D=-A038 620 ARMY ELECTRONICS COMMAND FORT MONMOUTH N J F/G 9/2
UNCLASSIFIED ECOM=4452

| - DESIGN SYMBOLS LIBRARY: A COMBINED DESIGN AND DOCUMENTATION TOO==ETC(U)
DEC 76 T J WHEELER
NL
- IIIIIIlIIIIIlIIIII|IIII||IIIIIIIIIII|IIIII|IIIII |IIIII|IIIII

END

DATE
; FILMEL

5-77




"m 10 ke iz

B
oo

L
= '

2 flis yee




Research and Development Technical Report
CNecom -4452

DESIGN SYMBOLS LIBRARY, A COMBINED DESIGN AND
DOCUMENTATION TOOL

ADAO386

..0........................‘.......Q..................O.....C.......O....l‘....

Thomas J, Wheeler
R & D Technical Support Activity

December 1976

DISTRIBUTION STATEMENT

Approved for public release; i b : b C
distribution unlimited. L.
g

=
APR o2 \QTT u
CWil=u U s
ECOM g

US ARMY ELECTRONICS COMMAND FORT MONMOUTH, NEW JERSEY 07703

DDC FiLE copy

AD No.—




NOTICES

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents.

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government
indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator.




Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

. REPORTw L//'/ 2. GOVY ACCESSION NO.

3. RECIPIENT'S CATALOG NUMBER

Design Symbols Library, a Combined !

S. TYPE OF REPORT & PERIOD COVERED

Design and Documentation Tool

6. PERFORMING ORG. REPORT NUMBER

AUTHOR(s)

Thomas J./Wheeler

8. CONTRACT OR GRANT NUMBER(a)

. PERFORMING ORGANIZATION NAME AND ADDRESS
US Army Electronics Command .

NRSFL-GG-C

Fort Monmouth, New Jersey 07703

10. PROGRAM ELEMENT. PROJECT TASK
AREA & WORK UNIT NUMBER

11. CONTROLLING OFFICE NAME AND ADDRESS

Same

(7

12. REPQRT.DATE. . o

December 1976
13, NUi' EER OF PAGES
50

-

MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office)

/!’

Same

15. SECURITY CLASS. (of this report)

Unclassified

¢
§

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

6.

DISTRIBUTION STATEMENT (of this Report)

Approved for public release;

distribution unlimited.

ACCESSION for ‘
. ‘'
ATIS Wits Soctios B
7. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, I different from Report) 0w BT Seclica
UNANSOUNDED O
JUSTIFISATION oo
8. SUPPLEMENTARY NOTES BY s
BisT! mumn,w"- PR I S
TAVM, X SAfeisL
——— Sordybin .

"

KEY WORDS (Continue on reverse side if neceasary and identify by block number)

CAD, CAM, Design, Documentation,

0zt
A
i

Printed Circuits

ABSTRACT (Continue on reverse side if neceseary and identify by block number)

Current methods of design of electronic equipment

mentation after the design, ro,u]tlny
inadequate documentation. A system it
of a Standard Library of design uymbolu to
documentation process, thereby reducing cost
adequacy of documentation.

N

and

produce

insuring

in duplication of cost and
described which makes use
integrate the desipgn/

docu-

DD 3% W73

EDITION OF | NOV 65 IS OBSOLETE

Unclassified

7/

Y (/

O3 7 &

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

-




SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




TABLE OF CONTENTS

BackgrOURNd < e e ais e oo soisisisia sis sis o slioisinie ois el
Introduction..... lalalalateiernialieis iuie alaalalaie auile e w ).
SYMHOLE LIDYAEY. - vonsne s mn s nsmyiansest
PCB Design Using Symbols Library.........2

Implementation of the Design Symbols
Library SySteMes csose cone vsseonnsnesnsed

Alternative ImplementationS..ceoeeesseees9
ConclusionS.csisess sosivcusassovsvesnvssnsd

Acknowledgement..coeese s ssevsonsscsssesesll

APPENDICES
I Description of Aldraft...........l1
II Symbols Definitioficccscvsscssnsesl?

III Initial Library..csecoveeceecesssssld
IV Design Example...cceeececececoceee3d

\Y Listing of Design Assistance
Softwareccscscoscovscosesecsenel




BACKGROUND

The end results of a design effort for a piece of electronic -
equipment are two: A piece of hardware and a documentation
package. The documentation is more valuable than the hardware
since it is from the documentation that all production of the
equipment is done. Currently, however, the design of the equip-
ment and the production of the documentation are done separately
with the effort applied in producing the documentation being
a minimum, usually only enough to meet contractual obligations.
The documentation supplied at the end of the development is
usually done by a drafting department from sketches developed
during the design process, with the result that some of the
documentation does not describe adequately the equipment.

The production of documentation as an integral part of the
design process will eliminate the problem of inadequate docu-
mentation since both the equipment and the documentation come
concurrently out as two outputs from one process.

INTRODUCTION

The cost of designing electronic equipment can be reduced by
integrating the documentation process into the design process.
In order to effect this design cost savings and improve the
quality of the documentation of electronic equipment, an approach
was conceived which would make use of a standard symbols library
and an automated drafting system. The use of the design sym-
bols as design tools rather than just documentation tools
results in the equipment being fabricated from the design docu-
mentation rather than the documentation being copied from the
equipment. This assures that the documentation is adequate for
production.

Since this project was for the purpose of development and
demonstration of the design method, its scope was limited to
the design of printed circuit boards (PCB) but the method is
generally valid.

SYMBOLS LIBRARY

The Symbols Library is a design and documentation tool
consisting of an open-ended catalog collection of named symbols.
The symbols are manipulated by the designer to produce a piece
of documentation. Each symbol is allowed multiple definitions
so as to allow different types of documentation to be produced
from the same input.

A symbol is a collection of line segments which can be
logically grouped and used as a group more than once. All that
is required is that each line segment maintain its position
relative to the other line segments which make up the group,
and that there be a potential re-use of the group.




A symbol may be as simple as a circle or an arrow or as
complicated as an entire assembly. Symbols may be moved,
rotated, scaled, repeated, etc., along with other symbols
and lines to make up a final drawing.

A symbol may also be made up of other symbols, i.e.,
symbols may be 'nested'. Nesting is the normal method of
producing all symbols above the primitive set, as shown in
Appendix 2, which illustrates some sample symbols and their
definitions.

The Symbols Library concept modifies the simple definition
of a cvmhol to allow a given symbol to be multiply defined
(see Appendix 2 for a sample) so that, for example, the
assembly drawing and artwork for a printed circuit board are
able to be produced from the same drafting program by simply
changing the symbol set.

The result of allowing multiple definitions of symbols is
that the designer can think of symbols representing logical
items rather than a collection of lines. Thus, he would think
of a symbol called 5420 as a 14 pin IC containing two four
input Nand gates knowing that the system would draw the
schematic symbol, package symbol or artwork symbol as re-
quired, but the designer would always refer to it as '"'5420 at
location such and such'.

The symbols are cataloged into a library which is open-
ended allowing for growth. The printed circuit board (PCB)
Library consists of symbols with four definitions; namely, the
artwork symbol, the package outline, the internal schematic,
and the alphanumeric label symbol. (An initial library is
included in Appendix 3).

The Symbols Library is intended for use as an integral part
of the design process, as will be seen in the next section,
thus providing the dual benefits of simplifying the documen-
tation of a design and guaranteeing the adequacy of the docu-
mentation. There is an additional benefit that occurs after
the design is complete in that engineering changes are vastly
more simple to document since only that portion of the drafting
program which is affected by the change need be redone and new
drawings can be immediately produced on the drafting system.

PCB Design Using Symbols Library

The starting point of the design process assumes that a
valid schematic of the circuit to be designed is available.
Note that design is the discipline which produces a PCB from
a schematic as opposed to engineering which produces a proto-
type and schematic from a specification.




The design process (FIG 1) is begun by the designer
reviewing the design symbol catalog and adding new symbols
using the library maintenance software if necessary. When
the library contains all of the symbols (usually there is
one symbol for one component), the designer prepares a design
input deck which contains all symbols (components) that he
uses and their location and orientation.

The design input is run through the design assistance soft-
ware. The designer gets out of this program a parts list and
a magnetic tape for the drafting system with the component
layout on it and information for the routing software.

If the PCB is a one or two-sided board, it is uneconomical
to use a computer routing program to provide the interconnec-
tion. The designer usually routes the interconnection
manually. This process follows the dotted line path on
Figure 1 as follows:

e The designer receives a two or four times blowup of the
artwork upon which he sketches or draws the interconnec-
tion pattern. This pattern is digitized by the drafting
machine and run through the computer post-processing
program to produce the interconnection pattern of the
correct width.

e If the PCB is a multilayer board the interconnection
data is sent to a routing program which routes the
connections and returns a magnetic tape.

e The component layout tape and the routing tape are then
processed by the symbol resolving system and drawn using
an automated drafting system. The end results of this
process are the artwork, a numerical control (NC)
drilling tape, an assembly drawing and a schematic.

The artwork is used to fabricate a PCB which is drilled
using the NC tape. The components are then inserted using
the assembly drawing as a guide. If automatic assembly
machines are used, the data for the program is already
available since the location of all components is already in
the Data Base. After soldering, the finished board is tested
and after successful completion of the tests, the design is
complete.

Since the documentation has been used to fabricate the
PCB, the fact that the testing proved that the PCB design
is correct, also insures that the documentation is adequate.
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IMPLEMENTATION OF THE DESIGN SYMBOL LIBRARY SYSTEM

The Design Symbol Library has been implemented at ECOM
by the use of a combination of computer programs on a large
computer (Burrough B5700) and a computer controlled automated
drafting system (TRIDEA).

A description of the structure of the software and hard-
ware components of the Design Symbols system follows.

LIBRARY

The Design Symbols Library is stored in two parts. The
first part contains the data which allows translation from
part number or component type to symbol name and the second
part contains data which allows translation from symbol name
to drafting commands for the drafting system. This division
of the library into two parts is due to many different
electronic components having the same symbol; e.g., the many
components that are housed in 14 pin dual in line packages
(DIP). The two-stage revolving of the component or part
allows only one copy of each symbol to be stored.

The first part of the library is the part which inter-
faces the system to the designer. The data contained in this
part for each component includes: component type, component
description, schematic symbol name, package symbol name,
power dissipation, component number, pad size, location of
component center and component orientation. This part of the
library is stored on magnetic tape located with the large
computer system (B5700). In addition to providing the data
for the component layout symbol tape this part of the library
supplies the data for parts lists.

The second part of the library is the part which inter-
faces to the drafting system. It is located on the disc
storage system which is part of the TRIDEA automated drafting/
digitizing system. The library is maintained in two sections;
one section contains the fixed disc which has the unchangecable
symbols, and the other contains the removable disc which has
the changeable symbols, i.e, the assembly drawing symbols and
the artwork symbols where the same symbol call produces a
different configuration on line segments depending upon the
symbol set that is on the removable disc at the time. This
part of the library is comprised of files whose names are
equivalent to the symbol names which are output from the
design assistance program. Each file contains a combination
of drafting commands and calls to subfiles, also drafting
commands, which produce the required symbol when called by
the drafting program.




DESIGN ASSISTANCE SOFTWARE

The Design Assistance Software is a set of computer
programs which allows the designer to layout a printed circuit
board using the design symbols library. These programs are
written in FORTRAN to run on the large computer system
(B5700) in conjunction with the data in the first part of
the Design Symbols Library. The operation of the Design
Assistance Software is as follows:

e The designer prepares and submits a deck of computer
cards to the program. Each card of this deck contains
a component identification, the component number, a
component type, the position of pin 1, the orientation
of the component and a part description.

e The software reads this card deck and sorts the data
into order by component type.

e The software starts at the beginning of the sorted
cards and searches the first part of the data base
for a matching component type. It extracts from this
library the data it needs. It then writes the symbol
for that component onto the Artwork/Assembly drawing
tape and, if requested, writes the schematic symbol to
the schematic tape.

e The software next repeats that process for all cards
in the input deck, and when it has finished the input
deck it writes out the part list, power description
list and pin/voltage list as requested and terminates.

o After all of the processing is completed, the program
terminates the output of data to the tapes and writes
and end of file on the tapes. The component layout
tapes are sent to the automated drafting system and the
lists are given to the designer completing the
operation of the Design Assistance Software.

LIBRARY MAINTENANCE SOFTWARE

The Library Maintenance Software is a set of computer
programs which allows the first part of the symbol library
to be initially built and then updated as needed. The pro-
grams are written in FORTRAN and run on the B5700 Computer.

e The inputs to the program are the current sy hols
library Part 1 tape and an input library update card
deck.

® The outputs are a new symbols librarv Part 1 tape, a
listing of the changes, and if requested, a complete
listing of the new symbols library Part 1. ]

o)




The program operates in three phases: First the input
data is read and sorted by component type; second, the input
data is merged with the old symbols library and a new symbol
library type is generated; and third, a listing of the new
symbols library is generated.

Library records can be added, replaced or deleted. An
input record whose component type is not in the old program
library is added to the new program library. Input records
whose component type is already defined will replace the old
program library reference on the new program library. If,
however, the input record contains the characters '"*DEL"
after the component name, the library entry with that com-
ponent name is deleted from the new symbols library tape.

After the completion of the processing of all input cards,
a listing is made of all the changes which were made in the
symbols library tape. After the new symbols library tape is
completed, a listing is made of the entire symbols library if
that option was requested and the program terminates.

DESIGN SYMBOLS CATALOG

The Catalog is composed of the latest listing of the
contents of the Part 1 tape in the symbols library which is
produced by the library maintenance software along with a
drawing of the symbol(s) produced by the automated drafting
system which corresponds to that component.

The Design Symbols Library catalog is the document that
allows the designer to know what components are presently
available in the symbols library. The designer uses the
components which are in the catalog in designing the circuit.
If a particular component does not exist in the catalog,
the designer or someone else can add it to the library by
using the library maintenance software to update the catalog
and library. If the drafting symbol that corresponds to that
component does not exist, it is prepared by the operator of
the automated drafting system. Thus the library and catalog
grow as the library is used.

AUTOMATED DRAFTING SYSTEM

The drafting system is an ACTRON/TRIDEA Automated
Drafting/Digitizing System. It is a flat bet computerized
system with the following major components:




Table - The drafting surface is a 4 foot by 5 foot
flatbed table. The drafting/digitizing head, which has a
6 position turret and a television camera, is positioned to
within .00l inches by feedback controlled XY gantry. The
drafting system is controlled by a Varian 6201 Minicomputer
which reads the drafting data from an input device and
positions the drafting head using feedback data from the
coordinate measurement system. In the digitizing mode, data
from the coordinate measurement system is written to an out-
put device.

Input /Output Devices - The TRIDEA System accepts input
data from paper tape, 7 track magnetic tape or from the
operator's console and outputs data to either paper tape or
7 track magnetic tape. Data is also kept on a magnetic disc
storage device.

Drafting Software - The drafting software, which is
known as Al-draft, is a computer program which reads the
drafting data, which is in a special purpose drafting
language, translates this data into movement commands for the
table and controls the movement of the drafting head from
feedback from the coordinate measurement unit.

Drafting Language (Appendix 1) - The syntax in which
drafting programs are written is simple. Each input record
describes one m ‘ement of the drafting head. One record
tells it where the head is to move to and from its current
position, whether the pen is down or up, or whether the
movement is in a straight line, an arc, or part of a para-
bola. There are also auxiliary commands to tell which pen
to use, whether the lines are dashed, whether to draw alpha-
numeric symbols, etc. The language also allows geometry
commands such as mirroring, rotating, etc.

Digitizing Software - The digitized software accepts
positional information from the coordinate measurement system
and outputs data in the drafting language to an output device.
The lines on the drawing to be digitized are followed by the
television camera under control of either the operator or the
automatic line following hardware and output record describ-
ing each line or are written on the output device.

SYMBOL RESOLVING SYSTEM

The Symbols Resolving System is implemented by a combin-
ation of software and hardware enhancements to the Automated
Drafting System. In order to provide storage for the symbols,
a disc storage system was added to the hardware. In order
to provide access to the symbols on the disc system, a disc
operating system and a revision of the input section of
Aldraft were added to the software.

8




The disc provides space for five million characters to
be used for symbol definitions and application drafting
program storage. The disc operating system provides the
means to build and access named data files. These data files
are treated as symbol names of Aldraft and which starts
reading instructions from a data file rather than the input
program whenever a data file's (symbols) name is encountered
in the input drafting program.

ALTERNATIVE IMPLEMENTATION

The symbols library concept can be implemented in a
number of ways. The system described above is the one which
was implemented at ECOM. Its design took advantage of the
availability of an on-site large computer (B5700) and the
availability of a disc operating system for the automated
drafting system.

An alternative is to implement the symbol resolving
system as well as the design assistance software on a general
purpose computer. In this case the symbol resolving system
would be a language pre-processor which would read the input
drafting program, look for symbol calls and insert the proper
set of drafting commands to produce that symbol on the
destination drafting machine. This implementation would
allow a designer to implement the symbols library without
owning a drafting machine by renting time on a remote draft-
ing machine and using a software symbols resolver to produce
the drafting programs for that machine.

Other feasible implementations exist which would provide
the symbol library function equally as well. The essence
of the function is not in the implementation but rather is
providing the designer with a catalog of standard symbols
and requiring that he use these symbols in the combined
design/documentation effort and that the end product be made
from the documentation produced by this effort.

CONCLUSIONS

The Design Symbol Library has been designed as a solu-
tion to both the problem of the high cost of design and docu-
mentation and the problem of adequacy of documentation for
production.

As a test of this system, an interface board was de-
signed using the symbol library (Appendix 4). During the
design process the following advantages over the standard
design methods were noted:




e The current revision of the design was always
available to the designer.

e No sketches were used in the design process.

e The accuracy of the final artwork was .00l inch
independent of minor deviation in the designers
input since the Drafting System gridded the final
artwork.

e The artwork to produce the board was immediately
available at the end of the design effort.

e The assembly drawing and the logic diagram were
produced by merely changing symbol set and re-running
the samc¢ drawing tape on the drafting system.

e The parts list was a computer listing from the
Design Assistance Program and was, therefore,
available without any extra effort.

The Design Symbols Library thus demonstrated that it
does indeed solve the problem of inadequate documentation
while reducing the cost of the design documentation process.
The combining of design and documentation into an integral
process results in a more efficient process through elimina-
tion of steps as well as insuring the adequacy of documen-
tation.
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APPENDIX 1
JESCRIPTION OF A SUBSET OF THE ALDRAFT LANGUAGE AND AN EXAM
Aldraft is a special purpose computer language whose pur- i

pose is to allow the description of drawings. Each input |
record in this language is limited to 56 alphanumeric charac-

el and describes either a setup command or one pen motion |
command. The language in which the commands are described con- :
3ists of mnemonic operation codes and alphanumeric operands. 1
description of a subset of these commands is as follows: |
OPERATION MNEMONIC OPERAND
" ]
Move to an X position X number X 50; .
Move to a Y position Y number b B

Move to X,Y position X 50 Y 10:
Draw an Arc Arc AnXn¥Yn \rc A45 X10 Y10

Lift Pen D2 D21

Pen Down D1 DE &
Write Text D Number Text D10 Example;
Number Program Line N Number N1

Incremental or absolute positioning PO A or PO 1

v v 3 5
AN EXAMPLE PROGRAM IS:
NOLIX 10 Y 1O Dg: 4 /
N@2 ¥ 20 Dl ; 2 S
N@8 X 15;
NO4ArcAl80 X 20 Y 20 =
NOS5 X 30;
9]

NO6 ¥ 10; ’
NQ7 X 10;
NO8 X O Y O D2;
The number beside each line on the figure does not appear ii

the drawing but are added here to aid in understanding the

example.,

L




APPENDIX 11

SYMBOL DEFINITION AND EXAMPLES

Symbols are files on the Disc Storage unit which contain
descriptions in Aldraft of the desired figure. The description
is allowed to refer to other symbols in order to define that
figure, and, in fact, that is the normal mode of definition.

Thus, I
POT ;
X.075;
Arc A360
X-.075;

Then a 14

(9)

{(14)

Note
end of a

F.ﬁ“( =3 ) o

PADO75 is defined as:

XOY0r: +_"

pin DIP (DIP14) would be defined as:

" ©o o o @ e o o

X0YO;
!PADO75;
X.1
'PADO75;

! -—+— (<] o o o o o

Y.3
ITPADO 75 S
X=,1
'PADO75;
X=.1;
'PADO75;
Yur'u 3

that symbol calls are denoted by ! symbol and the

symbol definition by a record containing only an

12
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ﬁ
i
i
SYMBOL DEFINITION AND EXAMPLES

] A layout of 14 pin IC pads would be described as follows:
!
f POA QeRPO o0
5 X0YO; c0¢odop

€L} YDIPL 4

X 23
G2 'DIP14;
' ¥ 7] s [ X XN N-X N e cCceC 0

i IDIP14; 3
? ——bo0p 000 ececqac¢
: If a new set of symbols is loaded onto the Disc where
i DIP14 produces the following symbol:
i .

Then the above layout program would produce:

. lﬂ m
This is how assembly drawings are produced from the same

program as the artwork.
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APPENDIX III ]

INITIAL LIBRARY

initial library is in two parts. The first is
(part type to symbol) library which is used by the
n Assistance Software and is in Part 1 of Appendix

'he second is the (symbol to drafting pattern) library
ch is used by the Symbol Resolving System and is in
» of Appendix III.

14
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FILE NAME- D4
SYMBOL SET-
SCALE- 2 x

DATE- Aue¢ 25, /975
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FILE NAME- pwie
SYMBOL SET-
SCALE - 2 x

DATE - pue 25, 1975
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FILE NAME - pip2 4

STYMBOL
SCALE -
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NAME - DIP 40
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FILE NAME- Rcz20
SYMBOL SET-
SCALE- 2 x

DATE - Aue a8, /575
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FILE NAME- em s

- SYMBOL SET-

SCALE- 2 x
DATE-  Auc¢ 25, F975
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FILE NAME - SPr¢0I
STMBOL SET-
SCALE - 2x

DATE - 20 NoV 728~
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FILE NAME - To99
SYMBOL SET-
SCALE - 44X
DATE  Nov 20,1915
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FILE NAME-  eownzsPC
SYMBOL SET-
SCALE- /1 x

DATE - Auc 25, 1978 j
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FILE NAME -
SYMBOL SET-
SCALE- /x
DATE - a44¢ 75
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FILE NAME- Exri12¢

SYMBOL SET-
SCALE - 4 x»
DATE - 25 #uc

75




FILE NAME - er X3
SYMBOL SET- Gl
SCALE - 4

DATE - 25 pue 75

29

O

\J/




FILE NAME - CIrO040
SYMBOL SET-

SCALE - 4 x

DATE - 2s Auc 75
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FILE NAME- ¢ereocac
SYMBOL SET-

SCALE-  4x

DATE- 2¢ AUC 25
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FILE NAME- Prca
SYMBOL SET-

SCALE- 44X

DATE - 25 gucusr 7¢
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FILE NAME- marki
SYMBOL SET-
SCALE- 4 Xx

DATE - Auc 25,1575
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FILE NAME- EPAD
SYMBOL SET-
SCALE- £x

DATE- .25 su¢ )5

Lk
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APPENDIX IV

DESIGN EXAMPLE

An example of a printed circuit board designed using
the Design Symbols Library system is included here:

Fig 4.1 is the front of the artwork
Fig 4.2 is the rear of the artwork
Fig 4.3 and 4.4 are an assembly drawing of the board

Fig 4.5 and 4.6 are a logic diagram of the board

All of these figures were produced from the same lay-
out tape by using different symbol set.Routing informati
was added to produce the artwork and logic diagram and
lettering was added to the assembly and logic drawings.
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APPENDIX V

Listing of the Design Assistance Software Main Routine i
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LAttt sttt ottt sttt tt ittt ittt ot tttttt st det vt st e ettt tertttrrmre

THIS FROGPAM 1S THE HERFT OF THE CESIGNERS DRTA BRSE.

THE USEF TNFUTS HIS COMFONENT LIST WITH

COMPONENT ICENTIFIER (ALPHA> = COLIMN 1

COMPOMNENT NUMEER = COLUMN 2 THRU S

COMPOMNENT FPARFET NUMEER = COLLMN & THRU 26

N OFOSITION IN INCHES = COLUMN 21 THRU Z@ (PIN 1>

Y FOSITION IN INCHES = COLUMN 31 THRU 4@ ~
CPIENTATION IN CEGPEES = COLUMN 41 THRU 45

CESCRIPTICON OR COMHENTS = COLUMN 46 THPU 72

FRD SIZE FOR COMPONENT = COLUMN 74 THRU 8@

A MAXIMUM OF 262 COMPONENTS MAY BE ENTERED

THE PROGRAM SORTS THE DATA IN ASCENDING ORDER BY COMPONENT PRR
NUUMEER ‘

A SEARCH IS THEN MADE THROUGH THE LIBRARY TO LOCRTE THE COMPONENT
PART NUMBER IF THE PART IS FOUND THE SYMBOL NARME FOR THE TRIDER
DRAMING SYMBOL LIBRARY IS WRITTEN ON THE OUTPUT TRPE. IF THE
COMPONENT IS NOT FOUND A DEFALT SYMBOL IS DRAWN ANT THE APPROPRIATE
MESSAGE IS PRINTED

LUN 18 IS THE PPOGRMAM LIEFARY TRFE

LUM 19 IS THE TRIDER TAFE FOR PACKAGE AND PARD DATA.

LLIN 20 IS THE COMPONENT FOMER FILE

LUN 21 IS THE COMFONENT PIN FILE

LUN 22 IS THE PRRTS FILE BY TYFE.

LUN 23 IS THE TRIDER TAPE FOR LETTERING AND SCHEMATIC DRAWING:. 630155606

(o Mo 3 o Mo B o A T I A T B o T e B A I o e I B O O B SO B B B B o

0 o OO O 0 o e S S T S N S g e o S M S e o s o S e e s e S S S o o o e o e
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1 OO0

OO

ONO0n

QOO0 0

oo

Prie e s et

IMN = INITAL

AR E S XA R Al AR AR RS SR AR SR A A XA R AR NSRS R R RS

IPATION

LOGICHL FPINS, KPHFR, NFLL | FFFI

DIMENSION

LPINS IS FLAG FOR PIN TO W0L TRGF | TST

FPHFR IS FLAN FOR PORIFF L 15T

MNER IS R FLAG SFT TRUE FOR FARCH MNFE | TRRARY
RECORD WHICH TS PFRD

LREFL IS A FLAG SET TO { RFEFL CNMPANENTS
WITH COMFOMNENT NO OR DRPAI INTERPNfA STHMYC

RLIB(Z4) . ROMFCIMA. 175, TEMPC19)

RLIE 1S THE LIPFARRY RFCORD RLUFFER.

WORPD NG
2T B
4 TG 18

15 TO 20

21 TO 23

TR

>a
a,

p 7
2,

[
Wk
14ty

AW

3
4

CONTENTS
COMPONENT TYFE (TR
COFaNENT CFECPIPTION <1S58:1)
SCHEMHI I FEFFFENCE FOR TRIDEA LIERARY (2R4)
CHEE SYMROL FOR TRIDER LIRRARY (2R4. R
POMER « CTES. )
CENTER FOR LETTERING X (F18. %)
CENTEFR FOR LETTERING ¥ (F14 S>
FIN <AX.FR 2, 15
POWER ON FPIN (FS 10

CMP IS THE COMPONENT RECOR(D

WORD

1

2

370 'S
€

e

g

9 T4 15
16

17

COMTENTS
ALFHA COMFONENT 1D, (4R1)
COMPONFNT NUMEERC(F4. @)
COMPONENT TYFE (2R4)
M POSITION PIN 4 (F1Q 5O
Y POSITION PIN 1 (F1@. 5)
ORIENTATION IN DFGREES (FS. @)
COMPONENT DESCRIPTION (7R4)
COMPONENT PRD SIZE
SPARE

M

i~
+

|
|
{
|




LR A R Rl R R R L L L N R R

COMMON /TARPE/ 1PACK, ILETER
COMMONATOA LUN, LUNER
COMMONACME/ . ¢

THESE COMMOMN AFERZ PASS INFORMATION TO THE SURPQUTINFS HHWICH
ARITE OGN TRIDEAR TRPE

DRTA LPLR/ 2@/, LPIN/21/, LCMP/22/

DRTA LPLZ12/, LLP/€/, LCR/S/, EOF /4HS9%+/
CALL TIMECONC(E)

IPACK = 19

ILETER = 23

-UNER=6

.PL = PROGRAM LIBRARY

{LP = LIMNE PRINTER

.CP = CARD FERDER

JUN = TRIDEAR QUTPUT TAPE

(UINER= EFFOR OUTRLUIT <LIME PRINTER)

LPUR = COMPONENT POMEFR FILE

LPIN = COMPONENT PINASVOLT FILE

LCMP = COMPGMNENT PARFTS LIST FILE

IFPACK = TRICEA TAFE FOR PACKAGE DRAWING AND PAD CONF IGLIRATION

ILETER= TFICEA TAFE FOR PACKAGE LETTERING OR SCHEMATIC DPAUING

ALL CARDTAOCISK
THIS SUBROUTINE PERDS THE DRTA CARDS AND
PLITS THEM ON THE BURROUGHS CISK

'EMIND LFPL
'EWIND IPARCK
'EWIND ILETER
SET UP TARPES

N = JPACK
PEN = 1
SELECT TRIDER PACKARGE TAPE KWITH RLATK PEN <(PFN 1)
AlL BEGIN CIFEN)
M = TLETER
PEMN = 2
SELECT TRIDEAR LETTERIWNG TAPE WITH RED PEN (FEN 2)
ALL BEGIMCIPEN?
INITARLIZE BOTH TRIDER TRAPES

FITECLLP, 140>

TOP OF FOFPM
RITECLUNER, 140>

TOP OF FORM

(Sle R &8 R C]

APATATAA

Y4 0 e oy

A4 220
SRR e B Y]

Ve 27 4 a0
AT =0

AAO 2750
AT D TA

[ O AT |

COrare YT e

ey

ey 20 0T
ey 2 T
e e S

L TR K]

AR RS R RS TA R L L L Ll AL At a b a il Ead i i il dd Al il il d st il ialdd i d i it
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C""0090'0'0"0'*"07"00900't’.*t’.'*""""b'0"0»-0‘-

CEEGIM INPUT OF PROGRAM CONTROU

CALL IMNPUT (LCR. SF, ER, KPWER, KPINS. LUNFP. | RRFL )

€
€ SF= SCRLE FRCOTOR
C ER= EASE ROTRTION
C KFWEF= | JST POWFF RFCHITRFMENTS
% KFINS= LIST VOLTARGE & GH[: FINS
CENC
o
CEBEGIN DRAW CRAGIN
c
LUN = TPRCE 7 AcAd 1A
CALL ORG ¢(SF) R B
LIUMN = ILETER QRAsaaTA
CRLL ORG (SF)
i URAW A SCALED ORAGIN ON EOTH TRFES aAN24c60(
CEMD
CEEGIN CHRD INPUT SORT
>
CHLL SORTIT (RCMP, LCR. LUMNER. LENGTH)
(= THIS SUERAUTINE WILL SORT THE INFUT CRRD RECORD INTO RRRAY
C RCME AND STORE THE NUMBER OF COMPONENTS IN LENGTH
C
CEND
[
CEEGIN TEST OF FESULT OF CRLL TO SORTIT
| »
IFCLENGTH GT @) GO TG 18
-
€ ELSE
c
WRITE (LUNER. 182>
> WRITE ERROR MESSRGE =RRORTw
CALL EXIT
= #wABORTwwmEX ] T %
1@ CONTINUE
CEND
(7 o e e e e g e e A N S N 2 N e e e - o e o e e e i e B e o v R
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L T O R I S R I I R T A T T

CEEGIN SERFTH NF FROGKRAM LIBRAMFEY FOR THE RECOR( COMPONENT S w0 RPEOCTS -

& THEM
€
MNEW= TRUE
00 89 I=1, LENGTH

€ SEARRCH FOF ERCH FECOFT IN FOME ARSSY

c
IF ¢ NOT NEW> GO TCO =&

c i COMT READ A NEW L TEPAFY FPEEEPFNCFE LINLES

€ COMPOMENT TEST WANTS 1T [wnE

C ]

ze RERDCLPL, 11@) (FLIECT -, J=1. 24>

c FRERL & FETARD FROM | TREARY
NELI= TRUE

(= A ONEW FECORD HAS BEEN FEAD FROM THE | IRFREY
IFCRLIEBCLY NE EOFY GO TO 30

o IF NOT AT LIEFARY END

c GO TO 2@

Cc ELSE

WRITE C(LLUNER. 126
c WRITE ERROF MESSAGE ON L UNER

DO 25 J=I1.LENGTH
c LIST THE COMPONENTS NOT FOLIND
WRITECLUNER, 130> (RCMP(J, K>, K=1, &>

(&}

as COMTINLIE

GO TO e1
COMPLETE THE JO& AND QUTPUT REQUIFED LISTS

38 CONT INUE
NOT AT ENC OF LIBRARY

c
c
(o
c
c
c

e s o 0 20 o o 0 0 0 M o o T e R e e g B o




Coson ot oW OR R R R Rt K FRRE L T HP Lt F v et Pttt s e Pl d e rrdtr st od oty

G

o

c BEGIN TEST OF COMPOMENT VS LIRFAFY
DO 6@ J=1.3
c TEST 2 WORDS OF ERCH FECORD
K=J+2
C TEST 1~3 OF LIBRARFY RORINST =-S5 OF COMPONSNT
(&
IFCRLIBCII-RCMPCI, KD)D 20, £, 4a
€ : IF COMPONENT GT L IESAPY FPEAD
c ANCTHEF | IRPARY RECOARD (20
C ; IF COMPONENT EO LIERAPY MEFL
c: THE COMPONENT A< SFECIFIFDL (AR
£ IF COMFOMENT LT | IRPAFPY WRTTF
£ MESSHOE QN LLINER ANO: TOVY NEST
(2 RECORG-RCMP- <4@)
€
40 CONT INUE
€
(> BEGIN ERRCR ME=SRGE FOR COMPONENT NOT FOUNG IN [ BRY
5
WRITECLUNER. 156) <(RCMPCI, KK). KK=1, S
&
C END
c BEGIMN SET UFP TO CHECK NEXT COMPONENT AGATHST | TERAPY
I=1+1
& INCREMENT TO NEXT COMPONENT CF PCMF RERRY
c
IFCI-LENGTH> 3@, 30, 2a
(5 CHECK IF RLL COMPONENTS HRVE
c EEEN PROCESSED. YES THEN @
€ NG THEN CHECK NEXT COMPONENT
e AGRINST LIBRARYI2A)>
c END
&
éa CONT INUE
3 A MATCH OF COMPONENT TC LIBRARY HAS BEEN FOUND
c END
c
C sttt e e oo e spe o 0 o

48
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B R R R I R R R R R I ‘e -4 sy

C BEGIMN WRITE ARFFRIFPRIATE DATAR FOR PRINT (WIT LRTFF

CENTX=RLIBCZS+RCHFCT. A
CENTY=RLIR(2E)+RCMP(T. 72

SHes T

AATITA TN

C COMPLITE RRSOLLITE CENTEFR FROM OFTGTNWTTG 760
C (71 ¢ 15 s S
WRITECLPWR, 16@> (RIMFCI. JT+, JJ=1. 5. CENTY. CTENTY OR2Z ST 00
* RLIB 24
€
c WRITE DATAH TO THE PAUEF FI1E NOTE FOPMAT
C ICNQ . TYPE. CENTEFRY, CENTERY. POLFF
c .
' WRITECLPIN, 17@> (RCMFCI. II5, 1J=1.5), (PLIE b} b T 34
c WRITE DATA TO COMPONENT FINSOLTHRAE FILE
€ NOTE FORMAT
(2
IFC NOT NEWY GO TO 7?92
c CHECK IF LIBFARY RECOEM KRS
C ALFERDY QLITE T  VES THEN Tn
C ELSE
WFITECLCMP, Z1& T T T
WFITECLCHMP. Z1a) @anzsT o0
WRITECLCHME, 218D ABATITA
(> WEITE = BLANK RECOR(CS AAATE T g
WRITECLCMP, 120> (PLIE‘VKY.F¥=1.183)
™
c WEITE LIEFRFY DATR TO COMEONENT FILE
MEW=. FALSE
(= SET FLAS TO TNOICATE LIBRARY REFERENCE
c HAS BEEN PROCESSED
WRITECLLP, 196> <RLIEBCKK)Y, KKk=1, 18)
(=
[ > DISPLAY L IPRARY COMPONENT AN[: DESCRIFPTIMN
ON LIMNE PRINTER
>
78 CONTINUE
€
WRITECLLP, 208> (RCMFCI. JJ), JJ=3.5), (RCMFCI. kK. KK=&, 157,
+ (RCMPCIL LLD, LL=1, 2, RCMPCI. 1A
C
[ > DISPLAY COMPONENT DESCRIPTINN ON LINE PRINTEFR i
>
WRITECLCMP, 218> (RCMP(I, JJ)>, JJ=6, 7>, RCMPC(I, 16D,
* C(RCMP (I, KK), KK=1, 2>
c
€ WRITE COMPONENT ID ON COMPONENT FILE. RAND
(™ PIN 1 POSITION
2 END
Cc
C oot b et s e e e b o o S5 SR 3 o R o o Y M S S O e
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P~

C EEGIN TRIUER SETUP

|l

Do TS JJ=1.17

TEMP{JI)=RCMP (1

e

Tt CONTINLIE
€

CALL TRICEACTEM

(s
C DRAW IC ON THE
c
c

2@ COMNTIMNUE

21 COMTINUE
£ END FPROCESS OF COMPUONENTS
@
€
{5
(0
C PR AR RS SRR AR RS AL L L E L bt b
=
CBEGIM TEFMIMNRTION OF FILES
c

LHFTTE CLPLF. ¥ EOQOF
WEITECLFIMN, 2207 EOF
WEITECLCMFP. 238> ECOF

- JJID

T ET T
AAATRN

PUT ACTIVE COMPONENT DATA INTO ARRAY FOR @eGzes™o

TRANSFER TO TRIDER SUBROUTINE

P. RLIB, SF. BR. LABEL >
TRIDEAR WITH APPROPRIRTE LABEL

AND L IBRARY

@ARTETTS

AAAZRTAM

Gaa2avan

AR o RO NEOROR M ROROB ORI A o R R R R b ROR o Ob

e e o OO O e * ST RO o O

C WRITE END OF FILE TRG ON ERCH FILE
Lun = IPRCK ARALaZo
CALL THEENC: aaad4aein
L = TLETER atasazca
CALL THEEND

(= CLOSE THE FILES

CEND TERMIMATION OF FILES

o

T ot e o o e e e e oK W N e
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I R e R R 2 I S N e T e SR A LA S TR

"EEGIMN DATA LISTS

00

00 o000

OO0

o0 00 OO0

000

REWIND LPUR
REUIND LFIN
REWIND LCMF
REWIND FILES FOR LISTS

IFC NOT KFWERY GO TO 85
; CHECK IF POMER DISSIPATION LET FFO
MO - GO TO &S
ELSE
WRITECLLP, 24@>
TOP OF FORM OMN LINE PRINTER AND HFRUER

83 READCLFWR, 1€@> (TEMP(JIJ>. JJ=1, &>
READ A RECORD FFOM POLER FILE

IFCTEMPC(3). EQ EOF)> GO TO €5
CHECK FOR END OF FILE MARK
YES THEMN &S

EESE
WRITECLLP, 258> TEMF(Z:. TEMFC4y, TEMF(S), TEMPC1), TEMPC(2.. B2 e
1 TEMPC(ED, TEMRC? :, TEMPC(Z)
n PRIMNT TYPE. COMPONENTNO. , CENT-X, CENT-Y. POWFR
GO TO 82
GET NEXT RECORD
85 CONTINUE

FINISHED WITH POWER LIST

S O

S




™o

00000 O

OO0 ) X 00 0 O

o0

o000

I R R RE R TR R TR R R PR RS SRS S A SR R AR A A0 A B R0 AL A A A I I I S

IFC NOT KPIMNSY GO TOQ %@
CHECK IF PIN YOLTRGE (15T I REOQ
N0 THEN Séa
ELSE
WFITECLLF. 2€a)
TOF OF FORM AND HERC NG

e? REROCLPIN, 170> (TEMPC(JJ». JJ=1,13)
READ VOLTAGE DATH
IFCTEMPCZ). EQ. EGFY GG TO S
CHECK FQR END OF FILE
YES THEN 90
ELSE
EEGIN COMFUTE THE INCEX OF THE LAST VOLT/PIN PAIR
IEND=S
INITALIZE INDEX
DO 29 IX=6,12,2
CHECK EARCH OF FQUR PIN NUMBERS TO FIND LRST
IFCTEMPCIX). NE. ©. 80 TEND=IX+1
IF PIN NO OS5 NOT ZERQO THEN
: IT IS CONNECTED TO ¥CL TRGE
€9 CONTINUE

EMD

WRITECLLP, 272> (TEMPCJJ), JJ=1, IEND)
PRINT COMF NO, TYPE, PIN.
VOLT, PIN, YOLT.
GO TO 87
READ THE NEXT RECORD

98 CONTINUE
FINISHED WITH VOLTRGE/GROUND LIST

o M o e o e o e




B e R e R R e e AR A SRR R I

[
c PARTS LIST ALWAYS GENERMTED

WRITECLLP, 288>
[ TOP OF FORM RMD HERDING
{ -

95 READCLCMP, 296> TEMFCJIJI), JJ=1, 19>

C READ A RECORD FROM COMPOMENT LIST
Cc

IFCTEMP(1). EQ. EOF) GO TO 99
c END OF FILE THEN 99
€ ELSE

WRITECLLP, 280) CTEMPLJIJ), JJ=1, 19
6 WRITE DATA ON LINE PRINTER
GO TO 95
€ GO TO REARD NEXT RECORD
99 CONTINLUE

REWIND IPARCK QAR =T T

REWIND ILETER (2Lt SRS
o REWIND BOTH TRIDER TRPES. . AR S0
c

REWIND LPL
€ REWIND PROGRAM FILE
C

CALL TIMEOFF<(6&>

CALL EXIT.
C R EX] T
C = L AR o R o
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$50 EOEMATATHBTERD FECOECS FROCESISFr FRM IMFUT DEWICE /7

1 2EH ++ev FROGRAM AREORTED +eev 70
110 FOEMATEZRY. 1SR4, ZA4. 2A4. 1AZ, FS 4, 2F16. 5. 4C1%. F2 @, 1%, F% 1))
176 FOFMAT CSZHREND (F FILE FEACHED TN COMPOMEMTS L IBRARY///

1 ZEH THE FOLL@WING COMPONENTS NOT FOUND. // )
170 FOPMATCIH . 1AL, FS 6. X, 2A4.D
145 FORMATY 141
190 FORMATCLHE. 1A1. FS . 3X, A4, S, Z22HANCG LIBRARY REFERENCE+//)
1sa FOFMRTC1AL. F4 6, 3R4. 2F12 4.F12. S D
17O FORMSTOLAL. F9 A, TRY, 402F1a 2))
150 FOEMAT A
190 FORMAT CLHD SnL 1SR4 aast zaa

on0 FORMNT 1M . 3 22, 1R1, FS @, Sx, SHFAC= .F14a 4>
21 FOFMATL 44 o= S¥, 4H Y= , F13 4. SX, SHPAD= , F1@ 4, SX.
+1 IHCOMPONENT= , 1AL F4 >
JI0 FOFMAT (SH L R4, 28X
2280 FORMAT (1R4, S2IND)
240 FOFMAT (LHL, 25¢. ZZHFOWER DISSIPATION LIST.
SeH TYFE COMPONENT CENTER=-M CENTER-Y FOWER
ZSeH INCHES INCHES WATTS
JEO FCRMST O CLHO. 2R, 4% 1AL F4 A, SK, F1@ 4, 1%, F1@. 4, 1%, F7. 3 D
2ER FOPMAT CiHL. 2 ZAHYOLTARGE AND GROUND LIST. /7
110H COMPIONENT. S dHTYPE. 25 SCSHPIN, 2%, SHYOLTS, 2X>~2/7)
ITH FORNATC1HA. 1AL, F4 0. 25X, 2A4. 49X, 4(F3 8, 2X, FS. 1, 2X))
1 OFOEMAT (1R, 44X, L1AHPARRTS LIST. /7>
FORMATCL9A4)
FORMAT (1HO, 19R4)
FORMAETC 741K )

END

AGNE260
QaAnS2m0 5

ARQS26nA

aeas21a

HISA=FM-50T-TT

4 —




