN R Y

A 1]

SUERSUTINE RELATT(HUCTR L

REAL FLOT(2T:8) yNCORMN(452)
I

IHTESER ITCOT 25,90 s REON

VEYTITORY. WOV e YL 8
REOQRMN BEDIH WAL LS

e PR B N b PR s I $

i FRIST LI X BeZXal 1235 ¢

4 : L RN A ¢y

e - PRSPPI I

+y i PN i B St o I o O

- e r._z P AN e v
|

PRSI E
LTS R NP

= FDRHLT{'ﬂiEiSK,.lﬁ.w>,

R WIT =0y FILE=LAVOUT..DAT o TYFE="0LD”
i BICP="{ECP”, FORMN="FORMATTED?)
A0 206 I=1,HKETR

190 BELEAC 12 APLOT I ) su=108)
::) :u: :—1, !.J\.....

e F.'C.—‘Iii”.:? \'IE‘.LDT(-L'H-"-J. 11557
RLADLTH3Y (WALLSIIY yI=1y42
ROCADCT24) (ECCRMC(IY»I=1,42
o8 308G Iwmiqd

S REATN S B7 (HEORNII»JY vd=ty 2
CLEOLOINIT = 0
SR v
o el i
b st

SULNCUTINE RLISTOIMLACE: RLIST yRVALy NHWTR
INTEGER MLACE(2G)s RBLIST{1Cs2)

REAL RWVAL 1O

CUARAGETER % 15 HMWTRIZS)

:. ."Cﬂ."ia'{ S::rl:!s::?..\I:z._xz l._nil-u...)!..u\yl—ic.*
b TORMAT (2GR "RANKING OF UNPLACED WORIKCENTLERS )
“th. a

(I et Bl
Cn

IT.f“LhCE(RLIST(leJ} «EQ. 1) GO TCO 15
1, I6KyRLIET (15139 RLISTCL ) » HHWTRARLEISTA L v 255 5

1S PRINT 1y TARGRLIST (1. 23 RLIET (Lo 25 s NMUTRARLIST S s 200

LORUALCY:

o b 'r ik
al IR &
nc SL ITad = 210
+F CRMALLLAD Y B8+ Ce8F SO T $9¢9
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e A=y e g e
b ¥ e A4 B - s St bt

i (PLACE JRLIST
PRINT Lf.Iad.RLI
nnkTﬁ(ﬂb “*fIﬂJ

GO TO S5

(i
o
b

r

p yRYaL{IAd:

eI R 2 e
&lJi¢‘a L R L L I ]

PRINT L XASRLIST(IAL L) sRLIET(ING 20 4

NHWTRORLIET(INY » 23 Yo RV ALL IAY)
CONTINUE

RETURN

EMO

SUCRSUTINE CSLAYT(NWCTR, PLOT ¢IPLOTNCORN, CCORN, 46LLGS

REAL FLOT{25,3) yHCORN(4»2) »WALLIH,
INTECER IPLOT(ZZ5)yDLORN(SS
FORMATCLX, SE2K,FLlO.23)

FOR 1r11ka.\rus.. fidam 2

FORMAT(1X, 182827 1C .33
FORMANT (1 A (2X+I22)
FERMAT{1R,2(2X»F10.3)2

OFENCUNIT =9y FILC="LAYOUT OAT "« TVIE=

ODISP="WEEr’.,FCRM="FORMATTCED ")
DC 100 I=1.NUCTR

WRITEL{7-10 (PLOTC(IsJdind=1y30
0o 220 I=i/NUCTR

WRITZ(Z,2) (IPLOT(I»Jd)rJd=1+T)
WRITE(?y3) (WALLS(I)»I=1+4)
URITE(?:4) (GCORNCI) »I=1r4)
L0 300 I=1,4

WRITE(?y3) (NCORNCI¢Jd)»Jd=1,20
CLOSE(UNIT = 79

RETURN

EMD

SUERGUTINE TOF

CALL CHMOFEN

CALL HOME

CaLL CMCLOS

RETURN

CHID

SUBROUTINE TRICFAC

FRINT *®

FRINT %

FRINT X

RETURN

END

SULRCUTINE WARMGHD

CALL CMOFEN

DO 10 I = 1+¢N

CALL LELL

CONTINUE

CaLL cMCLOS

RETURM

END

"HEW”

’
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