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I. PREFACE

This document is submitted as a description of a

thesis project performed in partial fulfillment for the

degree of Master of Science. The major field of study

was computer science and the minor field was architecture.

It is the intent of the author that the following

thesis, in part, serve to help those who wish to design

programs which would interface to the Architectural De-

sign System.

7I
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II. INTRODUCTION

Two and one-half years ago a group was formed at

the University of Utah for the purpose of designing and

developing a three-dimensional computer-aided design sys-

tem. This group's particular attention was directed to-

ward providing a computer-aided architectural design sys-

tem although the underlying strategy of the complete de-

sign system was to provide the foundation for a general

purpose design system. The foundations included geo-

metric modeling techniquec, data structuring techniques,

and basic graphics routines. A user interface would be

added to this core to accommodate a special class of users.

The goal, then, of the aforementioned group was to design

the core design system and, as well, to design an arch-

itectural interface to this system.

As a result of analyzing the architectural design

process, certain decisions were made concerning the break-

down of such a process relative to computer implementation.

So called "object systems" and "attzibute systems" were

defined. Examples of object systems are the enclosure

system, dealing with the process of defining interior

spaces, and the structural system, dealing with the struc-

tural components needed to suppo-'t a building. The attri-

bute systems deal with the attributes of the components us-

ed in the object systems. Examples of these are the cost,

.4
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material and color systems.

Many of the object systems relate to components that,

for the most part, are added to a building after such

things as the enclosure and structural components have been

described. The electrical system is assumed to, primarily,

be such a system. Thus, the proposed electrical system

would provide for the addition of liqhting, power and ser-

vice fixtures and electrical wiring to a very basic spatial

description of a building.

From a computer programming standpoint, the electri-

cal system has to communicate with the core design system

and the architectural design system through which a basic

building design has been constructed and stored. Inherent

at this programming interface are problems of what data

should be passed between the electrical and architectural

systems, what routings should be provided by which system

for display and data storage, and even more basic questions

of program and data memory requirements and compatibility.

Basic decisions were also necessary as to how and where

electrical fixture data was to be arranged on the tree

structure model of a building.

A special purpose language was used to simplify the

job of formatting textual information for display, handl-

ing user interactions, and addressing data in the storage

area.



III. OBJECTIVES AND GOALS

What is proposed is an electrical design system.

Its objective is to provide a computer-aided system to a

designer who wishes to completely describe the character-

istics of the electrical system of a building. It is

intended that the electrical design system be a well in-

tegrated part of a larger and broader architectural de-

sign system. Other design systems dealing with such

aspectL oZ architectural design as heating, plumbing,

structures, esthetics, and so on, would make up a. cimplete

architectural design system.

At best, a stand along electrical design system would

probably speed up the process of placing, moving, and

deleting electrical fixtures on a building plan. In addit-

ion an automatic circuiting procedure could be very help-

ful. However, the motivation to build an electrical de-

sign system comes more from its usefulness when used in

a complete architectural design system, as mentioned a-

bove. In this context the more crucial problems of the re-

lationships between other elements of the building design

can be better understood anQ, hopefully, eliminated. In-

deed, components could be arranged more easily to affect,

what might be called, "constructive interference". The

electrical wiring could be integrated into the structure,

for example.
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Very simply, then, the goal of an electrical design

system, in the context of an architectural design system,

is to furnish a system to a designer that will enable him

to completely specify the electrical system of a build-

ing. This includes the specification of a set of attri-

butes to desctibe each component. Procedures for arrang-

ing components in the computer storage of the building

would be available. Automatic circuiting and lighting

simualtion features would also be desirable.

S.. . . . . .



IV. DESIGN SYSTEM SPECIFICATION3 6

The electrical design system is, most basically,

intended to be a computer-graphics system. The primary

output will be pictures displayed on a display console.

The information that causes the console to produce a

picture will be generated in a computer based on inputs

supplied by the user. The user can communicate with the

computer program by means of interaction devices located

at the display console. These devices allow him to issue

commands to change the proqram sequences, enter data, and

manipulate picture parts displayed on the screen. For now

the kinds of devices needed and the way in which they are

used will not be expanded. Rather, these items will be

discussed as they occur in the development of the concepts

of the system. The concepts mentioned in this section

describe a proposed electrical design system and are not

totally represented by a computer implementation.

The electrical system has been divided into three

parts according to three classes of fixtures. They are

lighting, power, and service. The lighting fixtures supply

electrically generated light. Examples of these are the

surface incandescent lamp and the recessed florescent lamp.

The power fixtures are used to dispense electrical power.

An explosion proof outlet and a two-wire convenience out-

let are examples of power fixtures. The third class of

fixtures, service, are used to distribute electrical
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power throughout a building. The control panel and the

generator are power fixtures.

Traditionally, whenever an electrical fixture is

to be entered into the design of a building, a symbolic

reference to that fixture is indicated on the plan view

drawing of the building. A fixture is traditionally

represented by a small graphic symbol. These symbols are,

for the most part, either a circle, a rectangle, a tri-

angle, or a combination of two of the above. The symbols

are frequently coded by adding alpha-numerics to the sym-

bol. On a specification sheet the r--cial coding is ex-

pleined and, as well, the fixtures L.__t are actually re-

presented by the symbols are specified. In addition,

notes and other cryptic information are associated with a

symbol to indicate its physical location in the z-direo-

tion and for other special circumstances.

In the electrical design system the use of graphic

symbols to represent electrical fixtures will also be

used. A unique symbol will be used to rqpresent a class

of fixtures, such as the class of single pole switches.

A further symbology will be used to identify a class. It

is a 4-character name, such as SNPL for single pole switch-

es. The name will be used by the user for reference to a

class and will also be used internally for storage purposes.

An additional 2 characters will be added to the 4-

character class identifier to reference particular fixtures
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within a class, such as SNPL15.

For display purposes all fixtures of a class will be

represented by a common graphic symbol. However, each

fixture will be referenced by a unique name and will be

described by a unique set of specifications. The specif-

ications will be the attributes of the fixture. Each type

of fixture will have associated to it sufficient and necf-

saxy attributes to specify its type. These will vary from

class to class and even within a class. The following is

an example of the attributes used to describe SNPL15:

ATTRIBUTES FOR

SNPL15

VOLTAGE 120 VOLTS

CURRENT 30 AMPS

MANUFACTURER GENERAL ELECTRIC

TYPE : FLUSH

MODEL #GE7031

MOUNTING HEIGHT 36

COLOR RED

COST : $2.35

The attributes are self-explanatory with the possible

exception of two, mounting height and cost. Mounting

height is sometimes referred to as a "use constraint" or,

in other words, a constraint affecting the use of the item

in point. In this case the mounting height of the fix-

ture must be specified since it is not apparent when the
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symbol appears on a 2-dimensional plan view. Here it is

36 inches above the finished floor. The attribute "cost"

is referring to the unit cost.

The set of eight attribute types shown would pro-

bably be sufficient to describe most of the fixtures that

would be used by a designer. However, there do exist a

number of fixtures or components which require a special

set of attributes, such as a generator or control panel.

Those attributes that are common to most designs can be

provided for by pre-setting a format into which the values

of attributes can be read. However, there are several

other problems in the area of specifications.

Some way must be provided to increase the number of

fixture types available to a user of the system. That

includes creating a new name and a new set of specifications.

These operations should preferably be performed by the

user. It is assumed here that the new fixture is being

added to an already existing class, therefore, a suitable

set of attribute types already exist. It is then just a

matter of selecting a name and inputting values for the

attributes.

A different sort of thing exists when a user finds

it necessary to have a new class of fixtures. Again it

appears that the user should have the ability to create

one. In this case, however, significantly more infor-

mation is needed. A symbol is needed to represent the
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the class. A name is needed for each picture type includ-

ed in the class and a set of attribute types is needed

to specify all fixtures in the class. The last require-

ment refers to not just thte values of the attributes but

also the kinds of autributes necessary.

At this point a description of the general operations

of the design system will tie together many of the topids

mentioned above.

When the electrical design system program is entered,

the console will display the mode name lighting, power

and service. At this point and at several others, the

user will be required to determine his course by etnering

the command selected from those listed on the screen. It

appears that by displaying his alternatives the uneducated

user will be explicity made aware of them. The educated

user, who will probably be aware of them anyway, can sim-

ply overlook their presence. As well, interactive com-

puter programs often leave the user confused as to where

he is in the program sequence and some feedback or ver-

ification of one's progress appears helpful.

The question of how the user will interact with the

scope.is a difficult one. In consideration of the inter-

action devices currently available, the "mouse" appears

to be the best for pointing at things displayed on the

console. The mouse was developed by Englebart (6). The



fact that the mouse fits so well in the hand, that the

mouse holding hand can move comfortably on any flat sur-

face, and that the movement~of the mouse seems most free

and natural make it a good choice. There is a very direct

movement of a tracking cross on the screen for a similar

movement of the mouse and the tracking cross can be pin-

pointed very easily. The use of a function button on the

upper surface of the mouse seems very acceptable for use

as an "accept" command or switching parameter.

While on the subject of the SRI mouse and inter-

action devices, it seems that the keyboard and five-finger

keyboard used at SRI and illustrated in (6) would also

be useful to the electrical design system. The five-

finger keyboard would be useful for inputting commands Qf

2 or 3 characters in length. But its use to input ch~ra

tern in any large quantity is not warranted and a regular

typewriter-like keyboard would be necessary. Th impot- . .

'ant poInt concerning these devices and the mouse, as '

used at SRI, is their efficient arrangement directly

in frontof a user. Their use in a system such as the

electrical design system involves going from one form of

device to another. This condition might be objectionable

if the user were required to chanqe his physical position

or his seating position to use one device and then another.

However, when the devices are arranged as they are at SRI,

the transition from one to another does not seem clumsy or

confusing.
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It is important to establish a consistent use of each

of the three devices in order to avoid the confusing use

of a multiplicity of devices to execute a single command.

For this reason the electrical design system will adopt

the use of the teletype to input textual data. The five-

fingered keyboard will be used to input commands to the

system. The commands will be two or three letters long.

The teletype can be used, however, for commands by users

inexperienced on the five-fingered keyboard. The mouse

will be used exclusively for pointing at picture points on

the screen. No command words will be displayed on the

screen. The mouse will be used only incidentally for com-

mand sequencing.

With this background, assume, again, that a user is

presented with the initial display in the electrical de-

sign system. The message on the screen asks him to

chuooe one of the three modes by inputting its code name--

PO for POWER, LI for LIGHTING, or SV for SERVICE.

The selection of either of the three modes will cause

a list of graphic symbols to be displayed. The list

represents, in each of the modes, the classes of fix-

tures currently available in that particular mode; Each

class will also have a decimal number and a textual name

displayed with it on the screen. If the user wishes to

use one of the fixture types provided on the screen, he

selects that type by inputting its decimal number. If the
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user wishes to use a type that is not at that point pro-

vided, he may define a new class by inputting the code NC

for "new class". Leaving this for the moment, assume the

user selects a class already provided.

At this point the user is provided with a displayed

message to the effect that N number of fixtures are avail-

able in that class, from, say SNPL15 to SNPL45. The user

now has several options, He can specify his choice of

fixture by inputting the decimal number representing its

position on the list of those available, say "2" for

SNPL20. This will cause the values of the attributes of

SNPL20 to appear, as illustrated on page 8. If the user

is not satisfied with this choice, the code word "UP"

allows him to view the next fixture in the list, SNPL25,

and "DN" will allow him to go back down the list to

SNPL15.

Of course, if the user is not satisfied with any of

the available choices, he can create a new fixture. The

code "NF" will generate a new fixture name, SNPL50 in

the example, and display the attribute types without

values. The user can then type in data, proceeding from

the top attribute down until he has reached the last

attribute or signals that he is done by a series of three

carriage returns. Up to 60 alpha-numeric characters can

be entered into one attribute category.

S-I
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A user can edit the information he has entered for

a new.fixture by using the code ED followed by the line

number of the attribute he wishes to edit. The line in

error must be completely retyped. Of course, three carri-

age returns will advance the user from this section of the

system or if he wishes to input more attributes, RT follow-

ed by an attribute line number will return him to the line

specified. From this line, the sBquence will proceed down

the list as described above.

Once the user has selected a fixture, either by scann-

ing those already established and choosing one or by

specifying a new one, he can begin placing copies of the

fixture chosen on the building plan. The sequence of 3

carriage returns will display the building plan. A fix-

ture is placed by moving the tracking cross with the

mouse to the desired position on the plan and pushing the

execute button on the mouse. A question now arises as to

just where the actual fixture is to be placed in the model

of the building.

The architectural design system uses a hierarchial

structure to model a buil"±ng. The building is the top

node, Zollowed by room rodes, each of which has wall nodes,

and this breakdown continues to some arbitrary level. The

question of where electrical fixtures should be placed,

mentioned in the last paragraph, is actually the question

of where they should be associated in the overall tree

iia~Oe. . -
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I tructure model of the building. It appears that the choice

is really between the room level and the wall level. A

comprise solution is probably necessary in which fix-,

tures will normally be associated to walls unless a serious

ambiguity exists or such an association makes no sense.

The ambiguity refers to whether a fixture is on one side

of a wall or the other. It appears that the best approach

to the placement of fixtures is as follows. When a user

wants to place a fixture on a wall that is common to two

rooms, he should place the tracking cross close to the wall

but within one of the rooms, or, in other words, not direct-

ly on the wall. The computer program will then determine

"the proximity of the cross to a displayed wall. If it finds I
a wall within some pre-set tolerance or proximity, a symbol

will repl;.ce the cross and a line will be drawn from the I
symbol, normal to the wall. The line is a verification

to the user. If he does not feel that the wall selected

by program represents his choice, he can use the move or

delete command to alter the position of the symbol. These

commands will be outlined shortly.

If the program did not find a displayed wall within a

sufficient proximity to the tracking cross, the tracking

cross will nonetheless be replaced by a symbol. However,

in this instance no line will be drawn from the symbol

and in the model of the building that fixture will not be

asgociated with a wall, but will be associated with the room



that encompasses the position of the symbol. This pro-

cedure will allow for the placement of such fixtures as

outlets or motors that are not normally associated with

walls. Of course, this default procedure will also be

invoked when a user means to place a fixture on a wall

but fails to place the tracking cross within sufficient

proximity to the wall. In this case, again, the move or

delete commands can be used to re-position the fixture.

Once these few fundamentals are understood, the user

can place fixtures rapidly. The tracking cross-mouse

combination can be though of as analogous to the rubber

stamp-ink pad, insomuch as the mouse is "inked up"

with copies of the current symbol and a symbol will be

displayed as many times as the mouse-execute button is

pushed. When the user wants to change symbols, "CS"

will return him to the list of symbols of the current

mode or "CM" will get him back to where he can select

another node.

Two editing functions are available for changing

the positions or the number of symbols already placed.

The "move" feature enables the user to re-position a

symbol. The sequence is "MS" for "move symbol", followed by

moving the tracking cross over the symbol to be moved and

pushing the execute button, and finally, moving the tracking



17

cross to a new position for the symbol and pushing the

execute button. If for the middle step-- identifying the

symbol to be moved - the program does not find a symbol,

a message will appear on the screen requesting the user

to try again. To avoid a loop condition, the command

"DC" will delete the move command entirely.

The delete feature allows a user to remove a sym-

bol from the screen. The correct sequence is the code

word "DS" for "delete symbol" followed by an identification

of the symbol to be deleted using the mouse and execute

button. Again, if the program fails to find a symbol

matching the coordinates of the mouse, a message will

ask the user to try the identification part again. The

"delete command" code word can also be used here as des-

cribed above.

An additional feature may be incorporated into the

delete sequence to aid in the identification of the actual

fixtures repreesnted by the symbols on the screen. It

must be remembered that a symbol represents a whole class

of fixtures and that several members of a class may be

represented by a single symbol on any given plan. The code

word "RN" will retrieve the names of the fixtures current-

ly represented on the screen and display the name below

the appropriate symbols. (The addition of the names to

the display will probably cause degradation of the pic-

ture through flicker or other means and should be used

OI



18

sparingly to pxaserve good picture quality.) The code

name "RS" followed by the identification of a symbol

using the mouse will retrieve and display the attributes

of the symbol selected this procedure can be only used

for viewing the attributes, not for making changes to

them.

'or viewing convenience another feature of the elec-

trical design system is scaling. The scales of 1/4, 1/8,

1/16 a3:e available and can be selected by the code words

"SF", "SE", or "SS". These scales make one inch on the

screen equal to four feet, eight feet, and sixteen feet

respectively.

To make scaling more meaningful, a light, straight

line grid is displayed con..urrently with the building

plan and symbols. The actual sp• sing between grid lines

in scope units remains constant with changes in scale.

Theretore, the value of the grid separation must change.

Depending upoz, the number of raster units per inch on

any particular scope, the grid spacing would then be

arrayed to produce an actual unscaled ,alue of 16 inches,

32 inches and 64 inches, respectively, at the three scales.

Using this criteria, the grid not only provides a refer-

ence but also a meaningful guide for designers who are con-

scious of the traditional mu'tiple of 16 inches building

modulus.
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Additional Features

The usefulness of the electrical design system could

be extended by several additional features.

At present the various lighting manufacturers publish

two dimensional graphs which show light intensity patterns

for most lamps. The light intensity contours are usually

regular curves and probably could be easily duplicated on

a computer and displayed on a graphics console. A light

simulation program could reproduce the sum of multiple

sources of light with infringing light patterns. The

psychological effects of lighting and the heating effects

of lighting could be integrated into a complete design

solution for a bui.lding.

It is clear that the electrical design system can

provide some kind of aid in determining electrical circuits

as well as in establish..ng wire and conduit runs. The

requirement here is to .e able to express all the factors

(or at least the most critical) in the form of a mathe-

matical relationship or procedure which can be expressed

in a computer program. There are, of course, many factors

that are expressed in mathematical terms in the electrical

code provisions. These provision. deal with such things

as the number of fixtures of a particular type in a cir-

cuit, the number and kinds of branch circuits, circuit-

power relationships, and many others. Electrical pro-

]J
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perties such as voltage, current, and power relationships

and voitage drop could be expressed. Other less precise

relationships would require some experimentation to deter-

mine what approach is best. An example is the question of

how the elements of a circuit should relate according to

their physical location in a building. Should an attempt

be made to minimize the sum of the distances between a

group of similar fixtures? In tao dimensions or three?

Generally, it appears that automatic circuiting and wire

routing could best be accomplished by a man-machine inter-

action. This could amount to either merely a human

override of a computer solution or a more elaborate

pieccmeal scheme of distributing the tasks between user

and ccmputer. This might involve the use of a tracking

procedure for the mouse which would then allow the user

to trace out a circuit or conduit run.
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The proposed electrical design system outlined in

the last section developed partly from the experience of

implementing a prototype electrical design subsystem on

the Univac 1108 computer and associated PDP-8 computer

and Information Displays Incorporated display console.

All equipments are located at the University of Utah.

Several aspects of this prototype will be discussed in

this section with respect to the computer system involved

rather than from the user's viewpoint.

The subsystem was composed of a large main computer

program and approi-mately thirty subroutines. The main

program was responsible for responding to user inter-

actions. It provided a skeleton for control and called

on the subroutines to perform specific, isolated functions.

This approach to program structure made the main program

easy to compose and, especially, easier to debug because

the flow of control through the program was relatively

easy to follow. As well, each subroutine could be inde-

pendently written and debugged. Approximately two-thirds

of the subroutines were written in Fortran V while the

remaining subroutines and the main program were written in

a language called Graphics Fortran. Graphics Fortran was

developed as a system programming language for the arch-

itectural design system.

A
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Relationship to the Architectural Design System

The prototype electrical design system was in-

tended for use by a designer after he had established at

least a two-dimensional description of a building plan.

The designer was required to explicitly label those geome-

tric parts of the plan which he meant to be walls. He

was then free to call the electrical design system.

When the label of wall was attached to parts of the

plan, an indication of this fact was made in the tree

structure modeling scheme of the building. The modeling

scheme was stored by a hashing scheme which operated on

associative triples similar to those of Lincoln Lab's

"Leap" (7). In the case of the wall designation the

associative triple was: MAKE 'TYPE' OF 'AAA4' = 'WALL',

which was hashed according to the values of the literal

TYPE, the literal name of the geometric part AAA4, and

the literal WALL.

When the electrical design system was entered, it

was necessary to retrieve the information concerning walls

since in the prototype fixtures were associated to walls

as sub-nodes. Thus, the tact was taken that the electrical

design system would provide the means for retrieving that

particular data from the model of the building that it

needed as a subsystem. Therefore, an electrical system

routine searched the data base for all occurrences of the

type wall. For all occurrences, an entry was set up in a
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local array which held the name of the wall element and

its centerline coordinate in the building coordinate

system.

It is important in cases of this kind to determine

just what part of the data concerning the building design

is needed by any particular subsystem. Provisions for

identifying this data can be made in the general design

phase, but it is the responsibility of the subsystem to

provide the facility for retrieving that data and only

that data it specifically needs. This provides for a less

confusing separation of tasks and an economy of computing.

As well as the background data needed by the

electrical subsystem prototype, certain information was

needed from the architectural design system for display

purposes. Since the model of the building may extend

down to some arbitrary level of detail, it is clear

that for any given application a parareter must be set

to the lowest level of detail that it is necessary to

display for that application. For the electrical sys-

tem prototype, the wall level was the lowest level dis-

played. The architectural design system actually took

account of the level display parameter and created the

display file for the building. The display file was

communicated to the electrical prototype by puttinq it

in a storage array which was common to both the electrical

and architectural systems. As well, a parameter whic4 held
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the value of an index to the end of the display file was

passed in common storage.

The command to the architectural design system tc

create the building display file is sent from the

electrical system. In addition to the level display

parameter', th6 architectural system display routine is

made aware of several other display parameters.

There are nine display parameters used by the

architecture modeling scheme as shown by Carr in (1).

They are translation in X, Y, and Z, rotation in X, Y,

and Z, and scaling in X, Y, and Z. Two of these para-

meters are set in the electrical subsystem to cause the

necessary plan view of the building to appear at a

particular scale. The plan view was actually produced

by rotating a building without a roof around its own X-

axis. This was done by setting the parameter TRX to -90

degrees.

A thorough discussion of the way coordinates are

represented is necessary before the electrical scaling

requirements can be explained.

The architectural design system r-cords dimensions

relative to each node in the tree structure model of a

building. That means that, for example, each wall is

dimensioned relative to its own coordinate system. If

the wall is made a part of a room, then the wall coord-

inate system is related to the room coordinate system by
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Thin operation is shown in the fo) lowing diaeram.
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the nine parameters - tr(ns.dtion, rotation, and scaling

in X, Y, and Z. In the same way the room is related to

the building coordinate system. The values of building

coordinates are determined by the following formula: B
inches

scope units = A feet x K where K = 12 1 x 100foot
raster Roints = 1200scope units The value of "A" above

inch foot T

is expressed in feet in the building coordinate system.

Then, considering only two dimensions and XR and YR stored

with values determined by the above, the following equations

give screen coordinate values (all values in the positive

X and Y quandrant):

VTZ x 1200 +T
=LL(XR - 256)/ 2000 +1 + 256 2S= ~x•- •6•/. TZ x 1200

= VJ-z- 25 6VZox200 + 1)1 + 256 2,
S LR 2000J

Basically the equation is simply a building coordinate

system value multiplied by a scale factor to give a

screen coordinate value. The use of "256" and the factor

"2" are necessary to provide bias for a hidden line and

perspective algorithm and are dealt with in (1).

The scale factor is related to the distance of the

viewer from the view:.ng plane (£YP•.) an-1 the parameter

VTZ which indicates a translation along the Z-axis of the

building coordinate system. The formula is

S.F. VTZ x 1200 For purposes of this discussionEYPDIS
the eye-point distance is constant at 2000 scope units.

In the general architecture design system the user may
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zoom in and out arbi-trarily. However, in the electrical

design prototype, it was adequate to cause ob3ects to

appear at the traditional scales of 1/4, 1/8, and 1/16.

At these scales one inch on the screen equals four, eight,

and sixteen feet, respectively, in the building coordinate

system. To produce these scales, VT? must be 80, 160, and

320 feet. The value of VTZ is the second narameter suppli-

ed to the architecture display ioutine for the initial

display (160 or 1/8 scaLc) and for every :caie change.

At the scales of 1,-/, 1,8, and 1/J6, the screen can accom-

modate objects of 4A, 90, and 160 feet.

There are two types of displays presented by the

electr;- 1 design system. One type -:nolves the display

of the building plan and electrical system symbols. The

other type involves no reference at alL to t-he building

plan but is one of several local displays. To conserve

storage area when the electrical and architectural proto-

types were in computer core memory, a common display file

storage area was used. This resulted in the following

strategy concerning display file creation and execution.

When the electrical prototype had to create a Local

display, such as the display of symbols available, the

common storage area for the display file was used in the

normal fashion. In this case the display file would be

declared, initiated, created, and executed entirely within

electrical. However, when a display was to be composed of
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the building plan, in part, a different approach was taken.

The display file was declared in- the architecture prototype,

initialized, and filled with the commands necessary to dis-

play the building plan. The display file index is also Jr.

common, thereby enabling the electrical system to record the

amount of display file used for the building plan. This

much of the display file is executed when electrical is

first entered to display only the plan. After thia, the

electrical symbols are added to the display file beyond that

storage used to display the plan. As symbols are added, mov-

ed, or deleted, only that part of the display file referring

to them need be re-created. Using this strategy, the display

could be changed very rapidly and without any annoying flash-

ing or flickering. A very annoying flash is apparent if, in-

stead, the whole display is re-created. In this case, of

course, the not-so-small job of re-creating the building plan

from the tree structure model is necessary.

Strictly for economy of storage, it was necessary

to consolidate common storage areas within the electrical

prototype and place them in storage already reserved by

the architectural prototype. It turned out that much of

the storage reserved by architectural was available to

electrical because the function it was provided for was

not needed. The most noteworthy case was the hidden line-

half tone function. Not using this function provided a

large amount of otherwise unused space to the electrical

system.
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Data Structuring and Storage

The electrical prototype used both local, temporary

storage areas and also the more permanent type provided

by the architecture system. The information concerning

the attributes of the fixtures was stored as a block in

the permanent hashed storage space. Information des-

cribing the position, class, and type of fixtures was

stored in local storage and, as well, was attached to

the tree structure model of the building to which they

were added.

The attributes of a fixture required 48 words of

storage to hold the information related to the eight

attribute categories. The storage arrangement is depict-

ed in the following diagram. The single letters are $inq16

storage words and the others are arrays as indicated.

ATTRIBUTES - STORAGE

50-WORD
BLOCK

VOLTAGE V

CURRENT U

MANUFACTURER M(10)

TYPE T(10)

MODEL D(10) I
MOUNTING HEIGHT H to

"• - ~COLOR C( I0 ) DS

COST A
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For display purposes, the eight storage areas are sepa-

rately passed to display routines by the use of the

special purpose language, Graphics Fortran. They are also

arranged in 48 consecutive array locations and are stored

in the hash storage space as a 50-word block. The block

is stored according to a hash address which is specified

by the following expression. The expression is similar

to one from the Leap Language (7) and is processed by

Graphics Fortran. The expression used is "MAKE 'ATTRIB'*

SYMNAM = [50] BLOCK". The hash address generator uses

the literal ATTRIB, the value of the fixture or symbol

name, and the value of the first word of BLOCK determine

an address.

When a symbol is added to the building plan, a

new five item entry is made to an array in the electrical

system. The entry is depicted in the following illustration:

SYMBOL TABLE 'SYMBOL'

NEW X

NEW Y

SYMBOL TYPE

SYMBOL NAME

BRANCH NAME
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NEWX and NEWY are the coordinates of the fixture in the

building coordinate system. The next entry SYMBOL TYPE

describes the class of fixtuze used. This is used to

determine which symbol should be displayed. The SYMBOL

NAME refers to the class and, more specifically, the

actual fixture within the class us(d.

As well as this entry per fixture, another is made

into the hashed storage area. When the program determined

which wall of the building the fixture was to be attached to,

it stored the name of that wall in WALNAM. This value, to-

gether with the value of the name of the fixture SYMNAM and

the literal SYMBOL, are combined in the association: MAKE

BN [BRN] 'SYMBOL'*WALNAM = SYMNAM. The effect of this state-

mert. is to attach a new fixture given by SYMNAM to the wall

node WALNAM in the building tree structure. The number ident-

ifying this branch on the wall node is returned into BRN. The

value, ol' BRN is stored, right justified., into the variable

BRANAM. The literal 'SYSP' is already there left justified.

The cofapoaite might then be 'SYSPO3'. The coordinates NEWX

andI NEWN are transferred into the two position array POST.

The association "MAKE BRANAM *WALNAM = [2] POST is then

usedI •t store the coordinates away in the hashed storage

space. The use of the branch number provides for uniquely

identifying multiple instances of the same fixture on

one wall. As shown in a previous diagram, BRANAM is

"also, stored as the fifth entity in a symbol table entry.

U÷ ........ A ~ A~A~'A
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Here it is avai'.able should a symbol be moved or deleted.

When the program determines which symbol is meant to be

moved or deleted, which wall it is attached to (the same

routine is used to determine the wall when the symbol1s

first placed), this, together with identifying the branch

number from the symbol table is used to make the appro-

priate correction in the hash area. For example, the

association concerning the fixture coordinates can be

broken using the expression - "BREAK SYMBOL(I,5)

*WALNAM - "' This means "destroy the association with

the branch name contained in SYMBOL(I,5) and wall name

contained in WALNAM, regardless of the value of the tri-

ple, represented by the ?".

To delete a fixture, the BRANAM must be referred to

again. The procedure for removing the coordinates is

exactly the same as described for MOVE above. However,

the reference to the fixture attached at the wall node

must also be removed. Here only the part of BRANAM con-

taining the branch number is used. The 'SYSP' part is

discarded. When the branch number has been stored into

BRN, this expression is used: "BREAK BN [BRN] 'SYMBOL'

* WALNAM = ?". Again, there may be multiple instances

of this fixture on this wall but the only reference de-

stroyed will be the one whose branch number is given by

BRN.
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It might be well to reflect briefly on the pro-

cedure used to determine which wall a fixture should be

attached to. The actual scope coordinates of the point

where the user is indicating he wishes to place a fix-

ture are converted to building system coordinates. They

are'then used by a function which determines their prox,

imity to the .walls of the building plan. The name and

centerline end point coordinates of each wall are already

available in a table described earlier. The proximity

function works as follows: an imaginary ellipse is

created around each wall, in turn, where the majoz axis

of the ellipse is coincident with the center line of the

wall and the minor axis is some fraction of the major.

The proximity function returns a true value when the

point being tested lies within the area of the ellipse.

The allipse was used rather than a rectangle, for example,

to reduce the ambiguity where two walls interact at one

end of each. The rectangles would overlap each other to

some extent where the walls intersect and thus provide an

ambiguous situation with respect to which wall the user

intended. On the other hand, two ellipses have very little

in common at the point where the walls intersect.

The Use of Special Purpose Languages

The electrical disign system prototype relied al-

most entirely upon the graphics software interface des-
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cribed in references (2) and (3). These sources des-

cribe a set of Fortran callable subroutines and functions

useful for producing graphics on the Utah graphics con-

sole. Also outlined are procedures for handling inter-

actions from the teletype and Sylvania tablet and proced-

ures for integrating variables from the teletype.

In addition to these a specific special purpose

language was used. The language is entitled, "Graphics

Fortran." It has several applications in relation to the

electrical system.

The first use of Graphics Fortran occurred within

the process of displaying alpha-numeric S after they were

typed in through the teletype. This; data represented

the values of the fixture attributes. The names of the

attributes were already displayed on the screen and thq

values were then added as they were typed. Certain lan-

guage constructs were provided to pass the data to the

display screen in a pre-set format. The data could be

of integer, real, or alphabetic type, Display format

is easily arranged and changed.

Graphics Fortran also processed the Leap like

associated data statements used in the electrical design

system. With these associative triple statements, the

electrical system structured and stored information into

a hashed storage area. The amount of storage used depended

upon the ways in which the associative triple was to be
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retriqvedc Th•e..pso could 4eclare which dr'ziI" of the

Loiitbinations of the attribute,, object, and value were

used to arrive at hash addtresses. Another useful feature

enabled thet.storage and ret.rg.val .of, arrays 'of' torage,

It is important to note that.Graphiebs bttraW•'as

very evol.utionary in that changes$-could veadillf be made

to its compiler to reflect uaer demands. The cmi1r

was one automatically generated usinq the Tree Meta doi--

plier building system (8).

-- -
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EDS2
LIST CODE
INCLUDE DSPRMSPLIST
INCLUDE EDSPRMP LIST
IMPLICIT INTEGEt(A-Z)
i14TEGER POST(3)
COMMON/EDSPOS/POST
COMMON/EDSSYM/SYMNUMeSYMBOL CNUMSYMe5) ,TEMP CNUMSYM.3) gNEW~#

C SYMNAMPuWALLST#.WTPIPNEWY
COMMON/EDSDAT/WALNAM ,KKKPeBRN eBRANAM
COMMON/EDSSCL/K
REAL VTXPVTYVTZtVRXtVRYPVRZPVSXPVSYtVSZ
COMMON /VP/VTX, vTyVTZVRXPVRYtVRZtVSXVSYVSZ
INTEGER WTPI#,WALLST (5 ,WTPL)
REAL RWALLT(5tWTPL)
EOUI VALENCE C WALLST ,RWALLT)
COMMOI1/EDSATB/VUM(10) eTCO) D(10) ,HeC(IO) ,AICHARATT
COMMON/EDSNME/TYPE (50,3) .MAP(50) ePICK
COMMON/EW5L8T/LFLAQ
INTEGER &JFV(OFVL) tOFVPtDFVF
INTEGER DFB (DFBLPWPN)
COMMON /DF/DFV ,DF8 OF VPDFVF
NAMELIST/AGAIN/CMeCOICSRETURNDCSYMNAMtBRANAMNEWXCNEWY
NAMELIST/VIEW/FtESIXIWALNAMtWALLSTtRWALLTtVTXPVTZt~VTYeWTPI
NAMEL IST/bACK/R
NAMELIST/RESET/RS
NA'4FLIST/ABORT/STOP
SE6I.1ENT ENTRY 9
ALLOw 0
CALL INOUTM
CALL MARGN(0)
CALL ORG(0e0)
CALL SWPCHRC'Zi)
CALL TABA8L
CALL TABTOL(IO)
CiLL INTEN(2)
CALL NAMELD
CALL OZZ20
CALL LCHAR
CALL wALCRD
LFLA6 0
CT 0o*
VTZ 160.0
VTY :0.0
VTX 0.0
SYMNUM =0
XSCALE =0
ATTR =0
MODE = 0
YSCALE =0
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K :

C ------ THE U3EGG1Nt4ING OF THE PROGRAM ----.-----------
C***** DISPLAY MODE NAMES ***********

2 CALL SETL)F(DFVeL)FVP)
CALL GRIDLN
CALL ORGRID
CALL WRITAT(280,900tlTHE ELECTRICAL DESIGN SYSTEMA')
CALL WRITAT(6L48e676e 'LIGHTINGA')
CALL WRITAT(6'48t61440POWERA')
CALL WRITAT(6'4bt6120 SERVICEat)
CALL WRITAT(648e 580, 'CIRCUITINGA')
CALL SENDFj
CALL TA8INT(l#$1O)
CALL CHRINT(lts8)
CALL SETLST
READ (SiABORT )
CALL JUMPSC'ABORT' ,s800)

6 CALL IDLE
:ALL SWAP

630 TO 6
8 CALL 7TY

GO TO 6
1.0 CALL GETTAB(IXtIYPIZ)
C*Es~s IFCIZ) 6t6tl5
C*** CHECK WHICH MODE WAS SELECTED BY STYLUS **

15 CALL LITEBT(600p668t775#700vIX#IY)
IF(LFLA6 *EQ. 1) Go To 20
CALL LITEBT(600p636v775#668tIXpIY)
1FCLFLAG *EQ. 1) GO TO 21
CALL LITEBT(600t604#775#636tIXrIY)
IF(LFLAG ,EQe'1) GO TO 22
CALL LITEBT(600t572p775t604tIXtIY)
IF(LFLAG oEQ, 1) GO TO 23
GO TO 900

C****** TRANSFER TO APPROIATE MODE ~***
.20 MODE 1

6O TO 1505
21 MODE 2

GO TO 85
22 MODE = 3

GO To 1280
23 MODE =4

GO TO 110

C*****s**** THE POSER MODE ***********
85 ATTR =0

C***** DISPLAY POWER SYMBOLS ************
CALL SETOF (DFVPDFVP)

86 CONTINUt
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PAkT
CALL poit6H
CALL POwsy;J
CALL LChAR
CALL WH1TATUO,,u, 'ATT~i81UTLSA#)
CALL $LN;VF

140?, CALL TA8IhT(±,ivl.L,)

CALL SETLS1
KEAD(brAGA114)
CALL OUM1PS(9AGAUJ9,esP$9

90,$ 9 5oP$OOSoollj.o)
CALL Si.TLST
t*EAD (btRESET)
CALL wUIMPS0R'ESLr? e$1447)

1400 CALL IOL)L
CALL ý,WAP
tvO To 140U

1405 CALL fTY
(,O To 14UU

,t410 CALL b2LTTAb(XXPYYZZ)
IUZ~) l4('bt14U0p1420C******** DETE~cNINL W~HICH SYMBOL WAtS SELECTED ******1420 i.HECt( =1
uCG 144.0 LU =tb7U,u4bt-~32

UPY ZLb + 10
'CALL LlT~bT(0a~,,LYr655vupyvXXvYY)
iF(LFL.A6. oEw 1) UQi TO 1445
CHECK =CHECK + I14,30 COiNTIIJUL

LY LLU - 1
LJHY =Lb + 1,
CALL LITt~S1(o4UtLYt6*5,I),YvXX#YY)
IF(LFLAG -EQ. 1) Go TO 1445
C~hECK =CHLCK + I1440 (.GNTT1WuE
ti,C Tv 14~

1445 P~ICK =CHE~CK
CPLL ATTNAM

1447 CILL ýýEuFWFV~uFvP)
C****.****** C5TAbLJ,->t- SYS111L. PNANE ANJD ATTRIj3UTES ****144,c CALL Ar1Hh.u

CALL SLtNOF
CALL 1i4PUI"(3j.49u, P1448)

1490) If (Cr EJ i) (,U Tv ý6u
oc Tv 1uup1495 U/LL zETL~UF(FFv~tp')LALL ;,RlTAT(22*p.30,9(W SYN4.OL WAS FOUNDAI)
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CAILL *qk IThI 1( 6 # P'~LEA$ TKY A6AliNa 9
Ci, T;) a6

C H.~Evc.-u: *****************TLýEVCE'!tf*
1280 kTTH =u

C****** LJISPLAY SERVICL SYOEUQLS ********
CALL SETujFWUFV#.FvP)

12.90 CONT Ij uE~
P~ART =
CALL SEHVCE.
CALL SERSYM
CALL wITAT(,U#:0p'ATTR16EUTESa,)
(-ALL SLiquF
CALL TrAB I NT (1p$,51± J)
CALL CHI-ftIjT(lps1305)
CALL SE.TLST

(-ALL o~4S*t;ito~-tb9i,5#60$10
1300 CALL IDLE

CALL SWAP
GO io 14~uo

1305 CALL IHY
SO TO 13uu

1310 CAL..L GE'JTAb(AXtYYFZZ)
£P(ZZ) 13JU,13u0v±,32uC****** utTERMIN~E WhICH SYu1:3OL WiAS SELECTELJ ****E**

1320 4-EC = 22
Lit 1-3.j3 1-1: Up4op3

LY Lb - 16
LJPY Lb + 1%)
CALL L1ThCtjf (IQ9L,,LY#72ý,UPYFXXtYY)
If LFLA-CJ .t.. 1) Gcj To 1335
LiIEC,ý Z CH-E.CK + I

133:1 %CCN~TIflUL
60 TO 1395

13535 e-ICK = CHLCr(
C*******~**** Lý)TABjLISH S1'%bOL NAME. AND ATTRIBUTES ****

CALL ArTT4AM
CALL GEIVAL

1347 CALL bErLFcc(6LFVtvP)
1348 CALL ATTRIBi

CALL ýýNDF
130 'CALL ±w4Pur($39jplu348)
1390 iF(CT E~,) 1) GO 10 260
135 GO TO IOU

1,,45 CALL SE.TDF(VFVPOFVP)
CALL WRITsT(eabv6L;,'gJO SYr-ICOL WAS FOUNOV&)CALL WHITAT(245#5PIPLEASE. TRY AGAIial)
Go Tu 1291
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C -- -- C11RCUIT114u t, bELE'%.TLU - - -- - - -- - - -
110 CALL SET~r(LF~JUFVP)

wALL wIRITAT(.28ijp9'j,U0 TlE. ELECTRICAL DESIGN SYSTEMA')
CALL WRITAT(6469b76PIL~blITIIGAI)
CALL wR1IMT(b483Pb'#'IePOWvLRtf)
CALL wRITA.T(b48blplSLRVIC.La')
CALL INtTEN(U)
(CALL POS(500,566)
CALL VEC(boutjob)
CALL iNTEN ()
(,ALL VEC(b~o#!)94)
CALL i'OS(600#!5ob)
LAiLL VEC(b7bP5b'.)
CALL I~iTtiq (a)
CALL 11 TmT p o(, i p , C I hCk;ITlt4G&>
CkLL Idir4U
CALL SETLbl
RLAD(e6pAGiis0
CALL ~JUM-PS(IAGAi,4',?-$b99Ut$950P$800,S1150)"-
CALL emkIl1iftlesle-L()

S115 CALL 13LE
LALL ShAAF
GO TO) 115

.120 CALL TTY
GO TO 115

C********* THE LIGHtT MODOE ***********
1505 ATTR -u

PAkT I
C*s*****s DISIPLAV LIGIIIING SYMBOLS *****

CALL SETDF(0FV#DFVP)
1507 CONTINUE

CALL LIG~HT
CALL LITSYtA
CALL WRITAT(5O,5U.'ATTR1LBUTESA')
CALL LCHARi
LALL SF-IIDF
CALL 1AB1NT(1,$1ý)10)
CALL ANT115)
CALL SE.TLST

CALL JUiMPS)('AGAIN'et$2,$9'0e1*bOuldOOtS1150)
ib00 CALL IULE

CALL SWAP
G(. To 1500

1502 CALL -(TY
GO To 15uu

1510 CALL GETTAb(AA#YY#Zi.~)
IF(ZZ) 15U00,1uUp152U
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lb2o CHECK 31
uO 1525 Lb = 7b4po3 6 #- 3 2
LY Lo - l1
uPY LB + lo
CALL LITEbT(55brLYO65pUPYvXXPYY)
LF(LFLAG oLQ, 1) Go TO 1540
CHECK = CHLCK + 1

1525 CONTINUE
DO 1530 LB = 700t636t-32
LY L6 - 16
UPY LB + 1l
CALL LITEd1(515,LYp54#,•JPYpXXtYY)
IF(LFLAG hEQ* 1) G0 TO 1540
CHECK = CHECK + 1

1530 CONTINUE
CHECK = 9
00 1535 LB = 559#175P-32
LY = Ld - 16
UPY = LB + 16
CALL LITEdT(550#LYt590PUPYPXXPYY)
IF(LFLAG .EQ, 1) GO TO 1540
CHECK = CHECK + 1

1535 CONTINUE
GO TO 1595

1540 PICK = CHECK
C********i** ESTABLISH SYMBOL NAME AND ATTRIBUTES ********

CALL ATTNAM
CALL GETVAL

1547 CALL SETDF(UFVPUFVP)
1548 CALL ATTRIB

CALL SENOF
CALL INPUT($1590,S1548)

1595 CALL SETOF(OFV#DFVP)
CALL wRITAT(225930#'NO SYMBOL WAS FOUNDat)
CALL WRITAT(225#5,'PLEASE TRY AGAINA')
60 TO 1507

1590 IF(CT .EQ. 1) GO TO 260
C**** BUILDING THE GRID *************************
100 CONTINUE

MARK i 1
105 CONTINUE
C******* DISPLAY THE BUILL,,ING PLAN FROM TREE **********

CALL HOUSE
CALL GRIDLN
CALL DRGRID
CALL PLACE
CALL REGEN
CALL MESA6E
CALL bENDF
CT=±
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* ~~~Cs**. PLACIN~G THE SYMBOLS *********~#*
500 CALL TABINT(I#$51O)

CALL CHRINT(1.S507)
CALL SE.TLSI
P.EAO(5tAGAIN)
CALL JUMPS('AGAIN',S2.5990,i950P$800,S1150)
CALL SETLST
REAO(5e VIEW)
CALL .JUMPSC'VICW',Sl0oOOSlOO5oSlO1O)

505 CALL IDLE
C.ALL SOAP
GG TO 505

507 CALL TTY
UO TO 505

510 CALL 6ETTABCIXoIYPIZ)
IF(IZ) 505P505#520

520 CALL LITEBTCOpi0OO,1024v1024,IXtIY)
IF(LFLAG *EQ. 1) Go TO 245
CALL LITEBT(Gp4IepISO.75vIX#XY)
IF(LFLAG .EO. 1) 60 70 530
CALL LITE8TCO,1~p50pO,4O'IAt1Y)
IFCLFLAG EQ, 1) Go TO 700
GO To 975

245 CALL GRIOPTCLXPVr)
C****** ATTACH SYMBOL NAME WITH ATTF~ISUTE OF 'SYMBOLf AND OBJECT OF WALL. NAME

MAKE BNC BRNJ. 'SYMBOL' *WALNAM=SYMNAN:
CALL BRANH
SYMNUm= SYMNUM + 1

C*.*** PUT SYMBOL COORDINATES IN ARRAY 'SYMBOL' t
2b5 SYMBOL(SYr4NUMPI) =NEWX

SYMBOL(SYMNUM#2) =NEWY
IND =MAP(PICi()
NEWPIC =TYPECINO.3)

C*s****..** PUT SYMBOL TYPE #INSTANCE tNAMEVAND BRA14CH NAME IN 'SYMBOL' *
SYMBOL(SYMNUM#3) =NEWPIC
SYMBOL CSY?*IUMo') =SYM'NAM
SYMBOL(SYMNUu,5) =BRANA14
POSTCI) =NEWX
POST(2) =NEWT
POST(3) =NEWPIC

C$***** brORE COOROINATES WITH ATTRIBUTE OF BRANCH NAME AND OBJECT OF WALL NAME
MAKE BRANAM*WALNAM=L2a3POST

260 CO1NTINUE
265 CALL fHOUSE
266 CALL DRGRlD

CALL mESAGE
CALL PLACE
CALL REGEN
CALL WRITAT(50,50,'MOVEc.')
CALL WRITAT(50t2O.'DELETEA')
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CALL bLNiJI
M'ARK=2
60 TO 500

C**** THE MOVE PART ***********
530 CONTINLE

CA~LL HOUSE
5.32 CAL'. WI~1TATtb0rbO,'M-UVEl)

LA eiRIrAT(50#20, 'DELETEa')
CAUl . EN (O)

Z./LL i7C(125o56)
CALL ve~C(137t6l)
CALL FOS(125,b5z)
CALL VEC(137o51)
CALL INTEN(2)
CALL DRGRID
CALL MESAGE
CALL REGEN
CALL SENDF
IF(FORK .EGe 1) GO TO 560
IF(BRANCH *EQ* 1) 60O TO 560

C*** DETERMINE WHICH SYMbOL WAS SELECTED***
FORK =0
MARK = 3
CALL TABI14T(ltsb50)

* CALL CHRINT(UPS545)
CALL SETLST
READ (5. AGAIN)

* CALL JUMPSC'AGA1LN',s2,s990,S950,$800,Sll50)
540 CALL IO)LE

CALL 6WAP
60 TO 540

545 CALL TTY
G0 TO 540

550 CALL GETTAB(PXPPYtPZ),
IF(PZ) 540,540,560

C***** DETERM1r4E WHERE THE SYMBOL IS TO BE MOVED TO*****
560 BRANCh =

CALL TAI3INTUP$~600)

GO TO 590
600 CALL GETTAB(IXPIY.,IZ)

IF(IL) 590r590r610
610 IF(FORK *EQ. 1) GO TO 612

CALL t2RIDPt(PX#PY)
WALNOD =*ALPIAM
PY =NEW"'
PX =NEWX

CALL WHICH(PXvPYrS630vNUM)
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612 CALL LITEEST(0r0,1024v75#IXlY)
IF(LFLAG2 *EQ. 1) GO TO 1100
CALL GRIDPT(IXtIY)
SYMBOL(NUMfl) =NEWX
SYMBOL(NUM#Z2J NEwJY

C****,S' DESTROY OLD COURUIN~ATES IN DATA BASE **
BREAK SYMf3UL(NUMp5) *WALNOD=?
POSTWl NEWX
P057 (2) =NEWY'I ~C***** STORE NEW COORDINATES ****
MAKE SYMBOL (NU~i,5) *WALNOU=E?.3POST

615 CONTINUE
CALL i OUSE:
CALL uRGRiD
CALL MESAGE
CALL WRITAT(bUp!)UpfMOVE~v)
CALL WRITAT (5OUŽ0, 'DELETEa')
CALL PLACE
CALL REGEN
CALL SENOF
MARK =2
BRANCH = 0
GO TO 500

C***** SUBi-,OUr±NL 4VHICti UlD NOT'FIND A SYMbOL *****q***
630 CALL h IOUSE.

CALL WRlTAT(eabr3U,'vN !ýYMBOL WAS FOUNDA')
CALL WRITAT(425P5p'PLEASE TRY AGAINA')
BRANCHi u
IvO TO 532

C**s***** THE QELETL. COMM~ANG ***********
700 CONTIN1UE.

702 tJ.LL ORG~lL,
L.ALL MESAGL
CALL WRlTAT(50#5Up'MOIEAf)
CALL WRITAT(520PIt DELETEAO)
CALL 1I4TEN(0)
CALL P05(140#26)
CALL vEC(14pe~b)
CALL VEC(152..31)
CALL POS(1'fO,2b)
CALL VkiC(lb2ta1)

CALL INTEN(2)

CALL REGEN
C******* DETElirMINE WNIC.,. SYMbOL IS TO BE UELETED******+**#

MARK 4

705 CALL TABINT(!#.$720)
CALL CHRINT(.,s715)

4
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CALL SETLST
F&AD(5#AGAIN)
CALL JMt'PS('AGAiN',9$2,t$99O,51950,5800,Sll5O)
CALL bETLST
READ(;,PVI~w)
CALL ~JUMPb('tdIEWfps10oes1O05tS1O10)

710 CALL IDLE
CALL SWAP
Go TO 710

715 CALL TTY
60D TO 710

720 CALL GETTA8(DXPDYtDZ)
1FCDZ) 71uP710,730

730 CALL sR'DPT(0X#DY)
3X= iNEWX
uY =NEWY
CALL WHICH(0X#DYt$760#BOXNJUM)
XBOX = OXNUj1

C******* RETRIEVE bRANCH NSUMBER ***
5FcN =SYMbOL(5tX8OX)

C****** DESTROY ASSOCIATION4S TO SYMBOL bEING DELETED
BREAK BNC8RNJ tSYMbOLl*WALNAM=?
COUNT =
IF(SYMNUM .EQ* 1) GO TO 750
IFCXdOX *NE* SYMNUM) GO TO 735
SYMNUM =SYMNUM -1

GO TO 745
735 SYMNU1~j SYMNUM -1

C****** oELETL- THIE SYMBOL AND RE-ORDER $SYMBOL' ***3ý
uO 7'40 SORT =XBOX#SYMNUM
SYr4BOL(SORTrl) =SYMBOL(SORT+pld)
SYMBOL(SORTPZ) =SYMi3OL(SORT+1#2)
SYMBOL(SORTra) =SYMBOL(SORT+1#3)

740 SYMBOL(SORTr4) =SYMBOL(SORT+1#4)
740, SYMBO"(SORTr5) = SY.14OL(S0RT+1r5)

745 CONTINUE
*CALL mOUSE

CALL ORGRID
CAL'l mESAGE.
CALL WkUTAT(5.j050tlMOVEAl)
CALL, WFITAT(50,t0, 'DELETEa')
CALL PLACL
CALL ReGEN
CALL SENOF
MARK =5
~o TO 7U5

750 %YMflur4= 0
MARK =2
60 TO 500

CS***.** STYLUS WAS NOT POINTING AT A SYMBOL TO BE DELETED***



760 iF(COONi'T *Ei3. u) GO TO 765
IX =ý

GO TO 5Zi3
765 CALL H-OUSE

CALL 4HITAT(225p3Opf'NO SYMbOL WAS FOUNDA#)
CALL WRlTAT(2Z)5r5#fLEASE TRY AGAINA')
Go TO 702

900 CALL SETLST
READ(5tBACK)
CALL ~UMPS(f'BACK'v#$2)
CALL SETOF(DFVLJFVP)
CALL WRITATC272#500,'TRACKING CROSS OUT OF BOUNOSA')
CALL wRITAT(272#46C,'TYPEr AN URA TO RETURNA')
CA~LL SENOF
CALL C-HNINT(Lp$905)

910 CALL IDLE
CALL SWAP
6O TO 910

V-05 CALL TTY
G(- To 910

950 GU TO (1505f8SP126U)PPART
975 CALL SETOF{CjFVOFVP)

CALL riOUSE
CALL WRITAT(225r3OPOTHIS IS A RESTRICTED AREAA')
CALL wRITAT(225p5,'PLEAS5. TRY AGAIN~t)
GO TO 266

990 CT =0
00 995 IGA =1PSYmNUM
S*,MBOL(lGApl) U
SYMBO&L(IGAP2) i
SYMBOL(IGA,.3) =0

995 C.ONTIIijUE
SYMNLJm= 0
GO TO 2

C --- K IS THE SCALE PARi IvATER ------
1000 K =

VTZ = 8U.tJ

VY=0.0

GO TO (100P260e530#70007d5)PIMARK
1005 K =8

VTZ =16090
vi1X = 0.0
VTY =0.0
GO TO (l00o260?53Gv700,745)#MARK
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101fl K' 16
VTZ = 3z0.0

vTX 9.0
vTY =U.0
00 TO (1OIUe26O*b')U*?UO#74b)vMARK

1100 CALL HOUSE
CALL wRirATC225riOr'SYMbOL CANNOT BE MOVED TO A RESTRICTED At)
CALL wRITAT(855v3UtfAREAaf)
CALL WRITAT(225*5,'PLEASE TRY ANOTHER LOCATIONAI)
FORK z1
GO TO 532

1150 CALL RESrORt
MARK =2
BRANCii =U
GO TO 500

800 LONTIzjUE
CALL SETOFWUFVPDFVP)
CALL SENOF
SEGMENT RETURN
END

ATTRId
C***,** FORMATS FIXED ANU VARIABLE INFORMATION **
C ,FOR FIXTURL ATTRIBUTES -- PAX#PAY ARE COORUINATES OF
C UPRER LEFTY Coxi4ER OF BLOCK DISPLAY INFO**

SUBROUTINE ATTRId
LIST OFF

INCLUDE EuSPRMPLIST
IMPLICIT INTEGERtB-Z)
CCMMON/EDSSYA/SYMNUMSYMBOL(NUMSYMt5) .TEMP(NUMSYM.3) eNEWXP

I4EWY#SYrINAM#WALLSTtWTPl
C('MMONi/EDSP EU/V,0.Nt4(I) T(1O~ ,D(10) eHpC(103 ,AICHARATT
PAX = 5
P~AY = 16
CALL WRITAT(50,2000 CONTINUEst)
CALL WRITATC25#700PITHESE ARE THE ATTRIbUTES OF&')
PIC~TURE FORM AT 75.675

NSYMNAMN
PICTURL FURm END
PICTURE FORM AT PAXPPAY

VOLTAGE ;?'V? VOLTS

CURRENI :?U? AMPS

MANUFACTUER :UM(1)"9M(2)o#*M(3)##M(4)ieuM(5)e

TYE:9T(U)A~T(2)T(3)#T(4)##T(5)a

MODEL aC)( D()u() D5)
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MOUNTING HEIGHT:?H?

COLOR :#C•l|4Ct2).•C(3)411(4)4#C(5)#

COST :S&2pAd
PICTURE FORM ENO
RETURN
END

SERVCE
C***** FORMAT FOR NAMES OF SERVICE SYMBOLS *

SUBROUTINE SERVCE
LIST OFF
INCLUDE EDSPRM# LIST
INTEGER PSLX#PSEY
COMMON/EDSSYM/SYMNUMSYMdOL(NUMSYM,5)eTEMPtNUMSYM.3) NEWX.

* NEWYSYMNAMPWALLSTwTPI
PSEX = 766
PSEY = 700
CALL WRITAT(328#925p'-- THE SERVICE SYMdOLS --at)
CALL wRITAT(74b#75U,'SPECIAL DEVICES&t)
PICTURE FORM AT PSEXePSEY

GENERATOR

MOTOR

METER

THERMOSTAT

ANTICIPATOR

PANEL

CONTROL PANEL

DISCONNECT

TRANSFORMLR
PICTURE FORM END
RETURN
END

POWER
C**.*** FORMATS NAMES OF POWER SYMBOLS *c*

S StI3ROUTINE PONER
LIST OFF
INCLUDE EUSPRMe LIST
INTEGER PSWXPPSwY#PPXPPPY

~-.--
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LOMM0,N/EOSSYM/5YMN UltSYMBOL(NUMSYMP5) PI.4P(NUMSYM#3) tNZWXt
NEWYtSYMNAM#WALLSTtWTPI

PSWX = 700
PSWY z 550
PPX = 700
PPY = 868
CALL WRITAT(02509500-- THE POWER SYMBOLS --at)
CALL wRITAT(625,918geCONVENIENCE OUTLETSav)
PICTURE FORM AT PPXPPPY

TWO WIRE

WEATHERPROOF

EXPLOSIONUPROOF

6ROUNDED

CLOCK

THRF- WiRE

SPECIAL PURPOSE

FLOOR
PICTURE FORM ENu
CALL WRITAT(660,600, SWITCHESA')
PICTURE FORM AT PSWXPPSWY

SINGLE POLE

DOUBLE POLE

THREE-WAY

FOUR-WAY

WEATHERPROOF

PILOT LIGHT

TWO-SPEED

THREE-SPEED

AUTOMATIC

W,'CONV. OUTLET

EXPLOSION PROOF

KEY OPERATED
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PHOTOCELL

PICTURE :ORM Er)
RETURN
END

LIGHT
C********** FORMATS THL TEXTUAL NAMES OF LIGHTING SYMBOLS ***

SUBROUTINE LIGHT
LIST OFF
INCLUDE EOSPRMR LIST
INTEGER PFXPPFY#PSXePSY
COr4MON/EDSSYM/SYMtNUMSYMOOL(NUMSYM,5) TEMP(NUMSYMP3) PNEWXi

SNEWY#SYMNAMPWALLSTPWTP1
PFX = 636
PFY = 757
PSX = 638
PSY = 550
CALL WRITAT(2750925'-- THE LIGHTING SYMBOLS -- t)
CALL WRITAT(590t8070 FIXTURES4')
PICTURE FORM AT PFXpPFY

SURFACE FLOURESCENT

RECESSED FLOURESCENT

SURFACE INCANDESCENT

RECESSED INCANDESCENT

PULL SWITCH
PICTURE FORN ENU
CALL WRITAT(59Qp60u##SwITChESAV)
PICTURE FORM AT PSXPPSY

SINGLE POLE

DOUBLE POLE

THREE-WAY

FOUR-WAY

WEATHERPRuOF

PALOT LIGHT

TWO-SPEEO

THREE-SPEED

bJ
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AU TOý. IIC

W:,CONY. OL!TL~r

EXPLOSIGtJ PXjOF

KEY fIPCNAlE0.

PmiO1 (,CELL

PICTURE FORM END
RETURN
END

; YPAITSUBROUTINL TYPAFT
LIST OFF

C****** STORES 50 WORD BLOCK OF ATTRIBUTE VALUJES *

INCLUD~E EOSPRM# LIST
INTEGER VPU#M#TtDtHCPA7T
COMMm'd/EDSSYi4/SYMNUM.SYMBOLCNUMSYMt5) ,TEe4PCNUMSYM,3) K',WX.NEvIY.,

C. SYMNAMPeWALLSTt*wTPI
COMMON/EOSATBfVUm(10),TCIO)eD(XIG) ,rIC(10)eAeICHAReArTT
IIJTEGL.R OATABL (50)
EGUIVALE.NCE(0AIAOLPOAAAT)
R4CAL OAAAT(bd))
ALLOWJ 0
OATAOLtl) = V
OATABL(2) =U
00 10 1 1.10
DATABL(I+2) =M(I)

IL0 CONTINUE
00 20 1 1.10

20 CONTINUE
DATABL(1*12) =T(I)
00 30) 1.10el
DATABL(1+22) = Ul)

50 CONTINUE
OATAUL(33) ;ý ti
DO 40 1=IP1.1
DATABL(I+33) =CCI)

40 CON7INUE
DAAAr(44) =A
BREAK 9ATTIR 8'*SYMNAM=?
*AAKE fATTRIBt*SYMNAM=C5O JOATABL
RETURN
END

TABW
SUBROUTINE rACy
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LIST SOURCL COU0E
C TABiLE A WA6L SPACEFORM

INCLULCE EiJSPRi~eLIST

1INTEGERt CNOUEPCLEVEL

CCOMMONI /APYTRU/CNOcJE PCLLV&LL

REAL U(3#4)
COMM014 /TNSMRX/U
INTEGER WALLST(5sWTPL)
REAL RWALLT(5,wTPL)
EQUIVALENCE (WALLSTPRWALLT)
ItNTE6LR WTPi
COMMON/EOSSYM/SYMNUM #SYMBOL (NUMSYMt 5) PTEMP(NUP4SYMP3) PNEWX#NIEWY*

C SYMNAMPWALLSTPWTPJ.
c

COMMON /ERR/IERR
IIITEGER IERR

C
REAL PA(60)
INTEGER IPA(60)
LOUIVALENCE (PAPIPA)
COMM0iq /PA/FA
REAL STXebTYPSTiSRXeSxYSR~tSSXeSSYtSSZ

* CQMMI 1v /STR/'STXPSTYSTZSNXSRYSRZSSXSSYSSZ
REAL DISPTI~uISPT3 (3) ,DISPT4(3)
CALL TYPOUT(' C6hCrNjO)E:,A6,2HUA) '.CNODE)
ALLOW 0
IF(*sTYPE'*CiiObE:'3,ALL9)6O TO 50

* RETURN
50 WTPI=WTP1+1

IF(WTPI.LE.WTPL)GO TO 200
C
C 11~0 MORE ROOM,

sTPI1wTPL
IERR:5
RETURN

C
2U0 lF(fSNDTYP'*C.,Z:ýr'STRM4)GO TO 205

CALL TYPOUTC'WALL IS NOT A PRIMATIVEn&')
RETURN

205 (60 JPA<=tSPHIM' *CNOOE=?
11 IPA(l)+4
I2ISPT3(I) =AI3S(PA(Il))*SSX
OISPT3(2)=O*0
DISPT3(3)=ABS(PA(Il+2) )*SSX
OISPT1=AMAX1(ABS(PA(Il ))*SSXPABS(PA(I1+2))*SSZ)
IF(OISP1.3(I) NE.UISPT1)OIS;T3Ul)0.0
IF(OISPT3(3) .NE.CASPTI)DISPT.5(3)0O.o
CALL APF'YHM(OISPT3pDISPT4)
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RWALLT(2#WTP1)=DISPT4t.ý)
RWALLTC3pWTPI)=OISPT4(3)
OISPT3(1)=-OISPT3(1)
OISPT3(3)=-DISPT3(3)
CALL APPYRM(OISPT3vDISPT'.)
RWALLT('.,WTPl)=DISPT4(1)
RWALLT (5. WTPI ) =ISPT'4(3)
WALLST(ilvdTPI)=CNOOE
PRINT RO00.(WALLST(IWTPl)I),1.5)

2000 FORMAT(1XrA6@4(1XpFXU.5))
RETURN
ENO

APYTRE
SUBiROUTINE~ APYTRE (TOPNODFNOOWNDFNUPiSTPCODeATTReVAL)
LIST SOURCE COOL

C APPLY A FUNCTION TO A TREE

C TOPNOD CONTAINS THE NAME OF THE TOP NODE OF THE TREE
C FN CONTAINS THE NAME OF THE FUNCTIONS TO BE CALLED AT EACH NODE
C STPCOD CONTAI1NS THE STSTOP CODE (I OR 2 PRESENTLY)
C

INTEGER TOPNODSTPCOOPATTRPVAL
EQUIVALENCE CATTRPLEVEL)

C
C

INCLUDE DSPRMi5v LIST
C
C
C

INTEGER IEAR
COMMON /ERR/IERR

C
REAL U(3.'4)
COMMON /TNSMRX/U

C
INTEGER NAMEl(WI'N)

C
REAL TXPTYeTZPHX#RYRZtSX#SY*SZ
COMMON /TR/TXPTYtTZPRXPRYPRZPSXPSYPSZ

C
REAL VTX.VTYVTZVRXVRYPVRZVSXPVSYVSZ
COMMON /VP/VTX. VTY ,VTZ, VRXeVRY.VRZ.VSX.VSY, VSZ
REAL STXSTY5,ST~ipSRX.SRYSRZSSXeSSYSSZ
COMMON /STR/STXSTY.STZSRXSRYtSRZPSSXSSYtSSZ

C
INTEGER TNME

C
C
C
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REAL TRS(9)
iwTEGER TRSNIAE.
COMMON /TRS/TRsNML#*Trkb

C

C RI-'EVANT LIATA WH1EN 'FN' 1S CALLED
ItITEGLR CLEVEL WCURRLNT LEVEL DURING TREE PROCESSING
COMMON /APYTRtD/TNMEPCLEVEL

C
C

1tNTEGtLR FN00WfAFNUP
C
C
C CHEC,( SIOP' COL)L VALIDITY

ALLOW 0
1F((SJPCOUEU.1).OR.*(STCOo.EQ.2))GO TO 100

C STOP CODE OUT OF RAN~GE
IERR=6
RETURN

C
C INITIALIZE THE TRAwSLATIQlb, ROTATION AND SCALING PARAMETERS
100 UC1#4):0

U(2e'i):0
U(3.'4):O
00 10 I~1e3
DO 10 J=1,j

10 CONTINUE
IERR:LI
TX 0.0*
TY =0.0
TZ = o.
RX=0.0

RZ:0.u
SSX~1

SSZ:1

CALL UPOiRM
C
C INITILALIZE THE TREE FOLLOW1ING STACK 4

NEXT NODE CURREN4T TOPNODP'sMBMRI
NEXT NODE DOWN BNlbNCL3NJTNME
IF(IBN.L(Q.0)(ý TU 20~40
NAMEI ( ) zTQPNO0

Ar CLEVEL:1
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1200 FLU (0 ,24TRSNME) b'4IIRS
FLD(2. 12,Tt~sNME)JiBI
E 9 JTX<=TRSv4d'E *NAME I (I1)=?
PHIIIT 3OO2,TXtYTd.,i(XRYoflZ.SXSYSZ

300? FO(AMATC1X#5ti3Oo2 t9F10.5)
CALL t.PDRM

C

C LXECUTE USER SPECIFIED FN AFTER GO'ING D04N TO THIS NODE
IF CFNOOWN*NE.0)CAL" FNDOWN

C
C TEST IF PRESENT NODE MEETS STOP CODE CONDITION

IF ((STPCOULhQ.I) .ANC..(LEvEL.EQ.CLEVEL) )6O TO 1699)
IFCSTPCOU.Nk..2)6O TO 1629
lF(ATTR*TNME=VAL)Go To 1699
GU TO 1629

C
C
1699 CONTINUE,

TNME:NAMEI Cl)
C ZERO BYTE ENDS PRI4ATIVE SF'ECIFICATIONi
1627 TX=-TX

TY:-TY
72=-TZ

* RX=-RX
RY=-RY
Rzz-Rz
CALL UPUR148B

1626 NEXT NODE UP=NAME1C1)
CLEVEL=CLEVEL-1
PRINT 5000 eNAMEIl ()

5000 FORMAT~lXr6H1626 PA6)
IF(NAt4E1C1)oEQ.0)Go TO 2040

1628 NEXT NODE RIGHT E3NL'BN3
PRINT 50OOIBIN

5001 FORMAT(1Xp6HI628 v15)
IFCIiSNoEQ*O)GO TO 2100

C
1629 NAMEIl () TNME

NEXT NODE DOWN BLONE 3tJTNME
CLEVEL=CLEVEL+l
LFCI8N9NE90)GO TO 1200

1634 NEXT NODE UP BNEIBNJzNAME1(Il
CLEVEL=CLEVEL-1
00 TO 1627

C
C
C FINISHED.
2040 CONTINUE

HETURi..
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cCuRRLNT N'.ODE PROCESSED POP THE STACI'

2100O NEMl NOOE UP BNC1I&k3 7-NAM&(.I1)
CLEVLL=CLc.VL6-i
PRINT 50O'3t1BN#NAME1C1)

5003 FORMAl(IX#6H2100 oI4 A6)
lFCNAodL1(J).EQ.O)GO 1. 264(,
FLD U o 4; TRSNM) =bI4$rqb

L 9 TX<=TRSr4ME*NAA1E)(1) =?
efINT 30i?1#TXvTYvTZ#RXtRYRZ#5XpS(pSZ

3001 FORMAT(lXobH3O001 t9F10.5)
]X=-TA
I Y=-TY
T2=-TZ
Rx=-Rx
RY=-RY
RZ=-RZ
CALL UPORM6i
TNMEZNAIEI (1)

C
C EXECUTE USER SPECIFIED FN AFTER MCVING UP To THIS NODE

IFCFNUP.NE.0)CALL FtNUP
C
C

60 TO 16283
END

* GETVAL
SUBROUTINE GErVAL
LIST OFF

Co***** CHECK FOR ATTRIBUTE VALUES ALREADY STORED*s
C****** IF OLD) VALULS AiiE PRESE14T THEY ARE STORED IN 'BLOCKI

JNTEGER VtUrMpltDHpC
INTEGER I3LOCK (5)
R~EAL DAAAlt5U)
CO4MON4/EOSATB/VU.M(10)eT(1O) .0(10) eHCCI0hAeICHAReATT
ALLOW 0

EOJIVALENCE (OLOCK#CAAAT)
IF('ATTRIuf*SY!.iNAM=?) GO TO 10

MCINIT1)=6H

OCINLII)blI
C(LNITI)=6r4

7717 CONTINUE

U=5H
H=5H
Ar5H
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G;, Tv lou
10 C~lsTI",u

C 5lu .3OLULI\( 'ai ~b 'ýYNA-

V =bLJLr'(i)
U =BLýJCr~ e)
[it ?'o I = ItIZ,
MCI) Z;'Vt'(Ie

20 CONI I.Mi
ac 3a iz litiu

3o LONtTI)4UE
00 '40 1 = iplv

ti 13L~iCKC33)
00 5ttA I Z.Ifly

="DAAATC'4)
so cc iT1NJL
IOU CuNTINUL

END

C***** 0ý,~PCAYS 3UlLL)ING PLAN F:Ru(A TREE *4.*
SLUBROUTINE hOUS~L
IMPLILIT IN1EGER!A _J)
ft.CLU~c LUSPRI4, Liý,l
Xf.CLUDL USPirobo LIbPT
1:,TLGER Of-VCuFVL)PL.Fvt,tUFVF
LIJTEGECR uFu(UFB3Lrr;4)
CC0001i /UF~/uFV#DFcLI:VPoFVF
COMPtON /CtOOT/0 I v~Ž PLNV,)E
COA~4LSY/YI :ryfaýNMY ,,)TEt4PCNUt4SYt~3) ,NEWXtNEWYP

C SYi4NAM~eALLSTpdvTPI
itiTEGER DSPhicE(APN)
tONMh0i /ubbPTHE/USPTIkE
CVrMMOUa /VP/VITX Yv~yej4VRXvVRYpVRLVSCVSYtVSZ
~kEAL VrXPVTYP,vTvxvYvpb~b~s
LOGIChL 0UNSFL(.iFUALLeFPELJAL.FMAi(}TFRESNDtFSETVP
LUtMVOIJ /FLAuS/DNSF LuFtJALLFPEDALeFMAKHTuFRESNDeFSETVP
FSETVp=.FALSt. '
PA~ = -9U.0
DSPTREC1) = PLNOOE
DrvP=t)
CA'LL DIS'P
CAW~I rRC' ,U)
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bUBR0UTINE wAi Cia)
C SET up IN TAbLE FOij¶ THLf COORDINATES OF ALL 'WALLS' IN AN
C OBJECT.

INCLUDE L.DSP.RM#LIST
INTEGER WALLST (S~ oTPL)
INTEGER WTPI
COMMON/EDSSYM4/SYMNUMSYMaOL (NUMSYM,5) eTE.MP(NUMSYMe3) .NEWXNEWY,

C SYMNAMwALLSTt*TP1
EXTERN.AL TAB*

C
INTEGER FLRPLN
COMF4Oivg /CROOT/UUM(4) .FLkPLN
oTP1~o

C
CALL APYTRE(FLRPLNTAB~tdO,2eISTYPEI,.SWALL*)
RETURt4
END

C**** SUBROUTINE TO CREATE GRID POINTS***
SUBROurINE Gg'CIILN
IMPLICIT INTE6ER(A-Z)
COMMOI1/E0SGRD/GR ID (50.4)
GRIO(1,1) 0
bPI0(1,2) 0
VALUE =0
uELTA =33
UD IOu J =2.31
VALUE ZVALUE + DELTA
GRID(..,e1) ZVALUE.

100 GRID(vv2) =VALUE
RETURi,4
END

C**** SUBROUTINE TO DRAw THE GRID *s*
SUBROUTINE DRGRIU
IMPLIC:IT INTEGER(A-Z)
INCLUDE EUSPrtM# LIST
COMMOI,/EDSGRU/tj,'IC(b~O 2)
COMMON/EDSSY.4/SYMNUmSYMLSOL(NUMSYM,5) ,TEMPCNUM$SV*3) .NEWXst4EWY,

C SYMNAMPUALLSTPWTPI
LOWY 100
&.EFTX 0
AtIGHTA -1023

UPY = 1023
CALL INTE14()
LiD 10 LOG =1.31
KX = RIDCLQGPI)
KsY = RID(LOGPZ)
CALL IOSCKX#LOWY)
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CALL VEC(K)XUPY)
CALL PUS(LLFTXPKY)

10 CALL VEC(RIGHTAPKY)
CALL INTE.'J2)
CALL P0S(OIUO)
CALL VEC(1O23tlGO)
RETURN
ENL,

C***** DRAWS TRIANGLE FOK SYMOOLS TXPTY ARE CENTER OF TRIANGLE**
SUBROUTINE IRICrXTY)
INCLUUE EOSPRM, LIST
IMPLICIT INTEGER(A-Z)
COMMON/LDSSYM/SYMNUMSYMbOL(NUMSYlP,5) ,TEMP(NUMSYM.3) PNEWXINEWY.

C SYMNAMtWALLSTwTP1
CALL INTEN(O)
VX =TX - 8
VY =TY -8
CALL POSCVX#VY)
CALL vECCTx~vY + 14)
CALL VEC(VX +16tVY)
CALL VEC(VXPVY)
CALL INTEN(2)
RETURN
END

C***** SUBROUTINE TO DRAW A CIRCLE******
C**** CIX AND CIY ARE THE CEN4TER COORDINATES ***
C**** R iS THE RADIUS ',NU, 11 IS THE NUMBER OF SEG~MENTS**

SUBROUTINE CIiRCLLCCIXPCIY)
INCLUDE EDSPRMF LIST
REAL THETAPANGLErs'
INTEGER RvCI)(PCIYbAAX.'YsDF
COMMON/FtDSSY,~i/SYMANUMPSYMb-UL(NUMSYMu5) ,TEMP(NUMSYM.3) PNEWX.NKMYe

C 5YMNAMtWALLSTtWTP:
CALL INTENtO)
R =10

=10.00
!AETA =(36i)/Nj/6.:ý
ANiGLe THETA
CALL p0S(CIXPC17 4.
Dl0 10 AA = IP 2

X R*SINCANGLE)
Y R*COS(ANGLE)

CAL'- VEC(X + CXY C-(
t0 ANGLC A1NGLE + TKiT.A

CALL INTEN(2)
RETUP:J
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END

C**** SUBkOUTItNE To DRAw THE SMALL TEE FOR SYMBOLS**
Cs**$ Sllý ANi) SM~Y ARE THE COORDINATES OF THE INTEGSECTION ~*

z)u83OUTI.NE SM'TEE( SN~XPSMY)
INCLUIJE'EU5PRM# LIST
111T.(LR StMX#SMY
Z0MMON/EuSSYM/SYMNUMPSYMEBOL(NUMSY~i,5) TEMdP(NUMSYMt3) eNEWXPNiWY#

C iYMNAMtWALLSTp AIPl
CALL INTEN(O)
CALL POS(SMX#SMY)
CALL VEC CSMX-8tSMY)
CALL POS(SMX-8#SMY-5)
CALL VEC(SMX-8oSMY+5)
CALL INTENQa.
RETURN
END

Cs.*. SUBROUTINE TO DRtAW A BOX
C*i* W 1S WI0TH.H IS HIGHTPOX AND BY ARE LOWER LEFT CORNER *

SUBROUTINE BOX(WNBX#BY)
INCLUDE EOSPRMP LIST
IMPLICIT INTEGER(A-Z)
COMMON/EDSSYM/SYMNUMSYMBOL(NUMSYMe5) ,TEMPCNUMSYMu3) .NEWXNC WY#

C SYMNAM.wALLST~wTPI
CALL INTEN(D)
CALL POS(BX#BY)
CALL VEC(BX+WtBY)
CALL VEC(BXgW#BY+H)
CALL VEC(BXtBY+H)
CALL VEC(BXIBY)
CALL INTEN(2)
RETURN
END

C*** SUBROQUTINE To DRAW A TEE**
C*** TXtTY ARE THE COORDINATES OF INTERSECTION **

SUBROUTIN&. TEE(TXtTY)
INCLUDE EOSPRM# LIST
INTEGER TXeTY
COMMON/EOSSYM/SYMNUMtSYMB8OL(NUMSYMe5) ,TEMP(NU94SYMe3) ,NEWXPNEWY,

C SYMNAM, WALLSTI WTPI
CALL POS(TXeTY-5)
CALL VEC(TXPTYi5)
CALL POS(TxPTY)
CALL VEC(TX.25#TY)
RETURN
END
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Co***. SUBROUTINE TO DRAW A DOUBLE TEE **
C*.** TTXeTTY ARE TNE COORDINATES OF INTERSECTION *

SUBROUTINE T0~vEE (TTXteTTY)
INTEGER TTXpTTY
CALL POSiTTXPTTY-7)
CALL VEC(TTXPTTY+7)
CALL POS(TTXTTY-2)
CALL VEC (TTX+30,TTY-2)
CALL POS(TTXoTTY+2)
CALL VEC (TTX+3OeTTY+2)
RETURN
LND

C**** SUbROUTINE TO CAPTURE THE BRANCH NUMBER OF CURRENT NODE
SUBROUTINE (JRANH
IM~PLICIT INTEGER(A-Z)
COMMON/EDSDAT/WALN4AMeKKK IBRNBRANAM
lEMPICJ = ISYSPO
CALL ENCOD(,~NNN)
WRITE(23#1CC? ,dRN

100 FORMAT(12)
FLD(2'4t12,TEMPIO) FLDoi,2vNNN)
I3RANAM =TEpIPIO
RETUHr.

SUBROUTINE PLACL
SCALES THlE SYMB~OL COORDINATES FROM ISYMBOL' TO tTEMPI

C,'*s.***** SYMBOL IS LOCAL STORAGL PTEMP IS USED FOR DISPLAY**
INCLUCJE EDSPRMt LIST
IMPLICIT INTEGEH(A-Z)
REAL VTXVTYeVTZVýRXeVHYVRZVSXDVSYtVSZ
COMMON /VP/VTXpVTY,'vTZVRXPVRYPVRZeV5X, VSYVSZ
LOMI4ON/EUSbCL/K
C(jMMOI1i/EOSSYM/SYI4hUMSYM80L(NUMSY'M,5) ,TEMP(NUMSYtMe3) NEWXNEWY#

C SNNAMpWALLST w,'~Pl
vO 0 10 1 =.SYMNUM

TLMP(#Ie) z(((SYM,6OLCI1i)-2St)/CVTZ*12UO/2OOO.O+1)I+25
6 )*2

TEMP(1#2) =(((SYMbUL(I,2)-256)/(VTZ*1200/2000.O+1))+
25 6)'P2

to TEMPCIP3) =SYMbJL(IP3)
RETURN
END

C***S ECIFIES THsE FIRST 4 CHARACTERS OF SYMB,,.L NAMES *
SUBROUTINE NAMELU
INTEGER TYPE

C0OMMON/EDSNMI/TYPE(5U,3) NAP(5O) ,PXCK
TYPE(1,1)=tPTW~f
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IYPE(Btl):'pExpt
TYPE(4t)=IPGRiD'
TYPE.(5#1)=IPCLKt
TYPE (be i)'P1Hwt
TYPE(7tl):'PSPP#
7YPE(btl)=sPFLNI

IYPE(9ol1=fDNPLf
TYPEC10#1)=#THAY'
fYPE 1l~:'fTRoY'

IYPE(16,i)=ITHSYI
TYPE(17.1):?ADCRI
TYPE (14tl):.'WcOTf

YYPE(15#1)=IKyUPI
TYPE (ai6tl)=fTHPfC
TYPE(17vl)='ADDRf

TYPE(lat,1.IWCTh#
IYPEI26.1)=ISATR'

TYPE(2Otl)=9KYCT'
TYPL(~ijr)Z'STICF'
1YPE(.;1e1lz'LSGTLe
TYPE(j~pJ)'STLR'~

rYPE(26#1)=tLHLN'

TYPE(4ot)=*SCLPS
TYPE(.26e1):'LSDCN

TYPE(61pl3:.LREI'

TYPE(35t1)=vLPS2'

U0 lii 1 0
fAPtl) .
TYPE(IP3) i
TYPE(is±) =1i

10 COIITIIWE
METURtv

C#*;. INITIALIZES ATTR1.JUt VALUE STORAGE *

uL0CiK EA[A
HEAL A
IN~TEGER VoU,.4#Tv0tt4fC
(,OMM~ia/EU$ATd/VpUM1(10),Tc10)eL,(10),tiCc3,o),AezCHAR



DATA Y.UPf4(I),Mcz),PM(J),M(4),M(5).M(6),M(7),MtO)iM(9),M(1O)e
C TCJ)eT(2)tT(3).T('4)IT(5)eT(6),T(7)tT(6),TC9)tT(1O)e
C 0(1)eoCZ)po(3)pD(4),D(5),D(6)eD(7)eO(8),D(9)eD(1O)e
C HPC(l)eC(2),C(3),C'(4),C(5).C(6),CC7)CC(8),C(9)tC(1O),A/

*~4'4*0050505050505/

C****** THE ROUTINE THAT CREATES DISPLAY OF ALL SERVICE SYMBOLS**
SUBROUTINE SERSYI4

C**** GENhRATOR
CALL CIRCLEC7O6P705)
CALL wRITAT(706,7OI.'Gal)

C4** M4OTOR *******
CALL CIRCLE(706e673)
CALL WRITAT(7O6t667,'MAt)

C**** METf.R *****
CALL CIRCLEC706pb'~l)
CALL 8OX(20,20,696t631)
CALL WRITAT(701P632,'MAI)

Cs*THERMOSTAT ****
CALL BOX(Ibtl6t690#601)
CALL wRITAT(695t6OO. 'TA')

* CALL SMTEE(690t6O9)
C*** ANTICIPATOR ****

CALL 8OXC16v16t690,569)
CALL viRITAT(6930572##AAt)
CALL SMTEE(690t577)

C4** PANEL ****
CALL dOX(2O,1O,696t54O)

C**** CONTROL PANEL ****
CALL BOX(20,lOP696?508)
CALL INTEN(O)
CALL POS(696P508)
CALL VECC716t518)
CALL POS(716#5O8)
CALL vEC(696t5l8)

CALL INTEN(2)
C**** DISCONNECT **

CALL bOX(l5r8t696p4?7)
CALL INTEN(O)
CALL POS(711#481)
CALL VEC(716#481)
CALL VEC(?16#489)
CALL INTENtZ)

C*** TiRANSF0RtiER ****
CALL oOXU20rlO#6'., #453)
t(ETUR.4

C**** WhPSLAYi ALL LIt.MTING S -480"S**
SUtUROUTINL. LlTbiM
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INCLUDE EDSPRM# LIST
CONMON/EDSSYM/SYMNLIMPSYMBOL(NU$4SYme5) .TEMP(NUNSYMe3) eNEWXeIWY,

C SYMNAM. WALLSTe WTP1
C*** SURFACE FLOURESCENT ****

CALL bOX(40,2O,563p75'4)
CALL CIRCLE(573e764)

C*.RCESSED FLOURESENT ****
CALL 8OX(40,2O,563t722)
CALL CIRCLE(573#732)

C*** SURFACE INCANDESCENT ****
CALL CIRCLE(53Oe700)
CALL CIRCLE(583#700)

C*** RECESSED 1NCANDESCENT ***
CALL CIRCLE(5.50,668)
CALL CIRCLE(583#668)

C**. PULL SWITCH ***
CALL CIRCLE.C530,636)
CALL CIRCLEMCI3P63b)
CALL $Up
CALL wRTAT(596p666tfNAf)
CALL WRITAT (596#624. 'PSA#)
CALL WRITAT(583#72kofFal)
CALL *RiTAT(596t668,plMAv)
CALL WRITAT(5839754060A)
CALL LCHAR

C**.*. SdITCHES *.* *LIGHT **
CALL LCHAR

C*s.* SINGLE POLE ****7
CALL TEE(566e559)
CALL WRITATC576#553e'SAO)

D** OUBLE POLE**s
CALL IEE(566,527)
CALL wRITAT(S76p521tt SA')

C**. THR~EE WAY *****
CALL TEM~66P495)
CALL *RITAT(576e489#tSA#)

C**.*** FOUR WAY ******
CALL TEL(566t463)
CALL wRITAT(5760457otSAI)

C**** WEATHERPROOF ******
CALL TEE(566t43)1)
CALL ARITAT(576P425e'SA')

C**** PILOT LIGHT***
CALL TEE(566#399)
CALL WRITATCS76t393,'SA')

C**** TWO-SPEED **
CALL TLE(566PS67)

'p CALL wRITAT(57bt36!,'SAt)
C**** ftiREE-SPEED***

CALL 1EEC5b6p335)
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CALL iWNITAT(576ej6v, 'Sal'
C*.** AUTO OOOH ****

CALL TEL(566#303)
CALL wR1TAT(57ot297, 'Sn'

C****s ~W/L.ONV. OUTLET ****
CALL 6RITAT(57bpaolp'Sa')

C*e*' EXPLOSId., PROOF s**s
CALL [EL(566P239)
CALL w*tUTAT(b76r231tfSaf)

C*** KEY OPERATED #*s**
CALL TEEt566#20?)
CALL wRZTAT(5i7b,2O1t'SA')

C*** PHOTO CELL****
CALL TEE(566#17b)
CALL wRITAT(576#169#'SAI)

C**** SUBjSCRIPTS FOR LlvHT SWITCHES**
CALL SUB
CALL WRITAT(589,511#'2al)
CALL wRZTAT~bd9i46u,'30'
CALL wRITAT(5i89#447##4&9)
CALL wRITAY(589t4I5plWPAf)

*CALL WRITAT(589v383t'PAt)
CALL WRITATt589.35I,2SPA't
CALL vwRITATtS89,319.'3SPA')
CALL wRIrAT(58g,287plDAl)
CALL wR1TAC(589t223v9EXA#)
CALL %RITATC589oj91,'Kt')
CALL wRITAT(589PI6S,'OAt)
RETURN
END

C***** DIlSPLAYS POwER SYM80LS *.
SUBROuTINL POWSYM
INCLUDE EUSPRM#~ LIST
COMI4ON/EDSSYM/SYMNUMtSYNBOL :NUMSYM,5) TEMP(NUNMSYMP3) ,NEWX.NEWYP

C SYI4NAMPWALLSTe WTP1
C******TWO WIRE

CALL CIRCL-E(640,870)
CALL TOTEE(628#870)

C ***WEATHERPROOF *s
CALL CIRCLEL(6'4O840)
CALL TOTEE(628#V40)
CALL bUbJ
CALL wRITAT(o5.3#828p'WPA')

C****LXPLOSION PkOOf ****
CALL CIRCLE(64u#806)
CALL lT)TU(6?'8#80(L)
CALL wi(T'flbbit794,via')

C*** tROUNoED .
CALL flC:ýLý ';Jh 17 "W
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LALL IOTEL(b28#774)
CALL wRITAT(65.3,762v*GA9'

C***CLOCK'. ****
CALL CIRCLEto40J744)
LALL TOTEE(628,7'.4)
CALL WRITAT(bt;3t732vlC~l)

C**** THREE aWhE ***

CALL CIRCLE(640#712)
C***** SPL.CIAL PURHPOSE. ****

CALL CLRCLE(640P680)
CALL TRI(64O,68,D)

C**** PLVuR****,**
CALL ClfhCLL~b'fdro-oed)
CALL uOTtbut653~.)

C***** SOITC"E::, ***** ** PO.wLf( *
CALL L.CMAR

C**** SINGLE POLL
CALL T~2~~;
CALL h1A 9bi

Co*** DOUbLE PuLE *4

CALL TEE(62bP527)
CALL vRITAT(6,59P52J,,'S61)

*4* THREE WAY **

CALL TEEt628P495)
CALL ARITAT(639e'489PISAT)

.o4*FOUR WAY ***

CALL TLE(626e463)
CALL wRITAT(639t'i57,"~a')

C'**** WEATHERPfkOOF ******
CALL TEE(62bP4.i±.
CALL wrIIAT(6.'9#1f2b,v'S4')

Cý*** PILOT L16HT *4*** ;

LALL TEE(628r39j9)
CALL WRTAT(b3,9,.9.6.*SAP

C**** 700-SPEEu*44
CALL TEE(b281.567)
CALL ,wRITAT(639p36!,'SAt)

(.**TH'iEE-SPEED *4***
CALL 1EE(628P663)

Ak,4*ULiU DOOk ****J

CALL *rLt(ý,28p3U3)
'-ALL -. ,ITATc659,e97v.Sal*

Ck-4*** w/COI4V. OiTtr-T **4*
CALL JTAu.jbt'

rCfis** ExitLOSIGI1 ý-kt *4*

(.ALL 11LL. 20 fe.9)

*.**VLY ,PERArCL, ***,,
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* C*** i-skT, CELL****
(.DLL [EE(62b#175)
v.ALL i.RITAT(639tI69,'Saf)

C **4~ cliU-CRIPTS FOR i'U*LH SWITCHiES *

CALL SUB
CALL jiITAT(65blt5Ilt2&1)
CAL.L w,R.TAT(6bb±,47'q,3af)
CALL I;iflTAT(651?44lvIf4af)
L;LL nRITAT(bbI#'Ibt'hPAf)
CALL 6ITAr(6bi#3d5,'P~'',

CALL wRITAT(bbIp3I~, '3SPa')
CALL vbRITAT(6bie2870U'L)A'
CALL WRITAT(651.Q2.3.'EXA')
CALL WRITAT(651P191, 'Ka')
CALL %RITATC651pI7Up1O~l)
R~ETUR~N

SUOROUTINE RESTOR
* C NLSTORES THE PROGRAM AND DISPLAY ON 'RETURN' COMM.AND

INCLULAE EDSPr(Mt LIST
IMPLICIT INTEGER(A-Z)
COMMW,,/EDSSYM/SYMNUMSYMBOL (NUMASYM.5) ,TEMP(NUNSYM,3) ,NEWXeNEWY.

C SYMNAM#*ALLST#WTPI
LALL HOUSE
CALL INTfEN~l)
CALL URGRID
CALL INTENIO)
CALL IkEGEN
CALL hRITATC5UP500 MOVEt.')
CALL RIUTATC5O,20,'OLLETEA')
CALL m~ESAGE
CALL SENDF
RLTURN
END

SUUROUTI14E WklICH(vAX?4Yr$tINDEX)
C*m*** SUuROUTLNE ToO ETERMINE WHICH SYMBOL WAS POINTED AT **

INCLUUE EUSPi~MPLIST
IMPLICIT 114FEGLR(A-Z)
COMM01h/EDSSY,0/"A). -UMeSYMoOL (NUM5YMp5) ,TEMP(NUMSY~t43) ,NEWXNEWYP

C ::YMNA ,#iALLS.- ,-7Ti

hE0,i'j /:VfvT,'.,VTYJTZ V~yVPYsVl;XVSXVS2eS

W Y T

C CC1 '4A, ~1. *'' Vjsla /2000t1))+256

A
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YCOM1 (((WY/2)-256)*(VTZ*3200/2000+1)),256
WX =wX + 30
*Y = Wy + 30
XCOM2 =(((WX/2)-256)*(VTZ*1200/2000+1I)+256
YCOMP (((WY/2)..256)'s(VTZwI200!/2000+1))+256
UO lOu I =itSYt4NUM
IF(C(SYMBOL(Iti) *GE* XCOMI) *AND. (SY#4BOL(Itt) .LE. XCOMM)

C *AND. ((SYMBOL(102) *GEe YCOMI) *AND. (SYMBOL(tt2) oLE. YCO$42
C ))) G0 TO 125

100 CONTINUE
RETURN 3

125 INDEX =I
RETURN
END
SUBROUTINE GRIDPT( IX. IY)

C*O* SUBROUTINL. TO SELECT CLOSE~ST GRID INTERSECTION *
INCLUIJE EDSPRM, LIST
REAL EPDIS
INTEGER XSCOPL, XSCOP2. YSCOPI ,YSCOP2
INTEGER ICICZ) ,1C2(2) pWTPIWALLST(5eWTPL)
REAL VTXeV1Y.VTZPVRXVRYVRZVSXPVSYVSZ
ZOMMON /VP/VTXVTYtvTZVRXgVRYtVRZ.VSXtVSYtVSZ
REAL RWALLT(5pWTPL)
COt4MON/EOSSCL/K
COMMON/EDOSAT/WALNAM4.KKK, R~tRANAM
INTEGER WALNAMBRANAMtBRN
COMM'JN/EDSSYM/SYMNUMSYMBOL (NUNSYN, 5) .TEMP (NUMSYMt3) .NEWX.IEWY

C, SYMNAMtWALLST*WTPI
EQUIVALENCE (WALLSTPRWALLT)
LOGICAL iJROX1MY
EPDIS =2000.0
00 100 1 c 1.WTPI
XSCOPI :(((RWALLT(2,I)-256)/(VTZ*1200.0/2000.0,1))+256)*2
YSCOPI =( ( RWALLT(3eI)-256)/(VTZ*1200.0/2000.041) )+25G)**t
XSCOPa =(((RWALLTC'4,I)-256)/(VTZ*126000/2000.O,1)),256)**
YSCOP2 =(((RWALLT(5,I)-256)/(VTZ*1200.O/2000.0,1))+256)**
ICIM XSCOP1
ICIM2 ZYSCOPI
1C2(1) = XSCOP2
1C2(2) =YSCOP2
iF(PROXMY(IXvIYeICI,1C2)) 6O TO 200

t00 CONTINUE
GO TO 250

200 KKK =I
WALNAM =WALLST(1e1)
IF(RWALLT(2,I).EQ.RWALLT(4,I))'30 TO 220

C TWO YIS ARE EQUAL
NEWX = (CIX/2)-256j'*(VlZ*1200/2000,1))+256
t4EWYZRWALLT (3.12
60 TO 300



TO

C ThO X(*S ARE EQ(UAL

NEWX=KaALLT (2.i)
i.E~WY :(( (IY/2)-25b)*tVTZ41200/20O0+1) )+256
GC To 300

250 WALNAm #RNR
300 CONTIiWtE

RETURiv

C***i PROVIDEi NAME FOR SYMOOL TYPE -- INCL' DES '4 FIXED CHARACTERS
C LEf-T JuSTIFIEU A14D 2 NUJMERALS RIGHT JUSTIFIED
C NUMERALS SPECIFY PECULIAR INSTANCE OF SYMBOL TYPE *

SUJBROUT INE AT TNAM
INCLODLE EaJSPR~Mv LIST
IPPLItIT INTE66R(A-Z)
COMOt'/EOSSYM/SYMR4UMSYMd0OL(NUJM'jYMIb) TEM1P(NUMSYI4.3) ,NEWXNEWY,

C SYMNAMPALLSTwTPi
COMM~iv/EDSNpkc/TYPE (t),P3) MAF'(50) tPICK
UEFICIL WA.E(I) =TYPECItI)
NUM4U -. MArCPICK)
.AUM~c.R T(P,.(NUMot2)

CALL LNCOOL(KrKK)
WRITE(2.3.lb~o) NUm.bEt

IbUo IA(MAi(12)
FLu(a,dl1t2vrLi4P1)= r:Lg(0#12,KKK)
tbYMNAN TEM4PI,
RLTUtil,

SUBtROUTIrlE LITEbT(LXtLY'ttXPUYtCXCY)
CXeCY ARiE CO0HL)XNATLS OF TAB~LET STYLUS

C CHECKS FOR A 'lIT 'JETwEL' :LX-LEFT x#:LY-LOW Yt
C :RX-~RIGHT X#:UY-UPPER
C LFLAG SET TO I FOR A HIT

I'iPLICIT INTLEC3E(A-.')
l.CMMON/U.LSLBT/Li-,.
LFLAG i

((CY .;bE. LI) AN4U. (CY I.E. UY))l
C L.FLAG ZI

C. ***$ ISPLAYý IfiL !)WOOLS FROM 9TI.Av*
c TEW~(KK#.i) C.ONT4ddS MASTER SYMBO0L TYPE**

SWUOtuT~ilE REGLrN
Si~EbENLRATES Li1E '1IbPLAI OF SYMIbOLS FROM TEMP

* C?4Lt!Jc E0';qi~', L.

IAIPLIC11 ZjEGEfttA-4)
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COMMON/EDSSY~4/SYMNUMSYMBOL(N~UMSYMtb) ,TEMP(NUMSYMe3) .NEWXeNEWYP
C SYMNAMPWALLSTtwTPI

IF(SYMNUM.EQ. 0) Go TO Ili)
KK =0
KK =KK+ I
IF(KK .GT. SYMNUM) GO TO 113
CALL LCHAR
UO 55 11 1P38
IF(TEmP(KKi3) *EQo ID) GO TO (J#2#3t4#5,6e7v8#9p10,11#12pI3t

C 1L4,15,I6,17,18,19#2021.2,2p23,24,25,26,27,28,29.
C 30rpa31 3p,3,44,35p36#Z7v38)vII

55 CONTINUE
C ****TWO WIRE **%

3. CALL CIRCLE(TEMp(KKpI)rTEMP(KKi,2))
CALL TOTEECTEMP(KK#1)-ITEWPKKpa))
GO TO 100

C ****WEATHERPROOFA
CALL CIRCLE(TEMP(KKr1)pThMP(KKp2))
CALL TOTEE('1MPRK,1)-12,TEMt*(KKt2))
CALL SUn
CALL wRiTAT(TEMP(KKtl)+l3,TEMP(gKK2)-12,'WPA')
GO TO 100

* ~~C ****EXPLOSION PROOF *4~
*3 CALL c1RCLE(TEMP(KKpI)*TMP(KKv21)"

CALL TOTEL(TEMP(KKt1t-I2,TF.MPCKK#2))
CALL SUB
CALL WRITAT(TEMP(KK,1)+l~eTEMP(KK,2)-12e'EXAe)
GO TO 100

C ***sGROUNDED
4 CALL CIRCLE(TEMP(KKv1).tLMP(KKt2))

CALL TOTEECTEMP(KK,1)-lZ#TEMP(KKt21)
CALL SUB
CALL wR1TAT(TEMP(KK,1)+13,TLMPUPIg42).-12.'6A')
6O TO 100

C ******* CLOCK
5 CALL CIRCLECTEMPCKKvl1hTEMP((K~r2fl

CALL TOTEEC7EMPCKKoI)-12pTEMP(XK,2))
CALL SUB
CALL *RITAT(TE.MP(KK,1),13,TLMP(KK,2)-12,ICAI)
GO TO 100

C ****THREE WIRE
LALL ClkCLE(TEM4PtKKDU.TLMr'(KK,2'.))
t,0 TO 100

C ***.SPECIAL PURPUSL ***
7 CALL CIRCLE (TEf(Kv, v1),rTLMF-CM(0?)

CALL TNI(rEmp(KKp,1'pCMP(KKp2)+1i
6o 0 1OI."I

'~~**FLOCit

CALL CIRCLfC(TEt4,-CKi~,1)tTE:MP(KKP2))CALL LO (TiýIPC~ol #TýMrJ(tv* )+I
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t.O To l00
C su*,SINGLE POLE

9 CALL TEE(TEMP(KKyA)-IopTEMP(KK#2))
CALL wRITAT(TEMP(KKI~,)+1,TEMP(KKt2)-6,'SA')
(jO TO LOU

C #'****** DOUdLE POLE
10 CALL lEL(TEMP(KKtl)4OtTEMP(KKt2))

CALL WRITAT(TEMP(KK,1)+lTEMP(KK-2)-6,'S4')
CALL SUB
CALL ORITAT(TEMP(KK,1)+13,TEMP(KKP2)-13e'2A')
uUo TO 100

C-***s*,p* THRLE WAY
11 CALL TEiLCTEMP(KKv1j-10rlEMP(KKp2))

CALL WHITATCTEMP(Ie1Kt)d,ITE-MP(KKP2)-6p'SA')
CALL SUB3
CALL o~RITAT(TEMP(KK,1)+13,TEMPCKK,2).-13t'340)
60O To. 100

C ******* FOUtK VAY
12 CALL TELCTEMP(IKp1)-1LTEKP(KKr2))

CALL iRITAI(TEiMreKK,1)+lTi-MP(KKP2)-6e'SA')
CALL. SUB
CALL WRIIAT(TEMP(KKtl)+13,TEMP(KK,2)-13.'4A')
6O ro IOU

C ****WEATHE.H PROOOF ***
Li CALL T~EL(WMP(KKpI)-IOpTLMPCKKv2))

CALL wkITAT(TEMP(KK,1)+1,TE.MP(KKPj-6,*S~')
CALL SUtD
CALL W.RITATCTEMP(KKtl)+13,TEMP(KP~K2)-13,'WPA')
6O TO 100

C ****PILvT LIGHT
14 CALL TLE(TEMP(KIK,1)-l0tTEMP(KKp2))

CALL i,RITATCTEMPCKKtl)+lDTEMP(KKt2)-6t$Sa t)
CALL !SUu
CALL. 1.RITATCTEMP(KK,1)+13,TEMiPCKK,2)-13,'PA')

uOlo luo
C **4*TWO SPEED
15 LALL TEL(TEMPCKi(.1)-10FIEMPIKKv2))

LALL w8ITAT(TEMP(KK,1)+1oEhMP(KKt2)-6,'Sa')
CALL bUL
t-.ALL ,~RITAT(rEMf'(KKPI)+13tTEMP(KKF2)-l3pO2SPAI)
uO TO 100

C ******* TliIHE SPELtU
lo CALL TLL(rEMP(rKK,1)-1CTLMP:K(,2))

LALL viRITAT(Ilr-MP(Kgre1)41.1EM-P(KKi,2)-6e'SA')
CALL StJL
CALL ,IRITA1 (ILtAP(Kt~.p1)4,JjTEMP(KKt2)-l3p*3SP69)
i.AL To 100

C 4'4***** AUrij UOui
t7 CALL ILL( ff14L'0Kti)-10# lLfvF(l(Kp, i

LALL VMITAT( rLmep( P±)+1,pTLMP(KK#2)-6p 'Sa')
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CALL. zUI3
I..ALL .,kITArc rtMFU(Kmti)+1.5eT~tP(KKo,2)-13##Dai)
GOC To 100

C **4,*44*~ W/ý, OUTLLT ***

1a Ci.LL
GL T% IOU

C *****s* EXPLOS~vil lV{UOF **
19 CALL TLL(1Et*'(K,1i-10pTEMF(KKpefl)

CALL SUO
CALL ltigUTAT7TL.MP(Kr~p1)+1.6eTEMP(KK,2)-13,'EXA')
"ji TO 101)

C s*~**** KEY OPLlRATIZU
2U) CALL TEEC(TLi*Ye(KK,1)-1UTEMIP(KK,2~)

CALL , r-ITATCIEMP(KKtl)+1,TEtAP(KKe2).-6,tSA')
CALL. SWB
CALL WH1ITA1tfrLIF4KK1)+13eTLM.MP(lK,2)-13,'KA')
6uTO 11)0

C '***#*$4 PHOIOCELL
21 CALL IlC*i1'.I-(iKK,1)-iUp1EMP(KK,2))

CALL jliTAT(TEMlI~(KKlP1)+lPTLMP(\%K32)-6,'SA')
CALL bUb
CALL .RHITAT(TEt,P(Kiol)+13,TEMPCKK,2)-18p'Oat)
(I0 TO le"C

C ***.**** GE.'JLKAIRu
2e CALL CtRCLE(TEMPIKKv1)PTtM'P(KKP2))

CALL hRITAI(rEMP(KK,1)-bTLMP(KKe2)-6,'GA')
oO TO 100

C ******* MOTORo
e3 CALL CIRCLE(TE(MP(KK#,1TEMPCKK,2))

LALL ,RITAT(TEVP(Kr(,l)-bPTLMP(KK#2)-6#*M&I)
C w******. ME.TLFC
24 CALL CIRCLE(TEMP(KK#1)#TEMP(KK#2))

CALL uOX 2O,2OtThyPCKKtl)-1OTEMP(KKe2)-10)
CALL iITAT(ILMP(KK,1)-5,TE.MP(KK,2?-6t'MA')
LO TO 100

C ****THEWd'OSrA

CALL L)OXC16,16,iJ"'f(KK,1)-8,TE-MPCKK,2)-8)
CALL ,,RI1AI(It.MP(Ki(,1)-bTLMPCKK,Ž)-6e'TA')
LALL jMTCE(TE.MP(KKI)-6vTEMP(KKv2))
uG TO 106i

C ****4*** AN71ICPtl~tt
26 CALL bOX(lbejulLlir(IKK,1)-8pTEMP(KK,2)-8)

CALL .,HiýTA7TEMt'(Kl~,1)-5,TE14P(KK,2)-6,'TA')
CALL Sf4'lL-CltMP(KK,1)-hTkVP(KK,2))
00 TO 1tAJ

* C ~*~*PA.j~tL

(,C To !ObJ
CONTiiOL TPANL..
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28 CALL bOX(20,i0UtTLMPCKK,1)10,tTEMPCKK#,2)5S)
CALL POSCTEMP(KK#1)-IOvTEMP(KKt2)-5)
CALL vEC(TEMP(KKtl)+1OPTEMP(KK#2)45)
CALL POS(TEMPCKKP1)410,TEeAP(KK#2)-5)
CALL VEC(TEMP(KKPI)-10,TEMP(KK#2)+5)
GO To 100

C *4.***** Uli,;0NNECT
29 CALL UUXUl5,8,TEMPCKKPI~)-7,TEMP(KKe2)-4)

6O To 100
C ******* TRANSFORME~R
so0 CALL UOX(20,10,TEN'.P(KK,1h-10,TEj4P(KK,2)-5)

GO TO 100)
C ****SUXI-ACE FLO0URf.CQNf*%l-

J. CA~LL bOX(40-a0,TLMPCKKol)-20?TEMP(KK,2)-10)
CALL ...LRCLE(rENF.(KK#i)-IOTEMP(KK,2))
6O Tu 1U0

C *******RECESSED FLOURESIENT ****P
32 CA'.L BOX(40,20eTEMP(KKtl)-20,TEMP(KK,2).40)

CALL CIRCLF(rEMPKK,1)-IOTEMP(KK,2))
60 TO 100

r *s*****tHESUR} ACE II4CAiqUESCENT *~**
33 CALL C-IkR;LE(TEMPF(K:,1P),TEMP(KK,2fl

CALL :ýUB
CALL .- TrgpCK1+.TEpKp)1,M)
GO T.)11 ±0

C *******RERECj.S' _A INCANDESCENT**c****
314 CALL CIRCLE(TEMP(KKpIL.TEf4P(KK,2))

CALL SUB
CALL wRITAT(TEMP(KK*1)+13eTEMPCKK,2)-12#'NA')
GO To 100

C *********PULL SWITCih
35 CALL CIRCLE(TEMP(KK,1)#TEMPCKK#2))

CALL SUU
CALL WRITAT(TEMP(KK,1)+13,TEt4PCKK,2)-12,'PS~t)
Go To 100 '

C******~** SURFACE INCANDESCENT *****
36 CALL CIRCLE(TEMP(KKpI)rTEMP((Kt2))

GO To l00
* ~~~C**s***** RECtSSED INCANUESCENT ****

37 CALL CIRCLE(TEMP(KK#1),TEMPCKK#2))
Go To 100

C**.4***** PULi FwITCH T*****
38 CALL CIRCLE(TEMP(KKp1)wTEMP(KKrZ))

CALL SUEC
CALL v.RITAT(TEMP(KK,1)+13PTEMP(KK,2)-12t'PSA')

1(10 Gv To 50

CALL ;I(AR

LND
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C**s** DISF AYS APPROIATE SCALE MAESSAGE *
SUI ROUTINE ME<-AGE
IMPLICIT INTEGER(A-Z)
INCLUUE EDSP:RMt LIST
COMMON/EDSSCL/K
COMMON/EDSSYM/SYMNUMSY4BOJ. (NUMSYM,5) ,Ei4P(NUMSYM.3) ,NEWXeNEWYe

C SYMNAMtwALLSTtwTP1
CALL INTE.NCO!

%;ALL wRITAV13Ou.Li,' JL:: NCH= 1 FOOT&')
CALL wRITATk00 itu, tSPAI.ING BETWE.EN GRIDS EQUALS 16 INCHESaf)

20 IF(K ,NE, 8) GO ',, 30
CALL wRITAT(300. e;PSCALE:1/8 INCH= I FOO1&')
CALL wRITAT(3iOU#,'L.'SPACING HETW'I.EN GRID5 EQUJALS 32 INCHESAI)
GO0 10 40

30 CALL WRITAoi%300* VoiISCAI-E.1/16 INCH = I FOOTA')
CALL wRITAT(300,bocISFACING 8ETWEEN GRIDS EQUALS 64 INCHESA'1

'40 CONTINUE
CALL INTENt2)
RETURN.
END

Cc;**** CHý.CIKS ST.,, - PROXIMITY TO A WALL *

C ELL1PSL I.- t'Z -- LON'; AXIý ALONG WA..tr4ORT PERPENDICULAR
LOGICAL FUi.4CTION4 PR0Xf4, r4XP,IYPpIC1,IC!!)

C TEST FOR POIN~T IN PK -XIV'IY WITH A LINE
C

1I4TEOLR 1XkfPtf'-IC1(2)rIC2(2)
C

.=-4.
¶ EPLlSN=±0Uo

POXMY= FALý,Ca
C

XP=IXP

C
LF(ACVA-~.I',?~.TI.)GO TO 200

I F (ASORL.LL.3) ) t'iP
SNA-hJ.SIlJ(A~ig
CSATd:=Cob,,, no.
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AVGY=(C2(2)+Cl(2) )/2*0
E.LPS=(( CXP-AVGX)*CSATN4l p, 'GY *SNATNW**2)/ASQRD +

* 's CCYP-AVGY) .CSArii+ (XP-A~'ýX) *SN4A'N)**2)/ASQRD
lF(ELPSaLE.1.'J)PR0XMYZ.TRUr.. fGPOINT INSIDE ELLIPSE

CREt;.TM;

C LINE. IS ZLRO LL145TI

100 IF(Atdb(CI(1,-XP).LE.EPLISN)PR0XVIYZ,TRUE.
RETU~ij

C
*200 ATNZb.28/4.0

GO TO 50
Erlu

C***** DETERMINES WHETHLR ATTRI;HUTF. VAI)JLS ARE TO BE ENTERED *
C***** UETERM1INES o!-UCH P41'-lD1 JTE. CATE'RGORY WAS SELECTED BY STYLUS**
C**x** TYPIN CAPTURES LU~PO' AND STORES IT IN LOCATION OR ARRAY**
C****** THESE VALUES ARE PASSED TO 'AtTRILO T11RI COMM-iN 1EDSAT3'

SPUBROUTINE It0 UT~sos)
* ~IMPLICIT INrEOL~R(B-Z)

INCLUDE DSPRMSPLIST
INCLUDE EDSPRMP LIST
INTEGER AXtAY#AZ
IN~TEGER ATT
REAL A
COMMON/MDpLBT/LFLAG
COMMUN/EDSNME/TYPEC50,3) ,MAP(50) ,PICe(
COMMON/EDSATB/VoUtM *i),TC1O).DUO0),HC(IO),AICHARpATT
COMMON/E.DSSYm/sYMtoql SYMBOL (NUMSYM- 5) #TEMP (NlJMSYMei) PNEWX #MEWYe

C SYMNAM#WALLiTpWTPI
INTEGER DFVCDFVL)ti)FVP#L VF'
INTEGER DFB(DFULPWPN)
CUMMON /OF/DFVDFBPDFVPI
NAMELIST/ANSAER/YES tNO
uEFINE ClCI) =C(I)

DEFINE u1~l) =jCI)
DEFINE U2(1) FLLi(ABS(MOU(I-1,6fl*6t6,Dl(I-1/6+1))
UEFINE MICI) = .(l)
DEFINE M2(1) FLu,,ABS~mO~CI-1,6))*6.6,PM1(I.'1/6+1))
DEFINE TT(I) ziluEFINE TTv , FLD(AbJS(MOLC(I1,b)'*6,6,Tr(I-1/6+I))
CA, 'DtTL

CALL A;,4PS(*A.'lSh00t' ''"U#%10.1)
CALL 77000j0 L'O VO' w!SH- 10 t.AME A NEW S YJEuv
CALL r,.:POUt (#YEý, 6: D 0l

CALL ~ -. ' .. ~
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1000 CALL IaLE
CALL SWAP
60 TO 1000

1010 CALL TTY
00 TO 1000

1500 NUM Z MAP(PICK)
TYPE(NUMt2) = TYPE(NUM#2) + 5
CALL ATTNAM
CALL ATTRIB
CALL SENDF

1050 CALL TABINT(15$1460)
CALL CHRINT(1$51455)

106C CONTINUE
CALL TYPOUT('SELECT ATTRIBUTE CATEGORYUA')

1450 CALL IDLE
CALL SWAP
GO TO 1450

1455 CALL TTY
GO TO 1450

1460 CALL !ETTAB(AXAYvAZ)
IF(AZ) 1450#1450P1470

1470 CALL LlTEBT(25rla•O29O,230,AXAY)
IF(LFLA6 *EQ* 1) GO To 1490ATT = I

00 1475 La = 616#392t-32
LY = LB - i6UPY = LB + 16

CALL LITE9T(40,LYt45OeUPY,AXpAY)
IF(LF!,AG .EQ. 1) Go To 1480Al". = ATT + I

1475 CONT'NUE
60 TO 1498

1490 CALL TYPATT
RETURN 1

1480 CALL TYPOUT(CPLEASE TYPE INuat)
GO TO(LOO,200,30040050,6OO7OO,8OO),AT110 b CALL TYPIN(1(1)*#V)

60 TO 2000
200 CALL TYPIN(I(I)t#U)

0O TO 2000
300 CALL TYPIN(M)

ICHAR Z NTYPIN(IDUM)
00 310 J Z IChAR#30
M2 (,; =t

310 CONTINUE
GO TO 200u

400 CALL TYPINMTt
ICHAR NTYFPW(IUUM)
DO 410 J ICHAk#30
T7T(J)

- &

t
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41 CNTNU

410 CONTINUE.
GO To 2000

500 CALL TYPIN(D)
ICHAR = NTYPINCIDUM)
UO 71U J ICHAR,.SO
D2(j)=

7 CONTIN~UE
GO To 20001

600 CALL TYPIN('C(j',ii)

GO To 20600
7008 CALL. 5TYPICC I)

80 CALL TRIpIN(22CR~v PLA) TR ,1N

CALNSD O

UAA CA LLS IGNRED AIRa5.0N ATLITRI BUELOWASFU


