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= RESUME

: Nous définissons un symbolisme de codage permettant, & l'aide
E d'un nombre minimum d'énoncés, la description compléte des nombreuses
I interconnexions de circuits électroniques complexes. Ce symbolisme
g est devenu, au Centre de Recherches pour la Défense, Valcartier,

¥ 4 partie intégrante d'une méthode informatisée facilitant la transition
] entre les plans d'ingénierie électronique et la matrice pertinente

; d'interconnexions requise pour le montage par cdblage enroulé Wire-
» Wraﬁgl Le développement de prototypes &lectroniques s'est vu
) considérablement accé€léré par la préparation plus rapide des données
;'i d'interconnexions. (NC)
B
‘;4 ABSTRACT

We define here an encoding symbolism that permits, with a minimum
: of statements, a thorough description of the numerous interconnections of
‘- complex electronic circuitry. This symbolism has been integrated at
P the Defence Research Establishment Valcartier in a computer-aided
method that considerably eases the passage between an engineering
electronic schematic and the related interconnection matrix required
for Wire-WraﬂE)hardware. Electronics prototyping has been dramatically
speeded up with this technique because of the time savings in the
preparatory reduction of interconnection data. (U)
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. 1.0 INTRODUCTION

The packaging of electronic systems by conventional solder-
based methods is now being rapidly phased out in numerous applications
by the solderless wire-wrap technique. It basically consists in
wrapping solid wires around interconnecting component socket pins

i
3 \ thus achieving a reliable electrical contact.

At the Defence Research Establishment Valcartier (DREV), the

wire-wrap technique is mainly used for construction of prototype
electronic boards.

,;4 The wire-wrap facility is based on a semi-automatic
. machine which positions with a cursor the wrapping gun at the exact
! location where a connection is to be made. This machine, described in
o Ref. 1, is now controlled (Ref. 2) by a microprocessor which communicates
t with the DREV central computer which is required to supply a listing of
: . the necessary interconnections.
- Although more rapid for prototyping than conventional methods

, such as printed circuit boards, the wire-wrap technique is handicapped
by the time and effort required of the technician to generate from the
engineering schematics the two-by-n interconnection matrix, containing

the origin/destination of all n interconnecting wires. Moreover,

i considerable delays due to human errors are also quite frequent.

To fill the gap between the engineering schematics and the wire-

wrap machine, a computer-aided method was devised. It is based on a

symbolism which permits the full interconnection pattern of an electronic

1
engineering diagram to be encoded with a minimum number of statements.
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This symbolism is integrated into an efficient system capable of
generating the interconnection matrix.

Section 2.0 of this report is devoted to the design philosophy
of the method. Section 3.0 establishes the rationale behind the
descriptive symbolism and proposes a syntax for it. Section 4.0 then
describes the interpreter programs which decode the symbolic statements
to obtain a raw interconnection matrix. Section 5.0 deals with the
processing of the raw matrix to optimize the interconnection pattern
and format the data for the microprocessor. Support programs for
graphic display of the interconnecting data are presented in Sect. 6.0.
Section 7.0 summarizes the overall implementation of the method and
Sect. 8.0 presents a typical wiring session. A complete listing of all
the APL programs appears in Appendix A.

This report covers part of DREV's work under PCN 33A10,
Improvement to Equipment , from November 1976 to June 1981.

2.0 PHILOSOPHY

The installation of a semi-automatic wire-wrap facility at DREV
provided a faster way of obtaining working prototypes from electronic
schematic diagrams than the printed circuit method. However, the
point-to-point manual wire-wrapping method, as initially implemented
required tedious work before a circuit was ready for wiring. Part of i
this work, as detailed in Ref. 1, was to locate each pin to be wired

on the wire-wrap board and to write the related coordinates on the

electronic schematic diagram. From then on, a list showing the origin
and destination of each circuit wire was generated and entered into @
the computer to produce a paper tape having the format required to
feed the semi-automatic wire-wrap machine.




b e

UNCLASSIFIED
3

Although this method was quite acceptable for small circuits
having less than 200 to 300 wires, the necessity for a computer-aided
method of defining a circuit layout became more and more apparent as
the size of the circuits increased. In fact, the technique was time-
consuming and subject to many wiring errors which could not be discovered
until the power to the board was turned on. A computer-aided method
was thus devised to define the electrical circuit to be wired. This
method had to produce error-free wire listings from a minimum number
of definition statements while optimizing some wiring parameters, such
as the length of the wires, and limiting the total number of connections
per pin. Wiring errors (missing wires or wires connected to the wrong

place) also had to be discovered before the circuit was wired.

The first step in the present computer-aided circuit
definition eliminates the need for locating each pin to be wired on
the board. Provided the computer has the pertinent information about
the board and each chip's geometry, coordinate allocations for each
chip's pins on the board can be straightferwardly defined by entering the
coordinates of pin number one and the orientation of the chip on the
board. Once all the chips' board positions have been entered into the
computer, there is no further need to write each pin's location in board

coordinates on the electrical drawing to be wired.

The second step required is to describe the connecticns to bte
made between the defined pins to the computer. A first approach to this
consisted in entering the origin and the destination coordinates of each
wire using as defining terms 1) the number assigned to a chip in the
locating program and 2) the name of the pins, available from a chip
data bank. This method turned out to be as tedious as the manual
approach since the user still had to choose the exact placement of each
wire on the board.
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Many discussions about computer-aided circuit definition
requirements brought out the concept of defining connection nodes.
A connection node is a group of pins in an electronic circuit that
have to be linked together. This definition is understood implicitly
by the circuit designer as it is usual for him to identify the many
points that have to be tied together on an electrical schematic diagram:
starting at any point in the circuit, he follows all the routes starting
from this point listing the starting point as well as the points
encountered through the different routes. As will be shown later,
a connection node obtained in this way may often be entered into the
computer in one statement. The individual points within the node may be
entered under the form of 1) a chip number and 2) either the number
or the name of the pin. From a connection node statement, an
interpretive program defines the actual coordinates of the pins and a
link calculation program defines a circuit layout for this node so
that the shortest wires are used and that no more than three connections
are made on the same pin. The circuit designer can thus define a
circuit to the computer without any further reference to the chip
positions on the board.

On this basis, a complete language was developed to encode
electronic circuits into a computer-understandable format. This
language follows a few simple rules and permits an elaborate circuit
diagram to be defined to the computer in the form of a computer program.
These rules were established to ease circuit definition by permitting,
for instance, the definition of many connection nodes through a single
statement as well as the definition of one node in many statements.

This last feature is particularly useful in defining connections to the
power supplies since they are usually spread throughout the circuit

diagram. Error identification programs were also developed to find

missing wires as well as any unwanted links between two connection nodes.
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3.0 ENCODING OF AN ELECTRICAL SCHEMATIC DITAGRAM INTO COMPUTER FORMAT

An electrical schematic diagram is ready to be encoded into a
computer-understandable format as soon as the design is completed and
the type of wire-wrap board receiving the circuit is specified. For
the sake of clarity, the steps required to encode a circuit will be
illustrated by an example which will be referred to throughout this
chapter. This example is based on a circuit diagram (Fig. 1) containing
three chips, one 40-pin connector, three discrete capacitors mounted
on a 14-pin header, three power supply sources (+ 5 V and + 12 V)

located on an eight-pin header and an input two-pin header.

All the components of the circuit are first assigned a location
on the board. For this purpose, all the chips and the sockets for
discrete components are drawn to scale on a blank drawing of the
receiving board. Each is assigned a number which will identify it
in all the further steps of the circuit encoding. This is illustrated
in Fig. 2 where the chips and the sockets are drawn on a blank matrix
board and are numbered from 1 to 7. The different types of boards that

are currently used at DREV are described in Sect. 3.1.

The next step is the writing of a location program which provides
the computer with the location of all the pins of the circuit, using one
statement for each chip. The syntax rules for the location program are

given in Sect. 3.2.

The last step to encode the circuit is to specify to the

computer the electrical connections of the circuit by means of a

definition program whose syntax rules are explained in Sect. 3.3.

L Y

e

-




UNCLASSIFIED
6

i @ +12v +5v @ )
|3| 2 1| |14
v v.f i O.luf O.lpl;]T-

; 19 24
; L
. T B CON. 40
‘? J [} A7
3 2lne o7k 15
134 A5 o6 16 13 3
4
: A4 OSFE* I I
® of ;
o 33 7
b 02} s
B 2708
y oifs 3 4
i oo}r I 4
;! 21a3 Cs/WEl 16
= €laz  PrOGRAME—4 4
f Ua = 12 ;
f 8| AO 10 N
8
6
4 ]
! 2
i -

TERMINALS

GND 4 —8JGND +5V

|
| GND 3 —HeND +5Vl— vce 2
' GND 2 —8{GND +12viz— Voo
GND | — VB8

FIGURE 1 - Example of an electronic schematic diagram ready to be '
encoded into computer format ,




L] NOACHNO FDONDAOANOIND NOLNONDQo-tN N FOONAY
Nnsno A A A AASNNNNNNN aonnenanss+s ww w ssolblbisle
‘ ¢ @ & 0 o a2 » 8 & 2 ¢ ¢ 9 5 ® 0 » & v 4 - ® ® & & ¢ & o 8 ¥ ® 6 p & & o s
u. e s s oo ceosvser s o e se v en e e co ot as s
YRR R S i
ooLlliiiiiiiiiiie, T e :
v, . ce evsec e P L e e ..
M T ] l“..l' @ L] -« ¢
< 5 EBREBO: b b : .
I SO i SOt N il i
o gloeeereec-A-Beoddrenn- DRSS T
T x.:x“;./xmx Tl T
o - : u L - M Tl -
—
F . s & ® o 9 & 6 9 & % @ 5 9 ¢ - - . L I I ) - ®
L] - s e e 2 ® » o 8 ® @ 6 8 a0y - - - LY - e
w «aw ¢ s w® g a00o 0800 . . - PR Y
s . e ® 2 0 & & 8 % o & 5 » & L] - - - s 8 o &
A - e ® & 4 o 8 ) L] - .
-
C . & @ ® » ® 0 LN} -
N LN I ¢ 9 » 8 * o
- P P

2ZONE, B
AXVYUTSROPONILKS IHCFEDCAAXVYY

LI IR R A L Y

L N
56 0 08 00000
DR B Y SR B Y
.
.
.
.
.
DR I A )
L R S A S B N I
LR A N R
€ 8 o s 0 b0 s 0 0
L A R I
LI R T A N A )
6860800000000
LR R I A A L )
® e 0600004000
9.9 0 0 8 58000 000 LRItV PEIIsreeersastsecrses BBD

4 60000000 000 sans e

.
.
»
LR N S R A B RN Y
0 2 0 0080080 0 0
L R R I B
LU R B N 2 LRI N T T I I I I I Y
" e e 0 06 00800 0 a0

DR R R I I I R I I I S S I A A I R I A I AT S AP SR S SR "5 7Y
L R R R R I A R R R R R I R R R R A A I ™Y 4
D I R R I I I I I R I I O I N R N NI S RIS - |
R R N A R I R R R R I O N A NI NI AP R AT BRI . 1]
LR I R I R R R R N I I R R A R N IR - ¥ §

FIGURE 2 - Location of the components on a blank matrix board

L A R I R I I I L I R R L A I I I R A A I - 3 4
98 5 0 € 5 5 & 0 8 4 s Y e S EO N PN e NS s et s sno

D I I I I I I I R A R R R R N I A N R R A A A S AR - 1 - |
L R R I I S R R R R R R R A R IR I N A A S A A S SR 7 - )
L R I I I R I R R I I I R I R R I I ISR T |
D I I R B R N R R R R A e I N R N R R A S S AT SN ¥
I I I R O A I I I I N N R N N R N N R R R

I I R R I I e S I O S I R I N A A I I I I AT APPSR ¥ ]
L R I I I A I R R I I R I R R R A A R I B N A N IO 'Y< |

P A I A I N O R R I R R N B A A N R R ] O KRR S NN N TR I P
I I I I A I R R e L A IR A A AR N A I AR AR A A A A Y P A A A T Y TS
L I L I I B I R A S A B A B B A NN NN SR CER Y B AT P EE ] FER S TR PRy

L R A L N R Y I R B B SR B ] CELACED R LA )
LR I R R R B I I I A I A BN A B B I I R I O R R I I I I B O O A I S A O A}

L I A R L I e I I I R I I A A IR I B R R R R B AN B RN B S B R R A S R WY

e ® % ® 0 p s e e s s e e oo s a0t aveoe as s els e oasfeclesoe

L R A A A 2 I A A A A AN I B R 2 O I B S B B IR ) LA EIY E

.o
ve
..
-
..
.
.o
..
.
.o
.
>
Iy
.
.
.o
..

P B B S ]
e e o e 0 s e v
€% % e 8 s e




e i e
———

UNCLASSIFIED
8

\ 3.1 Description of the Boards

The wire-wrap facilities implemented at DREV permit the use of
three types of boards.

ﬁvﬂ The type 1 or matrix board (Fig. 3) is a general-purpose pre-
' punched insulating board with a matrix of holes spaced 0.1 in center

.u-ﬂ.-

to center. Sockets are mounted on the board which may be cut to any

S

e e e

size and shape to fit particular packaging constraints. Each hole can be
exactly defined by means of three parameters: a zone, a column and a
row. The dimensions of these panels permit a maximum of six zones

- identified by the letters A to F. Each zone may have up to 84 rows

. identified by numbers 1 to 84 and 24 columns identified by letters
. A to X.

y | The type 2 or Scanbe board (Fig. 4) is a Scanbe universal socket
g panel number LPU-54-M-A or C. Augat U-Series board number 8136-UG6-54
'ﬁ may also be used. The Scanbe board is divided into six zones identified

by the letters A to F. Each zone contains nine 50-pin rows identified
by the letters A to H and J. Each pin is exactly defined by the zone,
the row and the pin number of the row (which ranges from 1 to 50). The
two upper connectors on each zone have been assigned numbers 211 and 212
i for zone A, 221 and 222 for zone B, up to 261 and 262 for zone F. The
names of the pins for those connectors are Pl to P26. Also, VCC and
. GND busses on each zone have been assigned numbers 213 and 214 for
zone A up to 263 and 264 for zone F. Each pin of these busses is
identified by the name V1 to V12 and Gl to Gl2.

The type 3 or SBC board (Fig. 5) is an Intel SBC 905 universal
prototype board for interfacing custom hardware to the iSBC series cards.
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] The SBC board is divided into 20 zones identified by letters from -

| A to X. Each zone contains four 48-pin rows identified by the letters i
i

- A, B, C and D, except for zone A which contains only rows B, C, and D,
:; ' as well as zone X which contains only rows A, B and C. Each pin is

exactly defined by the zone, the row and the pin number in the row which

AR mede it e e wes ek

: : ranges from 1 to 48.

The three connectors provided on this board are assigned the
g numbers 221, 222 and 223. The names of the pins for these connectors
i are Pl to P100 corresponding to pins 1 to 100. Each pin in these
- connectors may thus be referred to in the definition program by the

¢ connector number and the name of the pin.

5v ‘ The SBC board contains eight 25-pin rows of VCC sources and ten
& 24-pin rows of GND sources. The VCC sources are organized into four
groups numbered from 211 to 214 whose pin names are VO, V2, V4,... V48
and VOA, V2A, V4A,... V48A, The GND sources are organized into five
groups numbered from 201 to 205 whose pin names are Gl, G3, G5,... G47
and Gl1A, G3A, G5A,... G47A. All these pins may thus be identified by

the user in the definition program by the corresponding group number
and the name of the pin.

. The numbers for the connectors and VCC and GND busses that appear
on the blank drawings of type 2 and 3 boards along with the names

, assigned to the pins are recognized by the computer without any user
intervention in the location and definition programs. Moreover,
VCC and GND busses have the status of terminals (see Sect. 3.3.5) named

VCC and GND. They must not be redefined by the user in the definition
program.
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. 3.2 Identification and Location of the Components

All the circuit components that are to be wired as well as their
positions on the board are defined in a location program written in APL
and named by the user. It contains as many lines as there are chips on
the board. In the following context, the meaning of the word 'chip' is ’
extended to define a microcircuit, a connector or a header on which

discrete components are mounted. :

e
.
e e e
4 e st aa

s &

Each line of the location program shall be of the form:
_;§ L'A,B,C,D' where L is itself an APL function which generates the

E . necessary data to specify the board pins to be wired. Its action
' is detailed in Sect. 4.1.

Parameter A is an identification number assigned to a chip.
It can be any positive integer except when a type 2 or type 3 board is
used. In these cases, numbers between 200 and 265 are prohibited
. because many numbers in this range are already assigned to the

connectors and power supply strips of these boards.

Parameter B represents the name of the chip. It can be any
series of up to six characters, i.e.: 8085, 745188, LM311, etc.
Headers and connectors are assigned names as HEAD14 for a 14-pin
header and CON26 for a 26-pin connector, for example.

Parameter C gives the coordinates of the location of pin number
i 1 of the chip as defined in Sect. 3.1.




————— - e e — e ————— e ——— -

UNCLASSIFIED
14

Parameter D is an orientation code for the chip, represented by

the numbers 1 to 4 and having the meaning shown in Fig. 6.

When the location program is executed, all the chips that are
not already defined in the main data bank must be entered by the
operator answering a series of questions asked by the program.

Thus, the number of chips stored ir +he main bank increases each

time new components are wired.
The location program for the circuit in the example is presented
in Table I. The arbitrary name that has been chosen for the APL function

is TESTLOC.

When a comment is to be inserted in the location program, the
function L can accept an argument of the form: L'A COMMENT'.

3.3 Definition of the Connections

All the electrical connections to be performed are similarly
defined in a definition program which is also an APL function whose
specific name can be chosen by the user. Each line of the definition
program must have the form W 'statement', where W is itself an APL
function that will be called upon later to interpret the statement.
Its action is detailed in Sect. 4.2.

The six types of statements are now described. The following
syntax rules for defining these statements actually constitute a new

language for encoding an electrical schematic diagram in a computer

format.

kol i o S
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TABLE 1

Example of a location program TESTLOC

T VTESTLOCLTIV :
- VTESTLOC i
s | (i) L'1,74L0593,4T7,3" P
% (2] £'2,74L593,4T16,3"
2 | (3 L£'3,2708,AN13,3' 4
& [4]  Z°4,CON40,ACH,1° j
i (5] L'S,HEAD1u4,AN15,4°
- Tam (6] L'6,HEADB ,AI24,2" ]
. (7] L'7,HEAD2,A4P23,1° .
i I 1
‘t
‘ E
t
!
. 1
1 ]
1 2 3 l 4 i
| |
a !
\ FIGURE 6 - Orientation codes for the chips
| |
i 1
i
t
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3.3.1 The Free Path Statement

The free path statement permits the definition of many points
to be linked by the shortest possible path, the actual path being
selected freely by the computer.

A typical free path statement is of the form:

3~ Pg

N1 P1 P2’ N2 P3 P4, N
where Nl’ N2 and N3 are chip numbers, as specified in the location
program, and P1 to P5 are either a pin number or the name of a pin
appearing in the main bank. The hyphen between N, and P5 is used as a
no-connection indicator. The free path statement creates one or many
connection nodes. This particular example defines two connection nodes:
the first one is chip Nl’ pin P1 to chip N2, pin P3 and the second one
is chip Nl’ pin P2 to chip Nz’ pin P4 to chip NS’ pin Ps. The first
node contains two points to be linked while the second contains three
points to be linked using a combination of the shortest wires possible.

The free path statement is the one most commonly used to specify a
circuit.

3.3.2 The Fixed Path Statement

The fixed path statement permits the definition of many points
to be tied together following a route predetermined by the user.

This statement has exactly the same form and syntax as the
free path statement except for the symbol u at the beginning:
u N1 P1 PZ’ N2 P3 P4, N3 - PS’ This statement defines one or many
nodes of connections and states the order in which each path will be




UNCLASSIFIED
17

made by joining chip N pin P,, to chip Ny, pin P,, to chip N, pin Pc

regardless of the length of the wires needed. Fixed path statements

are used when it is necessary to control the order in which the pins
are connected.

3.3.3 The Macro Statement

The macro statement permits the assignment of a long string of

characters to a variable name which may be used many times in other
types of statements.

A typical macro statement is of the form:

DB « D0 D1 Dz D3 D4 D5 D6 D7.

Its identifier is the specification arrow symbol («). In the

above example, it permits a series of characters (Do to D7) to be

represented by the variable DB. Each time this variable is encountered

in another statement, it is eventually replaced by the specified string

of characters. 1In this way, statements of a repetitive nature can be

readily shortened.

Macro statements are most useful in the definition of data
and address busses.

3.3.4 The Class Statement

The class statement enables the user to assign certain pins to

a common class. All the pins so assigned, although they may appear

in many statements, become part of the same connection node and will
be connected.
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A typical class statement is of the form:

3 GND, 5 OE EN, 8 Al Bl Cl: GND.

Its identifier is the colon (:). This statement assigns the
pins defined in the left argument to a class whose name forms the
right argument.

The number at the beginning of the left argument or numbers
following a comma (3, 5 and 8 in the above example) are chip numbers
that have been assigned in the location program. The data following
each chip number identify the pins of the chip referred to. The
pin identification may be either the pin number or name, as defined
in the main bank. 1In the above example, chip 3 pin GND, chip 5 pins
OE and EN, and chip 8 pins Al, Bl, Cl are assigned to the GND class.

The class statement permits the definition of one connection
node in several statements. It is very useful when many pins forming
part of the same connection node are spread throughout the electrical

schematic diagram, such as the pins going to the power supply sources.

3.3.5 The Terminal Statement

The terminal statement designates a certain number of pins in a

circuit to act as terminals or sources.

A typical terminal statement is of the form:
VCC = 1 vl V2 v3, 2 14 15, 14 6.

Its identifier is the equal sign (=). The right argument of
the statement is written using the same syntax rules as for the left
argument of the class statement.
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The left argument of the statement is the collective name
assigned to the series of terminals defined on the right side. This
name is also normally assigned to a class (Sect. 3.3.4) in such a way
that all the points of that class are linked to at least one terminal
pin. The pins defined as terminals are not to be linked, as they are
themselves sources and are already interconnected outside the wire-

wrap circuit board.

3.3.6 The Comment Statement

The comment statement permits the user to insert comments within

the definition program.

The comment statement is of the form:

'n COMMENT'.

It is identified by the APL comment symbol & at the beginning.
The comment begins right after this symbol.

The definition program for the circuit in the example is

presented in Table II. The arbitrary name chosen for the APL function
is TESTDEF.

)
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TABLE IT

Example of a definition program TESTDEF

VTESTDEF{O]V

VTESTDEF
(1] W'REXAMPLE OF A DEFINITION PROGRAM FOR A CIRCUIT® i
[2] W'aMOUNTED ON A MATRIX BOARD AND WHOSE LOCATION'
[3] Y¥'aPROGRAM IS TESTLOC'
[u] W'7 1,1 14,00 " **nknaknnahxk*k*k*FREE PATH**xkk&x'
[s5] W'i1 @D,2 INA,3 5!
(6] ¥'1 1,1 12,3 8'
71 W'2 INB,2 QA,3 A4
. 8] W'uS 1,3 VCC',0p'axkannnxknwnxxFIXED PATHx*kn%'
- [9] W'us 14,3 12°
|

i

Vo S A TR e ¥ R

by
. F

[10] W'u5 2,3 VDD?

[11] W'vu5 4,3 21°

[12] w'2 11,3 1!

‘ [13] W'S 11 13:GND2',0p ' *ankkkanakC[ASShhuhkhhhkhs'
- [14] WwW'3 12 18 20 22 23:GND3'

o [15) W'1 5,2 S5:VCC2'

! [16] ¥W'Mie8 9',Op'*********f******MACRO**********‘
4 (17] W'M2«2 3 10°'

{; (18] W'M3+9 10 11 13 14 15 16 17°

L [19] W'M4+1 3 5 7 9 11 13 15°

- [20)] wW'1 M2,7 2,2 M2:GND1'

‘ (21)] Ww'1 M1,3 6 7'

- (22] W'3 M2,2 8 9 !

(23] WwW'3 M3,4 MW’

(24] W'n 2 4 5 8 10 12 14 16:GNDU'

[25] W'3 24:vcC1!

{261 W'3 19:VDD'

[27) Ww'3 21:VBB'®

[28] w'vecCc1i=6 1'.Op'**************TERMINAL*******'
= (29] WwW'WCC2=6 2°'

{30])] wW'VvDD=e 3!

(31] W'VBB=6 u'

[32] W'GNDi=6 §5'

[33] W'GND2=6 6'

' (34] W'GND3=6 7'

B [35] W'GNDu=6 8'
3 v

ey

"
T e TR S
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4.0 INTERPRETER PROGRAMS

i The location and definition programs described in Sect. 3.0
contain all the encoded information required to generate the inter- b

connection matrix. The location and definition statements must be :

{ i decoded by two APL interpreters which will now be described. i
B |

; . 4.1 Interpreter for the Location Program

G, ]

|

p: i The decoding of the location program is performed one statement 4

at a time by the interpreter program L, whose listing may be found in
fy Appendix A. The operator is first requested to supply the name of
the location program and then the interpreter decodes each successive
statement and gathers all geometrical and chip-related information
about the circuit in six transfer vectors and one matrix. These serve
i ' as the basic information for interpreting the definition program
(Sect. 4.2). The component drawing programs also use these vectors
and this matrix (Sect. 6.0).

Each location statement is composed of a four-field alphanumeric
argument on which acts the program L. The individual fields A, B, C

and D are easily extracted because of the comma (,) separators.

i The A field is a number arbitrarily assigned to identify each
chip. The A fields of the successive location statements are accumulated
to form the transfer vector LISTNUM. Assuming an N-component circuit,

} LISTNUM will be an N-element vector containing the identification

number of each chip.

é The B field contains the name of the chip referred to in the

location statement. All names and pin identifications of the chips that

have been used at least once are accessible to the program L in a main

data bank and its directory (Sect. 7.0). The chip name decoded from the

o
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B field can be immediately validated if this chip type belongs to the
directory. On the other hand, if this chip is being used for the first
time, control is transferred to an interactive interrogation program
(INTERROGE, Appendix A) which asks for the new chip's specifications;
that is, its geometry and an identification name for each pin. The
chip's geometry is selected from a choice of preprogrammed configura-
tions such as dual-in-line 1l4-pin. The new chip information is then
inserted into the main chip bank and its directory, all located in

APL files (Sect. 7.0).

A matrix called BANQUE is also formed by the program L to regroup
those chip descriptions of the main chip bank that are in current use
in the wire-wrap task. An N-element transfer vector, BASEVEC, is then
generated to identify where the information pertinent to each chip
begins in the unformatted matrix BANQUE. A 2N-element transfer vector,
BASEMAT, is also formed to indicate the physical dimensions of each

chip (in 0.1-in units) to the connection definition interpreter.

The C field contains the board coordinates for pin number 1
of the selected chip. The coordinate coding system is specific to each
receiving board (Sect. 3.1) and is transformed by the program L to a
numerical cartesian coordinate system common to all types of boards.
The line and column numbers defining the location of pin number 1
of each chip is transferred to the definition interpreter by the
2N-element vector BASEPINL.

The D field is decoded to obtain the orientation code
(1 to 4) of each chip. This code is transferred to the connection

definition interpreter via the N-element vector BASEORI.

The last transfer vector is the N-element vector BASESPA. It
gives the spacing increment (in 0.1-in units) between the pins of
each chip. Most often, it is composed of unity elements except for

the special cases mentioned below.
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The variable N, used throughout the above description of the

transfer vectors, may not be equal to the number of statements

‘in the location program. A first case occurs if any comment statement

is present in the location program. These statements are skipped

by the program L. A second case occurs when either a Scanbe or a SBC-
905 is the receiving board in use. For these boards, the geometrical
information on the special connectors present {Sect. 3.1) is
automatically added to the transfer vectors. The special connectors
receive the same status as chips explicitly defined by statements

in the location program. As several of these connectors do not have
a 0.1-in increment between their pins, the use of the above-described

transfer vector BASESPA is justified.

During the decoding of the location program, three types of

errors may be reported.

Type 1 error message reports that the statement encountered
comprises an incorrect chip identification number, either because
of duplication or an incorrect syntax. It has the form:

INCORRECT CHIP IDENTIFICATION NUMBER AT LINE N
where N is the number of the statement in error.

Type 2 error message reports that the location selccted for
pin 1 of the concerned chip is incompatible with the receiving board
coordinate system. No verification is done on the other pins of the
chip and on compatibility with the location of the previously defined
chips however. This error message has the form:

INCORRECT LOCATION AT LINE N.

Type 3 error message reports that the orientation code selected
for the concerned chip is not valid, i.e, it is not 1, 2, 3 or 4. This

error message has the form:
INCORRECT ORIENTATION AT LINE N.

DI iy
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4.2 Interpreter for the Definition Program

The definition program constitutes a formal description of
the circuit interconnections required. The decoding of the definition
program automatically follows that of the location program and is done
by a group of functions listed in Appendix A, including the one named
W which has been inserted into each line of the definition program.
The operator is simply requested to supply the name of the definition

program.

Section 3.0 has explained the six types of statements which
can be found in the definition program, namely 'free path', 'fixed
path', 'macro', 'class', 'terminal' and 'comment'. The W function
first determines the type of statement by looking for the identifier
and then stacks the argument of the statement in an appropriate
character string. Since the comment statements are ignored when
all statements have been processed, the result is a division of the
definition program into five character strings, each containing all
the statements of the same type.

The macro string is made up of all the definitions of the
variables used in place of other characters, as explained in Sect. 3.3.3.
The next step is to search the four other strings for occurrences of
the variables' names and to replace the names with the actual characters
they represent. The variables' names are processed one at a time and
removed from the macro string when they are no longer present in the
other four strings. When this action is completed, the number of
strings has been reduced from five to four.
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Defining a cluster as a group of pins which have to be

interconnected, the four strings contain the following information:

1) ‘'free path' string: all the statements which define
pins (belonging to one or more clusters) to be

connected by the shortest path(s) within each cluster;

2) 'fixed path' string: all the statements which define
pins (belonging to one or more clusters) to be connected

in the stated order within each cluster;

3) 'terminal' string: all the statements which define pins
belonging to a specified cluster but which are not to

be connected between themselves;

4) ‘'class' string: all the statements which define pins
belonging to a named cluster (the repeated use of a name

forces a joining of the relevant clusters).

At this point, the program inspects each string in detail
and extracts each pin's specification; with the help of the transfer
vectors and matrix generated by the location interpreter (Sect. 4.1),
it then turns this specification into pin coordinates, tags each pin
with codes specifying whether it is a terminal or not and whether it
belongs to a free or fixed path, and finally places it in the appro-
priate cluster, together with the line number of the definition program

in which the pin was originally specified.

This table of pin coordinates and tags is then put on
file for use by the circuit calculation program described in the

following section.

it e T TR Y T SN | TR e
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During the decoding of the definition program, four types of

errors may be reported.

Type 1 error message reports that the statement encountered
cannot be classified in any of the defined types and has the form:
SYNTAX ERROR IN STATEMENT N

where N is the number of the statement in error.

Type 2 error message reports that an inconsistency has been
encountered in a fixed or free path statement and has the form:
STATEMENT N IN ERROR.

Type 3 error message reports that a specified chip number is not
among those generated by the positioning program and has the form:

ERROR AT LINE N

CHIP NUMBER M IS NOT DEFINED

where M is the erroneous chip number.

Type 4 error message reports that a specified pin name is not the
same as any of the pin names of a specified chip number and has the form:
ERROR AT LINE N
CHIP NUMBER M
(name of pin No. 1 of specified chip No.)

(name of pin No. 2 of specified chip No.)

{name of pin No. L of specified chip No.)

PIN NAME
where NAME is the specified pin name, and L is the number of pins
on the chip.
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5.0 CIRCUIT CALCULATION PROGRAMS

Section 4.0 has described how the interpreter programs
process the information contained in the location and definition
programs into numerical data presented as a table of pin position
coordinates, type of pins (terminals or not), cluster appartenance
(class statement), type of connections (free or fixed) and origins
(1ine numbers of the definition program which created the pins).

In this section, we review the steps needed to convert this
raw data into a final circuit layout and produce, in its final form,
the information required by the operator and the microprocessor for

the wiring of the board.

5.1 Node Determination

The interpreter programs have already assigned each pin to a
cluster; however these clusters are not true nodes in the electrical
sense of the word as the operator may specify indirectly connections
between them simply by repeating on one line of the definition program
a pin which has already been defined on another line. The first step
is to examine the position coordinates of all pins in all clusters and
to fuse clusters that have common pins while removing all pin repeti-
tions. The result is a new grouping of the pins such that each new
cluster is a complete set of the pins to be connected, with each pin
being listed only once. These new clusters are now true nodes and will
be referred to as such from here on. This step terminates with the
printing of a list giving the line numbers of the definition program
in which common pins have been discovered. This list greatly
facilitates the operator's task of finding out if unwanted connections

between different circuits have been accidentally introduced into

the definition program.
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5.2 Link Calculation

] Now that all the nodes have been defined, the next step is to
examine each of them individually to determine the configuration

of the wires (links) which will connect all the pins in the node. This
is a complex problem and the solution is of vital importance to the

efficient production of satisfactory circuit boards. 1

5.2.1 The Link Problem

Consider a node comprised of n pins. The problem can be
Rk~ described simply as: link all n pins in such a way that:

. a) the total length of the links is as short as possible and,

b) there are at the most three links attached to a given pin.

Condition b is a constraint arising from the finite physical

length of the pins around which wires (links) are to be wrapped.

Condition a is a difficult one to meet. In fact, if the
constraint expressed in condition b is changed to read that the
maximum number of links attached to a pin is two instead of three, the
resulting network of links will have the form of a single chain
l (without any branching). The problem then becomes similar to the

familiar one of the traveling salesman who must visit n cities
and return to his point of departure by the shortest route. It
i is well known that the number of paths to be investigated is

! (n-1)! which becomes an excessively large task for large values

ofzn (for n = 50, n! = 3 x 1064).

P i

S




e e ———————— e ——— e — - -

4

UNCLASSIFIED
29 -

In our case, since the path remains open (a return to the starting
point is not required), the number of possible paths actually rises to
n! since to each closed path of the salesman (in which the starting
%oint is immaterial) there correspond n paths depending on the starting
point. Furthermore, by permitting up to three links on a pin, branching
can occur which introduces numerous new possibilities so that the number

of paths increases even more rapidly.

|
i Since it is common for real circuits to have nodes of more than

50 pins (the 'ground' node for example) and an exhaustive calculation
p g p

n;; of all possible paths to find the shortest one is clearly too lengthy,
?'i a shorter method to arrive at an acceptable result is required.

-

T{~' 5.2.2 An Imperfect but Simple Solution

i Consider once again a node comprised of n pins. Each pin has
(n-1) neighbors to which it could potentially be linked, hence the 1
total number of possible links is n(n-1). However, since direction
does not have to be taken into account (the link from pin 1 to pin 2

| is the same as that from pin 2 to pin 1), the number of distinct
links to be examined is only n(n-1). Since each link involves two pins,
the number of links required tozjoin all n pins is (n-1). The problem

l can then be restated as follows: select from the n(n-1) possible links

the (n-1) links which best satisfy the two condition% mentioned above.
{ The tactic adopted is as follows: ]

1) 1identify each possible link by its end points (pins) and
; calculate all distances between these pairs of points;
even for a 50-pin node, this is a relatively small task,
. since it involves only 50 éSO-l! = 1225 distances;

e G A = AP A S gy TR g O e 5
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2) tabulate the possible links in order of increasing

distances (link lengths);

3) start examining links one by one from the top of the table
(shorter links) and accept the link if it is 'valid';

the validity tests are:

a) the link must not close any part of the path being
defined on itself; otherwise redundant paths would be
established which would evidently lengthen the total

path without taking care of any new points;

b) each end point of the link must have been used

fewer than three times already;

4) stop the process when (n-1) valid links have been accepted;

the path is completed and all pins are connected.

This method of assembling the path from the shortest valid
links produces excellent results. In fact, if the (n-1) shortest links
are all valid, the path is evidently the ideal or minimum-length one.
Even when some of the early links do not pass the validity tests and the
table has to be searched past the (n-l)th term to collect the (n-1)
valid links required, the result appears to come very close to the
ideal path length, or to equal it, in most cases. Unfortunately, except
for trivial cases, the deviation from the ideal cannot be measured since
the ideal path cannot be readily determined! However, it can be shown
that for some special circuit configurations, the path is slightly
longer than the ideal one and thus the method leads only to a near

optimal, rather than an exact, solution.
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Another indication that the solutions obtained are quite

reliable comes from observations of path self-crossings. Appendix

‘B demonstrates that paths which fold over themselves are not the

shortest ones and can be readily shortened. Dozens of boards have

been processed up to now and in the hundreds of node paths produced,
none has yet been seen to cross itself, but again this is only an
indication rather than a proof of the quality of the paths obtained.
Appendix C shows a possible circuit configuration wherc the method would
fail and actually produce both a crossing and a noncrossing path

longer than the ideal one.

5.2.3 Treatment of 'Fixed Paths'

The method described above is obviously not required for
connections defined as 'fixed paths' as explained in Sect. 3.3.2. The
distances between these pins need not be calculated and these
imposed paths are simply recognized as such and selected on a priority
basis before any other selection is made. Nevertheless, the distances
between the pins belonging to the fixed paths and the other pins are
still calculated and the normal selection process is applied so that
links from other pins can branch into the fixed paths if this is found
advantageous.

5.2.4 Treatment of 'Terminals'

Some of the pins of any node can be defined as 'terminals' and
have a special property: they must not be linked since they belong to
sources and are already interconnected outside the wire-wrap board

(see Sect. 3.3.5). The program handles these as follows:
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. a) distances between terminals are not calculated;
b) distances between terminals and other pins are calculated;

R ¢) temporary links are defined between all terminals;

' d) the normal link selection process is performed and the

- .

links defined in ¢ assure that other links will not

. . . 3
interconnect the terminals, whereas the other pins are 5?
linked to at least one of the terminals;
E
4

e) the temporary links between terminals are discarded.

AT

i

-
——— e e e -

5.2.5 Treatment of Large Nodes

Pcy wans

When processing a large node, the manipulation of the n (n-1)

v

NI 2

addiodiaiby

distances could require more storage space than currently providgd in
the APL workspace. To prevent the program from stopping for this
reason, an arbitrary limit on node size has been set at 50 pins and
when a node exceeds this limit, it is broken down into fragments and

worked on piecewise.

TS T W T TR IR T T Y e

R

To prevent wire crossings and unnecessarily long paths, this

fragmentation of the node is done on a geographical basis, i.e. each

F——-

fragment must be comprised of neighboring pins in a region of the board

haarant ol

and the fragments must not overlap. However, the order in which the

! pin coordinates are supplied by the earlier programs depends only on

{ the actual sequence used in the definition program, on the interpreter
program action and on the 'cluster fusing' activity described in

: Sect. 5.1. The first step is to reorder all pins in both coordinates
i so that a clean split between the fragments can be effected. The

number of fragments is chosen such that each fragment contains

approximately the same number of pins, but fewer than 50.
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Each fragment of the original node is then processed as a node
by itself producing a sub-path and finally, there only remains the tying
together of each of the sub-paths obtained. This is done by choosing
approximately half the pins of two adjacent fragments, the selected
pins being those closest to the common !order. This creates a new
piece which overlaps the two generator fragments and which again is
processed as a node. In this case distances are calculated only between
pins on opposite sides of the border and the link selection process is
stopped as soon as one valid link is identified, since this is all that
is required to effect the connection between the two sub-paths. This
action is continued until all sub-paths have been connected to form a
single path for the original large node. The program has been arranged
so that this fragmentation can go along without interfering with the

processing of 'fixed paths' or 'terminals'.

This piecewise processing of large nodes naturally introduces :
a further risk of producing nonminimum-length paths. In fact, there
are large node configurations for which the path produced with this ]
method are not ideal. However, the minimum size of a node fragment is :
25 pins (when a node of 51 pins is split in half) and a node of this
size still offers so many interconnection possibilities that the path

produced usually comes very close to the ideal.

5.2.6 Node Layout Drawing

As mentioned above, the links are calculated node by node and :
features have been included for showing the actual path selected by ]

the program on the screen, if the operator so wishes.
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All paths are shown on a common scale which is automatically adjusted
to cover the outermost pins of the board. Each node pin is plotted
i as a letter of the alphabet which changes when a new node is started
and turn-around is provided if more nodes are processed than letters

are available. The links appear as straight lines joining the letters.

f
; 5 Terminals are shown as small rectangular boxes (the 'quad' symbol)
%-‘ irrespective of the node to which they belong. The operator also has
g a choice of displaying the nodes superimposed or one by one. This
&1% last feature requires the operator's intervention to pass from one ;
k { node to the next and this affords him the possibility of printing each
‘ path individually if desired. These path prints can be used to verify
&‘” ‘ the quality of the computed paths and are a preview of what the eventual
b

board wiring will look like.

Rt o2 00di ol
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' When the last node has been processed, a message tells the }
operator that the layout has been completed. This also means that
the notion of nodes is no longer required since all links have been

calculated and all the information is contained in a table consisting

TR

of four numbers per link, namely the coordinates of each link's end
points. All further processing is done on the full set of links,

L ‘ irrespective of the node to which they formerly belonged.

5.3 Link Direction

1 It has been stated above that the link direction was not to

; be considered in the determination of paths. However, in the actual
‘ board wire-wrapping, the placement guide for the wrapping tool is f
attached to a moving arm, both of which may partially hide the board or
. the wire to be wrapped. Operators have found it more convenient to

i wrap a wire from left to right and from top to bottom. The next step

5 consists in introducing the notion of direction and rearranging the

b link's coordinates in the proper sequence so that the movement pr 'ced
will be as desired.
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5.4 Wire Determination

The wire-wrap machine is equipped with 40 bins numbered 0 to 47
{in octal) to store the precut wires of standard lengths used in wiring

a board. The program at this point goes through the following steps:

1) compute the length of each link in board units (0.1 in)
and reorder all links so that they will be presented starting

with the shorter ones;

2) convert the lengths to inches, adding the appropriate

length required for the actual wrapping;

3) sort these lengths by bins, each length being assigned
to the bin having the next longest standard length;

4) print a table of the number and of the lengths of wires in

each bin, and of the bins' numbers.

The program pauses before printing the table and the operator
is asked to intervene before the printing takes place. This allows
the resetting of the CRT screen or of the paper in the typewriter to
obtain a clean copy of the table. The information in this table can
then be used to precut all the wires and distribute them into the

proper bins in preparation for a wrapping session.

5.5 Wire-Wrap Codes

This is the final step in preparing the data required for wiring

a board. The wire-wrap machine requires a number of special codes to:

a) set up the tool guide at the origin at the beginning of a
session,

b) identify the beginning and the end of a wire to be wrapped,

[

Adn e e o e
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c) sequentially identify each wire and the wire bin to be used,
d} sound a buzzer every time a new bin will be used, and
e) return to the origin at every 20 wires so that drift in the

k. ' positioning of the tool guide can be corrected if necessary.

Furthermore, the machine works in 0.005-in steps and requires

B

that the positioning information be supplied in the form of a displace-
ment relative to the last position taken rather than in absolute
coordinates. Hence the coordinates of the links have to be converted
accordingly and all the appropriate codes inserted in the proper

sequence. The resulting table is then put on file, ready for use in

; wiring the board.
i ‘
i The final action is to signal to the operator that the program
{‘ is finished and advise him on how to obtain drawings of each component's
f' f connections, as explained in the following section.
ﬂ‘ 6.0 COMPONENT DRAWING PROGRAMS

Once the link optimization programs (Sect. 5.0) have been
executed, the user must have the means of determining the exact wiring
pattern selected by the computer for linking each connection node.

i This must be provided in a form that can aid future reference.

. For this purpose, a set of component drawing programs was
; written. These programs sketch a chip in a standardized presentation

: (Fig. 7) with all the information available from the main chip bank

included. The location of each pin, in board coordinates, is
displayed together with a list and location of all other pins (maximum
three) to which the pin is hardwired. A complete information package

on a wire-wrap job is thus formed by gathering hard copies of such
‘ chip drawings.
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FIGURE 7 - Standardized presentation of a chip obtained with the
drawing programs
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FIGURE 8a - Execution of a component drawing in several passes -
first pass
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FIGURE 8b - Execution of a component drawing in several passes - B
second pass !
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‘- FIGURE 9 - Drawing of a chip in the bank
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The program SETDRAWING must be executed once after the link
is completed. It establishes a permanent record of the circuit-wide
interconnection patterns for fast access by the drawing programs. The
chip with identification number X may be drawn by submitting to the
computer the command DRAW X. Components with up to 40 pins can be
fully drawn this way in one execution of the program DRAW. Large
components require drawing translation and further execution of the
program DRAW. The applicable component format is DRAW X Y, where X is
still the chip identification number and Y is a shift parameter, which
translates the sketch upward by Y interpin units. A component drawing

executed in several passes is shown in Figs. 8a and 8b.

Using equivalent software, it is possible to obtain a graphic
display of any chip in the main chip bank, even if it is not in use
in the current job, by executing CHIP 'name'. The component named

is then drawn (Fig. 9) with its pertinent information extracted from

the main chip bank.

7.0 OVERALL IMPLEMENTATION AT DREV

The computer-aided circuit definition described in this report
was implemented at DREV using in-house APL facilities. The APL functions
that have been generated to perform the work are distributed over three
APL workspaces (WS) which are loaded in sequence by the user. Two APL
files are used. A first one, the main data bank, is common to all users
and contains the definition of the boards on which the circuits are to
be wired as well as that of the chips entered in all previous circuit
definitions. A second one, the temporary data bank, is particular to

each user and is used to pass the information between the different

WS's. This eliminates the need for transferring variables from one
WS to another.
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The name of the three WS's are WRAP1l, WRAP2 and WRAP3. WRAP1
contains the interpreter programs and permits the drawing of a
schematic of all the chips and terminal pins located on the board
to be wired (BOARD). Additional functions allow the printing of the
directory of all the chips in the main bank (DIRECTORY) to modify the
data on any chip in the bank (MODIFY 'name') to draw any chip in the
bank (CHIP 'name'). WRAP2 contains all the functions which perform
the circuit layout calculations, list the lines of the definition
program which contain a common pin, draw the connection layout
for all the nodes if required, and print a table of the quantity of
wires required of each length. WRAP3 produces a list of all the pins
that have not been conqected (FREEPIN) and contains the necessary
functions to get the drawing of any of the chips on the board
(DRAW N) with the complete information related to the origin and
destination of each wire.

7.1 The Main Data Bank

The main data bank is an APL file containing the information
about the connectors and power supply terminals of type 2 and type 3
boards as well as the definition of all the chips that were used in
previous circuit definitions. The size of the file is incremented
by one element each time a new chip is entered. The organization of
the file is as follows: '

a) the first element is a directory of all the chips in the bank;

b) the second element is a vector containing the element number
where a particular chip is defined in the bank;

¢} the third element contains the definition of all the

connectors and power supply terminals of type 2 and type 3
boards;
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! d)} each of the following elements contains the definition of one k
E chip, which consists of the name of the chip, its geometry
: (24 PIN, 28 PIN, 40 PIN, etc) and the name of all its pins.

7.2 The Temporary Data Bank

; The temporary data bank is a user file generated at the
beginning of a session and is used by the three WS's to transfer the

‘ data from one WS to another and to store data blocks to prevent the

| i WS from becoming full while executing functions manipulating large 3

;

matrices. The organization of the file is given in Table III.

{ y 8.0 A WIRING SESSION
f A complete wiring session for the circuit of Fig. 1 mounted :
' on a matrix board is given in Appendix D. The different steps to go
: from the electrical schematic diagram to the complete wiring are as
follows:
. a) the chips are disposed on a drawing of the receiving board;
b) the location and definition programs are written according to
the rules given in Sect. 3;
l c) workspace WRAP1 is loaded and funtion START is executed.
. The chips that were not already in the main bank are

‘ entered following the program directives.

d) with WRAP1l, a directory of all chips currently in the bank
is produced by the function DIRECTORY and the stored data
about any chip can be modified by using function MODIFY

'name' where 'name' is the name of the chip;

-
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TABLE III

{ Organization of the temporary data bank

. Element Number Content
i 1 BASEORI ' '
| 2 BASEPIN1
? 3 BASEMAT
| 4 BASESPA
e | 5 LISTNUM
p, ! 6 BASEFIND }
e | 7 RACINE
b’ 8 Definition of the chips used in
: .. the circuit being wired. ]
: 9 BASEVEC
- 10 CODEGEO
' 11 STRING1
g 12 STRING2
b 13 STRING3 ,
, 14 STRING4 ;
! 15 STRINGS
’ 16 STRING6 ’
17 PINGEO
= 18 SECT
' 21 R
, : 22 TYPE
101 to 109 XYM
150 to 159 Matrix of coordination in order of
wire lengths.
i 301 to 309 Matrix for the wire-wrap machine,
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after the completion of the interpreter programs, a computer
drawing of the disposition of the chips on the board with the
emplacement of the terminals may be obtained by executing

the function BOARD;

the circuit layout calculation is then performed by loading
workspace WRAP2 and executing the function START. A first
output will be a list of the lines of the definition program
that have common points. Then, the circuit layout for each
node may be obtained separately or superimposed. A table

of the quantity of wires of each standard length is printed;

to get a list of all the unused pins of the circuit, and
drawings of the chips, the workspace WRAP3 is loaded and the
function SETDRAWING is executed. The list of unused pins

is obtained by the function FREEPIN. A chip is drawn with
the function DRAW N where N is the number assigned to the

chip in the location program.

Aakiiis
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9.0 CONCLUSION

This report has described a new 'language' for rapidly encoding a
complex circuit in a computer-recognizable format, the interpreter pro-
grams which transform this coded description into a raw interconnection
matrix, the circuit calculation programs which determine the final
circuit layout and produce the wiring table, and the utility programs
which produce the required reference sketches and tables., Together
with the addition of the microprocessor control to the wiring machine
itself (Ref. 2), these represent the introduction of computer assistance

at every step required to go from a circuit diagram to a finished board.

A first advantage is the reduction in the time spent by !
qualified technicians to go through these steps, some of which are

of a tedious and repetitive nature. The main advantage, however,

e

stems from the 'relentless' attention which the computing machine
can devote to such tasks, thus eliminating the major source of
errors in the wiring of complex circuit boards. When full use

is made of the error diagnostics produced during the processing
phase by the built-in error detection schemes, it becomes possible
to produce large boards which are practically error free. It is

our experience that the number of wiring errors grows very rapidly as
boards become more complex and the identification and correction

of errors after the board is wired is a frustating and time-
consuming task. The economy realized in this respect is ample

justification for the effort spent in the design and implementation
of the system.

P T A ———
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APPENDIX A

YWSID Listing of Computer Programs
WRAP1

JFNS
BASE BOARD CATEGORIE CHIP CHIP1 co
CONvV CUMUL2 CUMULMN CUMULS CUMUL® DECODE DEM
DIRECTORY FAPPEND FCNUM FCREATE FDROP FERASE
FHOLD FIND FLIM FNAMES FNUMS FP FRDCIA
FRDCIDT FREAD FREPLACE FSDROP FSTIE FTIE
FUNTIE INFPILE INTERROGE L LIEDERN LIEVIRG LK
LOCATE MAP MIP MODIFY PAD PIT POSITION
READ READ1 REGU REGULARISE SBCBOARD
§BC90S SC SCANBE SCANBEBOARD STAGE STAGEOO

STAGEQO1 STAGE02 STAREO3 STAGEOY START START1 SUBSTITUE

W CA CAL
YVARS

CODEGEO PINGEO TEX P4 IA KA NA
VBASE(O]V
VBASE

[1] He , (((4xSECT) ,1)pB+Q((SECT,u4)p27 30 38 38)),((SECTxu
),1)pA«((4,SECT)p27x 1+\SECT)+Q(SECT,4)p18 18 5 17
v

VBOARDL)V
VBOARD;S3Y13Y2:4
[1] +1x1~(A+0,0p0«"'"TERMINAL? (2=u4015; 3=u4662)')e?2 3
[2] A«AR'GDV!

(3] MIP

(4] PIT
v
VCATEGORIELDIV

UN«CATEGORIE S

[1] Ne14(('m'€S), ('+'€S),(A/'u:'eS),(A/'u,'e€S),(":'€S) ,(
'z'¢S),','€S)/7 1 3 52 6 4
v
VCHIPLOV
VCHIP ABC:;S:BANQUE;CHIP:NOM:TEX ;TRXT;VERT ;X:X1:X3:Y;
YFP;YH;OFFSET

(1] CHIP1 ARC
v
voarpi[Qlv
VOHIPY CHOP:AD3;COM3;DIRECTNUM;DIRECTORY ;I sNsNO3VEC 3 HO
RIyLARG

(1] +1xy~(5+[],0p0«"'TERYMINAL? (2=4015; 3=4662)')e2 3

(2] S«S8'qpV?

(3] OPPSET+=14€(CHOP\' ')+CHOP

[#] CHOP+{(CHOP1' *)+CHOP

[51] BANQUE+6 1p' '

(6] FUNTIE FNUMS

£71 '"BAN,65888'FSTIE 1




[8]

9]

{10]
[11]
[12]
[13]
f1u]
f1s]
[16]
{171
[18]
[19]
[20]
{211
[22]
[23]
(24)]
[25)
{261
[27]

[28]
[29]

[30]
[31]

321
(331
[3u]
(35])
[{36]
{37)
{38]
[39]
(so0]
Cu1]
Cu2]

[43)]
[uul
(u51]
fus]
[47]
[us]
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'"BON'FTIE 2
DIRECTORY+FREAD 1 1
DIRECTNUM«FREAD 1 2
CHIP+1
DEBUT :S+18'CTY"
TEX+'0123456789"
NOM«®Q1 6pCHOP,' '
+TRABANx11z+/I+«6=+/[21DIRECTORY=(pDIRECTORY) pNOM
‘CHIP ',(6pQNOM),'ITS NOT IN THE BANK...'
+0
TRABAN:I«I/\(pDIRECTORY)[ 1]
BANQUE+BANQUE ,Q(FREAD 1,DIRECTNUMLI])
VEC+6=+/[1])BANQUE=Q(bpBANQUE) pNOM
SUITE:Y+1
X3+X+0
VERT++/.5%x 3+14+pBANQUE
OFFSET+«0FFSET+VERT=20
HOR!' «5
S+«710 15 0 22[*'sCL'
Q+2 5p(0,0,H0RI ,HORI ,0,0,VERT ,VERT,0,0)=(5p0),5p)FFS
ET
LARG+ .75
SCAN2:DQ+2 5pX1,X,X,X1,(X1+X-LARG) ,YF YF Y4 ,(YH+YP+LAR
G) YP+(Y+™ ,5-LARG+2)=-ORFSET
+DROITEx1X3=1
S5¢((T10+X=,5%xLARG) ,{((~OFFSET)+ " ,27+(1+VERT~Y)~=.5xLAR
G))R'CcUR?
TEXT+(S51p" '), TEX[1+10 10 107Y]1,' ',6pQBANQUE[:Y+3]
OKALL:Q<«TEXT
+SCAN2x1 (Y+Y+1)SVERT
Y1
X<X+HORI+LARG
+SCAN2x1 (X3+X3+41)S1
+NAME
DROITE : TEXT+GpQBANQUEL ; (2xVERT) +4-=Y)
TEXT+(=+/" '=TEXT)®TEXT
TEXT+TEXT,' ',(,TEXU1+10 10 10TL((2xVERT)=Y+"1)1)
S+((T1.84+X=,5%xLARG) ,((=OFFSET)+ = ,27+(14VERT=Y)~.5xLA4
R?))B'CUR?
+0KALL
NAME:S+(~ .25,(=0FFSET)+VERT+1)R'CUR"
S+o0R'CcTY!
S+.6 1,28'CSz!
Qe+ ' ,CHOP
FUNTIE FNUMS
v
vco(Qd]lv
VR+CO 4

e it b e i
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= i
! - n
‘ ’ i
! [1]  Re=/C+(0 140),2 1%4 !
: . :
vCOoNVIO1V
YMeW CONV P ;
: [1] ¥«(2,pP)p1+(W|P),L(P+P=-1)4W %
| v ]
: veumMuL2(nlv
s VYOUMUL2 ;CATEGO ; PROVENANCE ; TEXT3CLASSE s RES ;U3 I s PHRASE ;
e | sNUMsNOM ;XY 3 STEP; STEPP; S :
7 (1) S«FREAD 2 12 :
b | (2] +(1=pS)/0 -
# (31 CATEGO+2 1
- [4] R i
- [5] M==--===ANALYSE DE LA STRING :
| (6] n
o (7] J3:S«'a'FP §
[81 PROVENANCE+e€RES )

o [9] S+'w'FP S 3
e {101 TEXT+RES
' {111 CLASSE«‘':'FP TEXT
| {121 TEXT+RES
[{13] TEXT+TEXT,',' A
{141 CLASSE+6+CLASSE i
{151 U+CLASSEA.=CLASSED ]
[16]1 I+1"14plLASSED
| : [17) I«U/I
‘ (18] SETL+SETD(I)
[19] +(0=pI)/Ju |
(201 =+J2 ,
[21) JY4:CLASSED«CLASSED ,CLASSE 1
. (22) SETL+SET
1 [23] SET+SET+1
(24] SETD+SETD,SETL

, £25]) ~a
[26) A~e==«=x=-ANALYSE DU TEXTE

‘ [27] =
(28] J2:TEXT+','FP TEXT
? [29] PHRASE+RES
(301 PHRASE+' 'FP PHRASE
[31) NUM+€RES

T S P O

| [32]
(33) m------ -ANALYSE DE LA PHRASE
(34] =

[35) J1:PYRASE«' 'FP PHRASR
{361 NOM<RES

{371 XY«NUM MAP 64NOM '
[38) XY+XY,CATEGO,(=-SETL) ,PROVENANCE ©
(39) INFILE ’




[40]
{41)]
[42]
[43]
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+{02pPHRASE)/J1
+(02pTEXT)/J2
+(2spS)/J3
+0
v
VCUMUL([O]V
VCUMULY ;CATEGO ; PROVENANCE ;TEXT;CLASSE s RES3Us I 3 SETN; P
HRASE;NUM ;NOM ;XY ; STEP;STEPP;S
S+«FREAD 2 14
+(1=pS)/0
STEPP+0
CATEGO«Yy
"
Areme==awANALYSE DE LA STRINS
)
J3:5«'a'PP S
PROVENANCE«€RES
S«'w'FP S
TEXT+RES
SETN«SET
[
An=mmw=e=ANALYSE DU TEXTE
n
J2:STEP+0
TEXT«','FP TEXT
PHRASE+RES
PHRASE«' 'FP PHRASE
NUM<«€eRES
"
A--==w=ee ANALYSE DE LA PHRASE
a
J1:PHRASE«*' ‘PP PHRASE
NOM<«RES
XY«NUM MAP 64+NOM
+(0=14XY)/J5
XY«XY,CATEGO ,SETN ,PROVENANCE
INFILE
JS :STEP+STEP+1
SETN«+SETN+1
+(02pPHRASE)/J1
SETN«SETN=-STEP
+(~(STEP=STEPP)VSTEPP=0)/ERREUR
ERREUR1 :STEPP«STEP
+(02pTEXT)/J2
SETN«SETN+STEPP
SET+SETN
STEPP+Q
+(2<5pS)/J3

o NETR i m
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[s51

(6]

[71]

8]

[91]

[10]
(11]
(12]
[13]
[1u4]
£15]
[16]
£17]
[18]
[19]
[20]
{21)]
[22]
23]
[24]
[25]
[261]
£27]
[28]
£29]
(301
[311]
[32]
{33]
[3u]
(351
[36]
(37)
{381
£39]
(40]
[s1]
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+0
ERREUR:'STATEMENT ';PROVENANCE;' IN ERROR'
+ERREUR1
v
vouMULS(O)Y
VCUMULS ;CATEGO ; PROVENANCE ;TEXT;CLASSE ;RES U3 I ; SETN; P
HRASE ;NUM NOM ;XY ; STEP; STEPP; S
S+<FREAD 2 15
+(1=pS)/0
STEPP«+0O
CATERO<«S
[}
Rem=~=n=-ANALYSE DE LA STRINS
n
J3:S5«'a'PP S
PROVENANCE«eRES
S«'w'FPP S
TEXT<+RES
TEXT«14¢TEXT
SETN+SET
L]
A-=mes==ANALYSE DU TEXTE
]
J2 :STEP+0
TEXT«','FP TEXT
PHRASE<«RES
PHRASE«' 'FP PHRASE
NUM«€eRES
]
A-=ewe-=ANALYSE DE LA PHRASE
L]
J1:PHRASE+"' 'FP PHRASE
NOM<«RES
XY-NUM MAP 64NOM
+(0=14XY)/J5
XYeXY ,CATEGO ,SETN ,PROVENANCE
INFILE
JS5 :STEP+STEP+1
SETN+SETN+1
+(0zpPHRASE) /J1
SETN+SETN-STEP
+(~(STEP=STEPP)VSTEPP=0)/ERREUR
ERREUR1 : STEPP+STEP
+(02pTEXT)/J?2
SETN«SETN+STEPP
SET«SETN
STEPP+0
+(2<€pS5)/J3

ey

fooa K Ltad 3.
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[u2] =0
‘ {43) ERREUR:*STATEMENT ' ;PROVENANCE;* IN ERROR'
(44] <+ERREUR1
v
voeumurel0lv
, VCUMULG ;CATER0; PROVENANCE ; TEXT;CLASSE ;RES U3 I; PYRASE
: sNUM;NOM XY ; STEP; STEPP: S
: S+PREAD 2 16 4
[2] +(1=pS)/0
3] CATEGO+6

L A

bt
[ |
[
e

ot 4] 1,
Th {51 Ao~m=e-==ANALYSE DE LA STRING b
[5] L} 1‘

‘ [7] J3:S«'a'FP S ;

(8] PROVENANCE+eRES :
- (9] S«'w'PP § :
k- (10) TEXT+RES 1
(11] TEXP+'='FP TEXT :
[12) CLASSE+RES
(13) TEXT+TEXT,','
[(14) CLASSE+64CLASSE
[15) U<«CLASSEA.=CLASSED
[161 I+1 14pCLASSED
(17] IeU/T

(18] +(0=pI)/Ju

[(19) SETL+SETOII]

[20) =J2

(21] Ju4:CLASSED+CLASSED ,CLASSE
[22] SETL+SET

(23] SET+SET+1

(24) SETD+SETD,SETL

. (25]) ~w
1 [26] @M=e~eee-ANALYSE DU TEXTE
[27] =n

(28] J2:TEXT+','. P TEXT
[29] PHRASE+RES

. [30) PHRASE«®' 'PP PHRASE
(31) NVNUM<eRES

(32] =n
(33])] A==~-=-=ANALYSE DE LA PHRASE
(34]) n

; [35) J1:PHRASE«' 'PP PHRASE
j {36] NOMeRES
(371 XY+NUM MAP 64NOM
(38] XYeXY,CATEGO,SETL,PROVENANCE
INFPILE
f40] +(0xpPHRASE)/J1
fu1] +(0xpTEXT)/J2

(o]
w
0w
—
e -




L wt

v

e
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+(2<pS)/Jd3
+0
v
VDECODE[N]V
VDECODE K:;VECGEO
VECGEO«CODEGEN LOCATE X
MAT<QVECGEO/L[2]1PINZEO
v
VDEMLN])V
VB«DEM A
MeA
B+«(pA)+M
v
VDIRECTORY[N]V
VDIRECTORY
FUNTIE FNUMS
'BAN .65888'FPSTIE 1
'LIST OF CHIPS IN THE BANK'
] L
FREAD 1 1
PUNTIE FRUMS
v
VPIND(N])V
VZ+Y FIND X
Z+Y LOCATE X
2«(T162) /1 (pY) (2]
v
vepinlv
VSO+SEP FP SI:N
L]
A PLACE DANS RES LA PARTIE DE LA STRING SI QUI PRECE
DE
A LE SEPARATEUR SEP ET PLACE DANS SO LE RESTE DE LA
STRING
N
N+«SI\SEP
RES+(T1+N)4ST
SO0+N+ST
v
VINPILE(OQ]V
VINFILE
XYMeXYM XY
+((((px¥¥)[2])>400))/AUGFE
+0
AUGFE:XYM FPRFEPLACE(2,PE+FE+1)
XYM+5 0pr 0
v
VINTERROGE(Q]V
YINTERROGE ;COM;COM1 ; PATTE
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|
i
o (1] COMeNOM
: (21 ' GEOMETRY: DUAL IN LINF ++<+ee 2PIN?
1 (3] ' 6PIN?
by [4] ’ 8PIN®
b [(s5] ' 14PIN?
K (6] v 16PIN?
| [7} ' 18PIN?
¥ [(8) ' 20PIN'
> [9] ' 22PIN'
< | f10] ° 24PIN?
I (111 28PN
2 (12] ° 4OPIN®
: (131 CONNECTOR <+++++(C26PIN!
' [14] ¢ C10PIN®
by (151 CuOPIN'
i {161 rSOPIN'
K (171 DISPLAY ++eteeec AFFB!
£ [18) ' DISPLAY LCD 4OPIN X 1.,3INeeesllD1?

[19) ' DISPLAY MAN6660,80 10PIN+<«+MANGEX"
[20] GEODEM:COM1+DEM'GEOMETRY? !
i [21] [ ]
h [22]) COM1+®1 6pCOM1," '
; {231 DECODE Cnvi
[24] <+GEODEMx\(x/pMAT)=0
s [25) coMecOM,COM1
[26] PATTE+1
(27) PATDEM:COM1«DEM'IDENTIFPICATION OF PIN',TRX{PATTE;]),'?
]

(28) COM«COM,R1 60COM1," '
(29 <+PATDEMx\(PATTE+PATTE+1)sS2xMAT(1;1]
(30) BANQUE«BANQUE,COM
| [31) (QCOM)FAPPEND 1
( (321 (DIRECNUM«DIRECNUM,( 1+PLIM 1)[2)1)FREPLACE 1 2
{33) (DIRECTORY+«DIRECTORY,[1)QNOM)FREPLACE 1 1

v
vLinlv
| VL A3GiNOMiNUMi;NUMERO;O0R;0RIsIsADINO;COM
! (1] ORDRE<A
! [2) CAR+0
(3] G+x101,ERRNUM
| (4]  NUMERO+LIEVIRG
; [5] +0x1(pNUMERD,' *')=1
(6] NUM<«|eNUMERO
(7] +ERRNUMx10%z+/LISTNUMeNUM
(8] LISTNUM«LISTNUM NUM
(9] Geri1o1 o
(10) NOM«LIEVIRG
) NOM+®1 6pNOM,! '
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. [12] TESTNOM:+NOMOKx11=+/VEC+6=+/[11RANQUE=R(PpoBANQUE) pNOH
! {13]) +TRABANx\1=+/I+6=+/[2]DIRECTORY=(pDIRECTORY)pNOM
: fi14] *CHIP ',(6pQNOM),'IS NOT IN THX BANK...'

[15] INTERROGE

{16] -+TESTNOM

[17) TRABAN:I+I/\(pDIRECTORY)[1]

| (18] BANQUE«BANQUE ,R(FREAD 1,DIRECNUMLIY)
4 {191 -+TESTNOM
A [20) NOMOK:VEC+ 16VEC

1 (21) DECODE®R1 6pQVEC/BANQUE
! [(22) BASEVEC<+BASEVEC,( 10VEC) /1 (p34VQUE)([2)
g (23] BASEMAT+BASEMAT ,20¥AT
(24] POSI«LIEVIRG
" [25) POSITION
by = (261 +AVORx1POSIOK=0
b, | {27) BASEPIN1+«BASEPIN1,LI,COLN
;o (28] OR+|eORI+«LIEDERN
- [29] +ORIBADx10=+/'1234'€ORI
: [30) BASEORI+BASEORI,OR
o [(31) BASESPA+BASESPA,1

i [32] -0
b £33) ORIBAD:*INCORRECT ORIENTATION AT LINE ':(x27)[2]
1 {3n] -FIN
3 (35) ERRNUM:'INCORRECT CHIP IDENTIFICATION NUMBER AT LINE
= ':(x27)( 2]
. [36] -~»FIN

{37) AVOR:'INCORRECT LOCATION AT LINE ‘':(127)[2]
[38) FIN:G+x101 O
{39]) ERREUR+1
v
VLIEDERNLMN]V
: YMOT+LIEDERN
‘ (1] MOT+\ 0
(2] BOUC:CAR+CAR+1
, £31] MOT+MOT ,0RDRELCAR]
9] +0x\CAR=pORDRE
i [(s] +BoUC
v
VLIEVIRGLNOIV
VMOT+LIEVIRG
1] MOT+1 0
[2] +0x10RDRE[1]="n"
(3] BOUC:CAR«CAR+1
. [4] +0x\ORDRE(CAR]="',"
{51 MOT+MOT ,0RDRE[CAR]

(6] +BoUC .
v .
vLK(Nlv
VE«LK P3;K;R;G
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| (1] +PIx10zpP+K+P ,E+«0pG+«(pR)pppR+((R1R)=1pR)/R¢ 1¥{K+Pr0
Y+P
& [2] AG:+NEx\~V/K+ReE+((E\E)=\pE)/E,O0pP+(1+4pE+ 1+(P10)4P)+
: P
1 (3] +(E+10),(0<pP,0pG+«((~K)/G) ,(pE)pGL(GeK/C)/1p)e1+T/(C
o »0pR+«((~K)/R) ,E)OFI ,A
. | (4] WNE:+AGxE+10<pP,0pR+R,E,0pG+G, (pE)p1+[ /G
- {51 PFI:+FIx10<pG+K/G,0pR+K/R,0pE+E,((~K+C214G)/R),0
v
VLOCATELN]V _
VZ«Y LOCATE X |
[1] Z2¢6=+/[11Y=0(dpY) pX p
{

=

KRS
PP,

v

¢ v¥APLO1V ;
L . VXY<NUM MAP NOM3I3MAT;Z;N;X;Y;DIST;NOMA;M;NOMB;TAIR i
< (1] Me¢2 2 4p1 0 "1 001 0 "1 0 10110710 ?
- | [2)  I«LISTNUMA\NUM ¥
- {3] +(I>pLISTNUM)/J4 i

X (4] +(~a/'- Y2NOM) /1 }
A 5] XY«0 0 P
” [6] +0 i

! (7] J1:DECODE BANQUEL; 1+BASEVEC(T]) g
[8)  Z+MAT B

(9] Z+,2
{101 N+142Z
[11]1 X+¥

[12] X+1+BASESPA[IlxX=1
[13] x+Xx.éx
[14] Y«(Np1) Npi1+1+2
[15] xYeY,[.5)x
(16] XY+1+M[ ;3BASEORI[I])+.x"1+XY
[17) DIST+«BASEPIN1((2xI-1)+1 2]
' (18] xY[1;)exY[1:;)+DIST(2)
. [19) xy[2:)exy(2:1+DIST(1]
{20) x¥[1:)«1000-Xx¥Y{13]
. [21) x¥[2:;)«1000-xY[2;]
[22) acUMU
( (23] NOMA+BANQUEL ;" 1+BASEVECTI1+12xN]
g [24] IA«(NOMA.=NOMA)/12xN
' [25] =+(0=pIA)/J2
(26] XY+, XxY[;I4)
; (27 =0
[28) J2:NOMB+Q'I2,X4 a1 2xN
[29] WNOMB«(' '=NOMB[1;])eNOMB “
£30) IB«(NOMA.,=NOMB)/12xN '
[31] +(0=pIB)/J3
(32) xYe,xY(;IB]
[33]) =0
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- %A e

i (34]) J3:'ERROR AT LINE ' sPROVENANCE
[35]) ‘'CHIP NUMBER ';NUM

[36] !
[37] &BANQUEL ;" 3+BASEVECIII+1N+2]
[38] 1] [}

[39) *'PIN ', ,NOY
(u0] XYe0 O
[41] =0
(u2) J4:*ERROR AT LINE ' 3;PROVENANCE
(43]) *'CHIP NUMBER ‘';NUM;' IS NOT DEFINED®
[us] xY+0 O E
v
VMIP[N]V
VMIP;A; BANQUE ; BASEVEC s BASEPIN13BASEORI; LISTNUM;CODF? ]
1 EQO3;PINGEN ; BASESPAyNUMsM; TS 23 MAT N3 XYY DIST; FE XY *
g | M;XYH3XY i
: A+'0123456789A48CDEFGHIJKLMNOPQRSTUVWXYZ"
F (2] FUNTIE FNUMS
A (3] "BON'PTIE 2
, [4] BANQUE+FREAD 2 8
j (5] BASEVEC+FREAD 2 9
(61 BASEPIN1+FREAD 2 2
(7] BASEORI+«FREAD 2 1
(8] A«(pLISTNUM+«FREAD 2 S)pA
i [9] CODEGED«FREAD 2 10
| {10])] PINGEO«FREAD 2 17

7 WPy

v

s .
- — e - -

~
[N
-

{11] BASESPA+FREAD 2 4
‘ {121 AWUM+1
[13] M«2 2 4p1 0 "2 0010 °107"10110"10
{i4] XYH«2 0pO
[15] XYM<2 0pO
i (16] J1:I«NUM 1
[17] S«ANUMIQ'SYM!?
{18] DECODE BANQUE[ ; 1+BASEVECLI]]
[19]) ZeMAT
[20] 2Z+,2
| [21] WNe142
| [22] xew
' [23) X+1+4BASESPA[I]xX=1
[24] Xx«(14X), 14X
(25] XxeXx,bx
[26] Yi«(WNp1)
[27] Yi+(14Y1),71¢4Y1
[28) Y2« ,Npl+1+Z
[29] Y2«(14Y2),71+Y2
[30] VYer1,Y2
[(31] xYey,[.51X
(321 XYe1+ML ;:BASEORILI))+.x"14+XY
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I B, . FINRIETS

[33) DIST+«RASEPIN1I({(2xI-1)+1 2]
{3u] xY(1;)exY[1;:1+DIST(2]
[35s) xyY(2;)e«xy(2;1+D157(1] 4
£36) xy[1;)«1000-xY[1;)
{371 «xr(2;3«1000-xY[2;]
[38) xexy(1:;]
(391 Yexyi2;)
[(%0] Xe1#¢"1¢,.%,(1.51X
[u1l Yer4"2+,Y,012.5]Y i
(u2]) xY+«x,[.51Y
[43] XYMeXYM XY
{4l XYHeXYH,2 14+XY
fuS5) NUMeNUM+1
[u6) +(NUMSpLISTNUM)/J1 ]
[w7) S+218'MOD* E
[u8) S+‘'o'Q'SYM® ;
{491 XYM PREPLACE 2 24 !
[50) XYH PREPLACE 2 25 i
v
vMODIFPY(QOlvV
VMODIFY NOM;I;B;CHIP;DIRECTORY;DIRECNUM :R:N
(11 PUNTIE FNUMS
[2) 'BAN.65888'PSTIE 1
£31 DIRECTORY+FREAD 1 1
%] DIRECNUM«FREAD 1 2
[s] NOM+Q1 6pNOM,* '
(6] +Lixv1=+/I«6=+/[2)DIRECTORY=(pDIRECTORY)pNOM
£7) '‘CHIP *,(6pQNOM),' IS NOT IN THE BANK'
{81 +0
a , [9] Li:I«I/\(pDIRECTORY)(1]
- {10) CHIP+«FREAD 1,DIRECNUM[I]
- (11] Re(pcHIP)(1]
j [12]) ANel

{13) L2:B«DEM CHIP[N;]),' CHANGED FOR:
E L14] +(0=pB)/REC
. [15]) CHIPI[N;)+6pB," '
. (16] REC:+((N+N+1)SR)/L2
| U17) CHIP PREPLACE 1,DIRECNUMCI)
| (181 DIRECTORY[I;)+CHIP[1;)
‘ [19) DIRECTORY FREPLACE 1 1
1 [20) PUNTIE PNUMS
; v
P VPADLN]V
r VS0+PAD SI;UP;UA;UC
' : [1] "
| (2] @ PLACE DES BLANCS AUTOUR DES SYMBOLES-TYPE
(3] "

[4] UP+SIe'+:u=, a0’




|

(s1]
(6]
£7]
(8]
9]
f10]

(2]
(3]
Cu)
(5]
[e]

(7]
(8]
(9]
f10]

fa]

C10]
(111
[12]
[13]
[is]
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UA«(1+42xpUP)p0 1
UP+UA\UP
SI«UA\ST
Ucev/~1 0 10eypP,l74,[1,.51UP
SI«UC/SI
S0+SI
v
vPITINO])YV
VPIT;D; XYM XYH
FUNTIE 2
*BON'FSTIE 2
XYM+«PREAD 2 24
XYH«FREAD 2 25
S+«1Q'CTY"
D«(DxL/36 243D+|~/D)R'FRS",0p( ,D+Q2 20(L/XYM),[/XYY¥)
gscr?
S+318'MOD"
QexyM™
S+«218'M0D'
Q«XxYH
v
YPOSITION[DO]V
VPOSITION;COL;G3DESCA3DESCBDESCC 3 DESCD 3 DESCE
POSIOK+0
+AVORTEx\(pPOSI) >4
CcoL+pPOSI(1 2]
+AVORTEx\((plOL,*1')23)
PAT1+*ABCDEFGHJKLMNPRSTUWX®
DESCA+6 ,SECT,20
DESCB+2u4 9, u=-c0orLf11='x"
+AVORTEx1(~COLL1)ePAT1+DESCA(TYPEJ*PAT1)V~COL[2]ePAT
2+DESCBLTYPE]+'ABCDEFPZHIIKLMNOPQRSTUVWX
+AVORTEx1(COLL1])=4")A(COL[2)="A" )ATYPR=3
G+1101,ERROR
DESCE+0 34 30
DESCC+84 S0 us
DESCD+24 27 6
LI«(LI1+€POSI[3 ul)+DESCE(TYPE]

£15] LZLIGNEOK:G+x101 O

{161
(17]

+AVORTEx\(LI<1)VLI1>DESCCITYPE]
RO+pPAT1

(18] ICI:COLN+DESCDLTYPEIx(PAT1eR0OpCOL[1])/(\RO) -1

(191
{20]

(21]
(22]
(23]

+ICI+2xTYPE

COLN«COLN+(("ABCDEFGHIJKLMNNOPQRSTUVYWX® €2u4p0C0LL2])/12
4)

+J0B?2

COLN+~(COLN=2)+3x('ABCDEFGHS '€ 9pC0L[2])/1 9

+J0B2
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COLN«COLN+('ABCD'e4pCOLL21) /&4
JOB2 : POSIOK+1
AVORTE : +0
ERROR:G+x101,ERROR?
LI+(LI1+ePOSI[3))+DESCELTYPE]
+LIGNEOK
ERROR2 :+0
v
VREADLIN ]IV
VR+READ A
R+S 0p1 0
€(A/AZ0)/ A+ T1+14PLIM 2°
A+(A<L¢FLIM 2)/4
ON:+0x10=p4
Re«R,(2]PREAD 2,1pA
+0N ,pA+1¢4
v
YREAD1I(A]V
VR+RFAD1 A
R«2 0p\ 0
€(A/A=0)/"A+« 1 141+FLIN 2!
A«(A<1+FLIM 2)/4
ON:+0x10=p4
R«R,[21PREAD 2,104
+0N,pA+1+A
v
VREGUIN ]V
VSO«REGU SI;UP;UB;UC
]
A ENLEVE LES BLANCS AUTOUR NES SYVBOLES-TYPE
N
UB+' '=SI
UP+SI€t+:vu=,a0’
UCe~(UBALOUP)VUBAT1OUP
S0«UC/SI
v
VREGULARISE(N1v
VSO«REGULARISE SI;UP3;UB3UC
]
a PLACE UN BLANC DEVANT LA CHAINE SI
L]
SI+' ',ST
L]
A TROUVE LA POSITION DES BLANCS DANS LA CHAINE SI
L]
UB+*' '=ST
]

a LIMITE LA SUITF DE BLANCS CONSECUTIPS DANS ST A UN

i et




-

T OWENT g T .

TENT T <

D B R e, 4

NN

(11]
[(12]
[13]
[14]
[15]
fL16]
(171
{181
[19]
[201]
[21]
[22]
[23]

[24]
(251
[26]
[271]
(281
[29]

(301
(311

(1]

2]

(3]
Cu]

[5]
{e]
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]

UC+~UBA1OUB

SI«UC/SI

]

m PLACE UN BLANC APRES LA CHAINE SI

)

SI+SI,' !

]

A TROUVYE LA POSITION DES BLANCS DANS LA CHAINE 5SI

]

UB+' '=8T

R

a TROUVE LA PNSITION DES SYMBOLE-TYPE DANS LA CHAINE
SI

[

UP+SIe'+:u=,aw’

"

@ ENLEVE LES BLANCS QUI ENCADRENT LES SYMBOLES~-TYPE
DANS LA CHAINE SI

]

YC+~(UBALOUP)IVUBAT1OL 2

SI<UC/SI

S0+SI

v

VSBCBOARD(] IV

VSBCBOARD

WY'MBVCC+VO V2 V4 V6 V8 V10 V12 Viu V16 V18 V20 V22 V
24 V26 V28 V30 V32 V34 V36 V38 Vu0 V42 Vay Yu6 vus!'

WY'MBYCCA+«VUBA V464 Vu44g Vu24 V4U0A V384 V364 V3u4 V32
A V30A V284 V264 V2uA V224 V204 V184 V16A Viu4 V124
V104 V8A V64 V44 V24 VOA!

W'MBGR«G1 G3 G5 67 G9 G11 G13 415 #17 G19 G21 £23 G2
5 £27 629 731 (633 635 637 G639 fu1l Gu3 GuS Gu7?

W'MBGRA+G47A GuSA $u34 Gui14 7394 G374 735A (334 5314
G294 G27A 7254 (G23A G214 G194 G174 G154 G134 511A 69
A 7?TA G54 G34 G14'

W'VCC=211 MBVCC MBVCCA,212 MBVCC MBVCCA,213 MBVCC MB
VCCA,214 MBVCC MBVCCA!

W'GND=201 MBGR MBGRA,202 MBGR MBGRA,203 YBGR MBGRA,2
04 MBGR MBGRA,205 MBGR MBGRA'
v
vsecoe05{N]v
vS8C90S

LISTNUM«LISTRUM,(200415),(210+14),220+13
BASEVEC+BASEVEC ,1+(5pBANQUE FIND'rONGR '), (upBANQUE
FIND'CONVCC'),(BANQUE FIND'CON100'),BANQUE FIND'CONS
0 ]

BASEVEC+BASEVEC ,1+BANQUR FIRD'CON86 '
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I

(4] BASEPIN1«BASEPIN1,31 5.5 31 29.5 31 53,5 31 77.5 31
L 101.5 30 11.5 30 35.5 30 71.5 30 95.5 26 84 84 83,25
84 4.75
£s] BASEORI+«BASEORI ,(9p1),u4,2p2
BAS%SPA+BASESPA,(9p2),(2p1),1.56
{71 BASEMAT+BASEMAT,(10p24 12),(8p25 12),50 2 30 2 43 2
v
vscinilv
VWVel SC PiMiW3I:J:8:G3K32Z2:K
{13] +0Tx1V/2=2,1+N+14+pVeN,2 0pZ+14pP+D ~1+P
(21 DI\ 2=l 24 2+ L+MeW+p0pGe H

-~
m~
2]
[

ol 'y dcamied i p b
7 Ie ;

™
w
d
ot ot b ke Al N aa aia .

Pk, PL:41(Z2=-0)+,P),2 O¢P+«P[ ;41 (2=-N)+,P),2 0+P«(0 1xp
K«(2,N)+P)+P
. (4] DI:JeM+e(14xW)p®, ((WaJeJ=1)pJ) ", 0p W+ 1+l 2-Y :
- [S] I+M+e(17xW)p*, ((1+W=-I)+1I«I+1)",0pI+0 i
f | (6] NE:V+((IW)LN+L=-N+1)TY(2,pQ)pI[Q],71Q+d+/[11QxQ+(1P[;I
L 1)=1P[;J]] _ i
: £71] +(("1=W) ,Z=MeM+LxW2"1)/DI 0T §
! (8] +NE,(pI+,I),pJ+ Q(I+(20K) oM+ 1K) =KeL(Z=14pV)LL23+W+=Q i
- o .
, [9] OT:K«(pV+Q((.5xx/pV),2)pV),pT+T,[13Ve](v/0<V)/[1IVe((
! Z-1),4)p3 2 1QP[;V,(2,0=14pV)p12]
v
VSCANBELN ]V
VSC ANBE
(1] LISTNUM«LISTNUM, ,(Q(SECT . 4)pr14)+(4,SECT)p200+10x18EC
T

(21 BASEVEC+BASEVEC ,1+((2xSECT)pBANQUE FIND'CON26 '),(2x
SECT)pBANQUE FIND'CONVG '
(3] BASE
(u] BASEPIN1+BASEPIN1 A
(s] BASEORI+BASEORI , ,Q(SECT ,4)p4 4 1 1
(6] BASESPA+BASESPA,((2xSECT)p1),(2xSECT) ol
' {71 BASEMAT+BASEMAT , ((4xSECT)p13 1),(4xSECT)p12 6
v
’ VSCANBEBOARDINV
VSCANBEBOARD
| [1) W'BUSVCC+V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 Vi1 V12!
| [2) W'BUSGND«G1 G2 G3 G4 G5 G6 G7 G8 69 710 611 (12
' £3) +(T14+2x7=SECT)+126
[u) W'VCC=263 BUSVCC,264 BUSVCC!
; [5) W'GND=263 BUSGND,264 BUSGND!'
| (6] W'VCC=253 BUSVCC,254 BUSVCC!
‘ [7) W'GND=253 BUSGND,254 BUSGND!
' (8] W'VCC=243 BUSVCC,2u4 BUSVCC!
(9] W'GND=243 BUSGND,2uu4 BUSGND! ]
J W'vCC=233 BUSVCC,234 BUSVCC! |
[11] W'GND=233 BUSGND,234 BUSGND' |
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{12) W'vCC=223 BUSVCC,224 BUSVCC!
! [13] W'GND=223 BUSGND,224 BiSGNN!
[14) W'VCC=213 BUSVCC,21u4 BUSVCC!
b (15} W'GND=213 BUSGND,21u4 BUSGND!
. v
e VSTAGE(NIvV
VSTAGE ARGU:LIGNE L
[1] FUNTIE FNUMS ]
(2] 'BON'FTIE 2

£
e e e e =
~
w
(=]

: L]
= (4] M--==--<INITIATION DES PARAMETRES. )
‘ (5] STAGEOO 3
' [6] ) j
| (7] Ae--e--- CLASSIFICATION EN CATEGORIES(STRINGS).
E .. (8] STAGEO1
i (9] n
o (10) A---=-<-REGULARIZATION DES STRINAS. j
] (11) STAGE02
g, [(12] =

o [13] Ae======SYUBTITUTION DES MACRDS.
{14]) STAGEO3

[16] A=c==e=- COMPILATION FT IDENTIFICATION
[17)] A=-===-=DES COORDOVNEES POUR CHAQUE CATEGORIE.
18] STAGEOM
f19] ~n
[20] A==e===<COMPILATION DES LIENS ENTRE COORDOVNEES.
[21] a STAGEOS
{22) PUNTIE 2
v
VSTAGEOO[M]1V
. VSTAGEOO ; STRING1;STRINZ2 ; STRING3 ;STRINGY s STRINGS 3 STR
| INGS
' (1] A====-==INITIATION DES PARAMETRES.
(2] LIGNE+O
' 31 STRING1+10
[4] STRING2+10
| [5)] STRING3+10
| (6] STRINGu«10
' (7] STRINGS+:10
(81 STRINGE+10

‘ [9] STRIN%1 FREPLACE 2 11
5 [10] STRING2 FREPLACE 2 12
(11) STRING3 FREPLACE 2 13
[12) STRING4 FREPLACE 2 14
{13] STRINGS PREPLACE 2 15
! (143 STRING6 FREPLACE 2 16

v [

AR, 9
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. VSTAGEO1[N]V
' VSTAGEO13;STRING1 ;STRING2 3STRING3 ;STRING3 ;STRINGU 3 STR
INGS s STRINGS ;SECT; TYPE

VSTAGEO3 ; STRING13STRING2 ;STRINGI ;STRINGU ; STRINGS ; STR
INGS

(1] STRING1+FREAD 2 11
s [2] STRING2«FREAD 2 12
b4 [3] STRING3+FREAD 2 13
L, (4] STRING4+FREAD 2 14
Y £s5] STRINGS+FREAD 2 15
- [6] STRING6+PREAD 2 16
k.. | (71 SECT«FREAD 2 18
7 (8] eARGU
ol [9] +((TYPE+«FREAD 2 22)=1)/ST2
ot [10) -+(TYPE=3)/ST1
. (11] SCANBEBOARD
L {12] =+sT2
b i £13] ST1:SBCBOARD
/. {14]) ST2:STRING1 FREPLACE 2 11
A [15]) STRING2 FREPLACE 2 12
3 (16) STRING3 FREPLACE 2 13
o [17) STRINZ?4 PREPLACE 2 14
; (18] STRIN3S PREPLACE 2 15
- [19) STRIN%6 FREPLACE 2 1%
t \
3 VSTAGEO02[N]V
3 VSTAGEO2 3 STRING1 ;STRING2 3 STRING3 ; STRINGY s STRINGS : STR
INGS
1] STRINZ1+FREAD 2 11
(2] STRING2+FREAD 2 12
{3] STRING3«FREAD 2 13
[u] STRINGuW+FREAD 2 1u
[51 STRINGS5+FREAD 2 15
; (6] STRING6+«FREAD 2 16
1 (71 STRING1+REGULARISE STRING1
[8) STRING2+REGULARISE STRING?2
[9] STRING3+REGULARISE STRING3
(10) STRING4+REGULARISE STRINGY
‘ [11) STRINGS+REGULARISE STRINGS
‘ [12) STRING6+REGULARISE STRINGS®
! (13] STRING1 FREPLACE 2 11
{14] STRING2 FREPLACE 2 12
{15) STRING3 FREPLACE 2 13
: [16) STRINGY PREPLACE 2 14
; {17) STRINGS FREPLACE 2 15
(18] STRING6 FREPLACFE 2 16
v
, VSTAZEO3[]v
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STRING1+FREAD 2 11
STRINZ2+FREAD 2 12
STRING3I«FREAD 2 13
STRINGU+«FREAD 2 14
STRINGS+«FREAD 2 15
STRING6+«FREAD 2 16

STRING2+STRING1 SUBSTITUE STRING2
STRING3+STRING1 SUBSTITUE STRING3
STRINGu+STRIN%1 SUBSTITUE STRINGA
STRINGS+«STRING1 SUBSTITUE STRINGS
STRING6+STRINZ1 SUBSTITUE STRINGS

STRING2 FREPLACE 2 12
STRING3 FREPLACE 2 13
STRING4 FREPLACE 2 14
STRINGS FREPLACE 2 15
STRING6 PREPLACE 2 16
v
VSTAGEOU[]v

VSTAGEOUY ; BANQUE ; BASEVEC ; BASEPIN1;BASEORI;LISTNUM;CO0D
EGEO;PINGEQ;SET;SETD;CLASSED ; XYM ; BASESPA; SETL 3 FE
FUNTIE FNUMS

'BON'FTIE 2

]

a BANQUE CONTIENT DES DESCRIPTIONS DE CHIPS

L]

BANQUE«FREAD 2 8

L

A BASEVEC INDIQUY LA POSITION D'UN CHIP DANS BANQUE
]

BASEVEC+FREAD 2 9

L]

A BASEPIN1 DONNE LA COORDONNEFR DE LA PREMIERE PIN
L]

BASEPIN1+FREAD 2 2

L]

& BASRORI DONNE L*ORIANTATION DU CHIP

N

BASEORI+FREAD 2 1

L]

N LISTNUM DONNE LA LISTE DES NUMEROS DES CHIPS

L]

LISTNUM+FREAD 2 5

CODEEO+FREAD 2 10

PINGEO+«FREAD 2 17

BASESPA+FREAD 2 &

SET«1

SETD+1\ 0

CLASSED«6 9Qp''!

i
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VS Aicive VRN

‘ {29] =~
. [30) A LES COLONNES 1 ET 2 DE XYM SONT LES COORDONNEES
4 [31) m LA COLONNE 3 INDIQUE LE TYPE D'ENONCE
. (32] w LA COLONNE 4 INDIQUE LA GANG
- {33) a LA COLONNE S5 INDIQUR LA PROVENANCE
x| [34] ~a
b [35] XYM<5 0p0

[36] PFE«100

= {37) cCUMULS

[39]1 aCUMUL3
fuol cumMULn
(41l cumMuLs

=2 [38) CUMUL2
{

8 . [82] & CUMUL?
) (43 FIN:XYM FREPLACE 2,FE+1
- v
VSTARTIN]V

VSTART;BANKBASE ; BANQUE ; BASEORI ; BASEPIN13;BASEMAT; BASE
SPA;LISTNUM;BASEVEC ; DIRECTORY ;DIRECNUM
(1] START1

p v
4 VSTART1(0]v
: VSTART1;N:;CAR3COLN3yERREUR;LI:LI1;MAT;0RDRE;PAT1;PAT?2
sPOSI ; POSIOK3;RO3SECT;TYPEsVEC 3B H;Y1:3Y2
(1] PUNTIE FNUMS
[21 *BAN.65888'FSTIE 1
(3] '"BON'PTIE 2
{u] PDROP 2 400
£(s) DIRECTORY+FREAD 1 1
(6] DIRECNUM«FREAD 1 2
‘ {71 PHOLD 1
i [8] LISTNUM+BASESPA+BASEVEC+BASEPIN1+BASEORI+BASEMAT+10
' [9] SECT<«ERREUR+0
[10) *TYPE OF BOARD?'
’ {11) *MATRIX:1'
. (121 'SCANBE:2'
’ (13] 'SBC=-905:3"
i [14) TYPEDEM:TYPE+«e¢DEM'TYPE?"®
' [15] +PTYPEDEMx112+/TYPE=\3
{16) TYPE PREPLACE 2 22
{17) +NEXTx\TYPE%22
(18] SECDEM:SECT+eDEM'NUMBER OF SECTIONS? '
(19] ~+SECDEMx\12/SECT=16
[20) SECT FREPLACE 2 18
[21) NEXT:'NAME OP THE LOCATION PROGRAM:'® y
[22) BANQUE<«6 1p° ' i
(23] ~+(TYPE=1 2 3)/MATR,SCAV,SBC
(24) SCAN:BANQUE+Q(FREAD 1 3)(154:]
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i (25] SCANBE
[26] <+MATR
[27) SBC:BANQUE+QFREAD 1 3
(28] $BC90S
{291 MATR:eD
~ {301 +0x\ERREUR=1
' [31) *'NO ERROR IN THE LOCATION PROGRAM '
| (32) BASEORI FREPLACE 2 1
4 {33) BASEPIN1 FREPLACE 2 2
2 (34) BASEMAT FREPLACE 2 3
! (351 BASESPA PREPLACE 2 &4
{ [361 LISTNUM FREPLACE 2 S
; [37) BANQUE FREPLACE 2 8
R [38) BASEVEC FREPLACE 2 9

3 [39] CODEGEO FREPLACE 2 10

g {40) PINGEO FREPLACE 2 17

p (41) 'NAME OF THE DEFINITION PROGRAM:'
I (42] STAGEDN

a (u3l w~IP

o [u4%) 'NO ERROR IN THE DEFINITION PROGRAM'
* ! [qs] [ B

3 (u6] *'TO OBTAIN A DRAWING OF THE BOARD,TYPE *''BOARD'*' !
F ' (473 °'THE CIRCUIT LAYOUT CALCULATION IS OBTAINED BY:'
(48] ')L0AD WRAP2 ,AND EXECUTING '‘START'''

£ (49] FUNTIE FNUMS

v
vSUBSTITUR[TI1V
VSO«STRINGL SUBSTITUE SI;TEXT;RES;MiN3;I;UsN1;N2

{11 A

(2] a PLACE DES BLANCS AUTOUR DES SYMBOLES-TYPT

(3] "

= (4] SI+PAD SI

[5]1 J3:80+«10
(6] STRING1+'a'PP STRING1
' (73] STRING1+'w'FP STRING1
(8] TEXT+RES
; 9] TEXT+'«*FP TEXT
| {10) M<RES
' £11] Mer v yq 1 v
(12) N3+p¥
{13) I+"1+1¥43

§ (14]) J2:U«A$IdMo, =ST
[(15) NiepU
[(16] WN2+U11
[17] -+(N2>N1)/J1

l [18) S0+S0,(N2+SI),TRXT
(19] SI«(T2+N2+N3)+ST
(20] =72
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[22]
(23]
[2u]
[25)]
(261
(271
[28]
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J1:580+50,51I

+(22pSTRINZ1)/ 4

SI+S0

+J3

L]

a ENLEVE LES BLANCS AUTOUR DES SYMBOLES-TYPE
L]
JU :SO+REGU S0

v
wilnlv
YW STRING:N
LIGNE«LIGNE+1
N«CATEGORIE STRINS
+(N=0 1 2 3 456 7)/J0,J1,J2,J3,J4,J5,J6,J7
L]
Ne=weewsERREUR:CATEGORIE INEXISTANTE.
[ ]
JO:'SYNTAX ERROR IN STATEMENT ';LIGNE
*UNDEFINED STATEMENT®
+0
ReeeeeeaMACRO (+)
L]
J1:STRING1+STRING1,('I4*alIGNE) ,"a"',STRING, 'w"
+0
N-cwe~eal"LASSES LIBRE(:)
L]
J2:STRING2+STRING2,('IuaLIGNE) , 'a' ,STRING,'w"
+0
A==eeaenlLASSES PERMES(u:)
[ ]
J3:STRING3+«STRING3,('I"*alIGNE),'a"',STRING, 'w'
+0
Arccane- CHEMIN LIBRES(,)
[}
JU tSTRINGU+«STRINGY ,('IT4 ' aLIGNE) ,'a' ,STRING,'u"
+0
Re=e=a=aCHEMINS FERMES(uv,)
L]
JS tSTRINGS«STRINGS ,('I4'aLIGNE),'a' ,STRING,'w"
+0
A=~meee=BORNES(=)
]
J6:STRING6+STRINGS,('I4*'aLIGNE), 'a' ,STRING, 'w"
+0
N=-ec<==LTGNE DE COMMENTAIRES
N
J7:+0
v
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YWSID
YFNS
CONY DIAR FIL FLIM FREAD
FUNTIE LAY LK npec PLOT
START TABLE TY WIREWRAP
YVARS
IA KA NA
veol(lv
VR«CO A
Re=/C+{(0 13C),2 1¢4A
v
vconv(Olv

VM«W CONV P
Ve(2,pP)p1+(W|P), L (P«P-1)3¥W
v

YDIAGLO1v

VDIAG Q:;A:;X3J

FREPLACE
READ  RP
cA

0p0«*'LINES WITH COMMON POINTS:',0pQ«plpX«|V
PR:+PRx10<pX+(pA)+X,0pJee(1<pJ) /' OeJ! ,00J+RP(~Q¢~(R+Q

/RYe€A(X10)4X)/L+Q/L

v

YPILIO]V

VR<FIL A
G FREPLACE 2,A
G+0 U4pRer 0

v

vZAYIinlv

VT«LAY W;3;Q:sX3J3KsN3DsH3I L3S

X«'ABCDEFGHIJKLYNOPQRSTUVWXYZ' ,F+0pT+0 Up0

S+(DxL /36 2u+D+|~-/D)R'FRS',0p(,D+Q2 2p(L/S),[/5+]|(50

0<|,1 O+W)/W)B'SCL"

ON:+0Vx10=Qe,1 ~14J,2 OpH+1,0pWe(0 1xpJ+(2,(,1 0¢W)11

tpN«2 0p0)tW)+¥W

S+(pq+G) ,pQ TY N,V+2 0p5+1,00W+(0,Q)4¥W,2 0pN«(2,Q)¢¥

OV:+ONx1(pOpX+10X)<itp¥, 2 O0pPLOT J
v
VLKLV
VE«LK P3;K3;R;C

+PIx10=pP+K+P E+0pG+(pR)pppR+RP R+ 1+(K+P10)4¢P
AZ:+»NEx1~V/K+R€E+RP E,0pP+(1+pE+"14(P10)+P)+P
+(E+10),(0<pP,0p0+((~K)/G),(pE)pGL(ReX/G)/1p3)e1+[/C

,O0pR«((~K)/R) ,E)OFI A%
NE:+AGxE+10<pP,0pR¢R ,E,007+G,(pE)p1+l/C

PI:+FIx10<pG+K/G,0pR«K/R,00E+E,((~K+G214G)/R),0

v
vopCc(fllv
VF«0PC R;I;C:D3BN;NB:;S:;0;ID:K3;A;G

¢
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A+«300,0p5+0 u4p0+2 1p(f/71 0+#S),L/1 0+#5+20xS5+Q5«(2x(1
4pS),1)pS+FREAD 2 150
G+«G,[1310 69,D+=C0 C+0,0,2 OpI+pOpBN«(FREAD 2 151)([1]
NE: Kee(0=20{T«I+1)/'6«6,[110 59,D¢-C0 O
K+c(BN2NB+(FPREAD 2 151)[I1)/'G+«G,[111,59,2pp0pBN«NB"
Ke(pG+G,[1]I,68,D¢=C0O0 S«0 1+5),p0+G¢,(1)I,BN,-CO S
+NEx1~F ,e((F+0=14pS5+0 145S)V0=100|I)/'FIL A«A+1'
9
vPLOTLO]V
VG+PLOT A
+0x1G+Y,€Y/'0p50 SC A!
0«4,2 0p(14X)B'SYM',0p218'M0D"
Oe-4,2 0p'0'Q'sSYM’
N+50 SC A,2 0pG+31RA'MOD'
€2/'2«0.0p0«**'0 OU 1*''"
v
VREADID)vV
VR«READ A:;B:;I:;J
R«0pJ+I+1
€e(A/A=0)/'A+1"1+14FLIY 2!
A+(A<1+PLIM 2)/4
BX:R+R, ,(B+("2¢5,p8)pB+FREAD 2,ALJY)[TI:]
+BKx1(pA)zJeJ+1
R FREPLACE 2,49+1I
+BKx\S52T«I+J«1+pR+10
R+ 0
v
VRPIC IV
VR«RP X
Re((X1X)=1pX)/X
v
vsc(Olv
VVel SC PyM;W3;I;J:Q:G:K32
+0Tx1v/2=2,14N+14pV+N,2 OpZ+14pP«0d ~14P
+DIx1\Z2=L+[ 24 Z3L+M+W+pOpl+ H
P+P{1 2:1,2 OpV«P[3;11V,2 0pP+«P[;412¢4,P1,3 OpP«P[ ;4|
Z42+,P1,3 OpPeP, [1 12
DI:JeM+e(1uxW)p® , ((WadeJ=1)pJ) ", 0pJeW+ 1+LeL 2=¥
JeQ/ 0o T+ (Qe(P[13;J1>0)VvPL2:I1>0)/T«M+e(17xW)p', ((1+
WeI)+1I+I+1)" ,0pI+0
NE:V«(IW)TY(2,pQ)pI[Q]),70Q«b+/[11QxQ«(|P[;I])=IP[;J]]
+((T1=W) ,Z=M+M+LxW2"1)/DI 0T
+NE,(pI+,I) ,pJ* Q(I«(2pK)pY+ 1K) =Ke L (Z=14pV)LL#3+We+=Q
«1
OT: K+ (pV+Q((.5xx/pV) ,2)oV) ,pT+T,[1]Ve|(v/0<V)/T1IV+((
Z=1),4)p3 2 14P[;V,(2,0=14pV)p12]
v
VSTART(A)V
VSTART ;A

S
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+1x1~(A4«], 0071« " TERVMINAL? (2=4015; 3=4662)')e?2 3
A«AR'GDV!
FUNTIE 2
*BON'PSTIE 2
(WIREWRAP READ(100+110))FREPLACE 2 20
FUNTIE 2
*COMPLETED!
'TO OBTAIN CHIP DRAWINGS AND A LIST OF UNUSEN PINS,
TYPE:"'
*YLOAD WRAP3!
*AND EXECUTE: SETDRAWING'®
v
VTABLE[N]vV
VR«TABLE T3;D;B;Q:C: ¥
T« (2x(T0311>70:3Iv(TL31)=TL;33)AT[;:2)<TL:u])%T
QeD=D+Tu4,5+((DxD+=/T[;2 4])+DxD+=/T[31 3])*.5
C+«B+(1++,B8<[/D)4B+9 11,(10+2x145),100+3x132
BK:+BKx10<pB+(p1p2+Q+D>14B)+8
D+ 0
(1010 8TQ«QIB«AQ))FREPLACE 2 151
T(B:JFREPLACE 2 150
T+ 0
0pJ«(184*NUMBER') ,(184'BIN"),*LENGTH"
0p0«®(3,pB)pB,(2010 8TN),2+,1xC[N+"214¢D/Q]),0p8¢14B-"1
$B+(D+B=Q1Q)/B+1p3+Q,0
v

vry(Olv
VReW TY Q:E3;K3L3S:Y
KeeK/"ReV"',e(S+~K+(Y«0)214pV)/'0pQR+(1=pR+2 143)+Q"
LP:»0x1(V/0€E) ,002+«(1=pF+2 14Q)+e'Q',(v/Y)/)'+«(~v/[1]2
eY/ . E)/Q"
*LP!;V/(Y*3=(DK).DL).(K*(V/[1]Rel*.E)/G)eL*(V/[1]Re1
+,B)/G
+LPxW>S+S+p1pG+G,e€(13x0=pK+K , L)+ 'GL(GeK) /1 pG]+1+T /G,
OpR<R,E'
v
YWIREWRAPLM]V
VR«WIREWRAP Z;X;PyWyViUsB3C3N3sIEsJsS;K3F3AD:L0:3603Q;
T:Y
V¢0pX+«FREAD 2 53,00P+( 1%D+6=2+FREAD 2 S2)xReX+(We[/
X+FPREAD 2 S0)x 1+FREAD 2 51
X+|X,000+U/X,0p8«(U+(522)v6=2)/P,0pA+|D/P,0pL+ ,FREAD
2 54
ON:+0ONx\0<pX+2/X,00P«2Z2/P,0pVeV, ((~2¢X214X)/P),0
DIAGO«P+2 O0pT+' COMPLETED' ,MNe0pV+( " 1%xVeA)xV+LK|V
NE:+KPx10=v/(0pS+xE) ,J+(|E+ 14 (I+V10)4V)elB,0pN+2 1p0
SexEB+(((IEM\IE)=1pE)/E+(RP A+(A/BR)L[K]) ,((~J)/E) ,OpX+
X[ K+dX+(A«(IB)el|J/E)/C]

ahden
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(7] WFe((14p¥),0) N+ ((X1X)21pX)/(2,pN)p(T10N) N+(|E) 114
[8) KXP:+NEx10<pV+I+V,0pF+F,(((2,pE)pS)xW CONVI|E) N
[9] +0Vx1Y+~[), 0p00«'GRAPHICS? O OU 1',0«0pQ+*'TABLE’
[10) 2+0,0p0«'COMPLETE(O) OR BY SEGMENT(1)?'
(11] ov:Q,T,0«0p0PC TABLE R,(1]0 4p0,0p0«*'TYPE 1 POR ',Q,0
pO«*LAYOUT',T,0pR+LAY F
v

¢

q
o

ibdaCaniis 3 als
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YYSID
WRAP3
)FNS
CUEILLF DEM DESSIN1 DRAW ESSAI ESSAIG FAPPENWND
FCNUM FCREATE FDROP FERASE FHOLD FLIM FNAMES

FNUMS FRDCIA FRDCIDT FREAD FREEPIN FREPLACFE
FSDROP FSTIE FTIE FUNTIE PLANTE POT1 POT3

POUSSE PRAR SETDRAVING TRAITE (A CAL
YVARS
COARB sToP TYPE FA IA KA L
VCUERILLELTIIV
VOUEILLE;N;R
1] R+<FREAD 2 21
{21 R+R+(14pRACINE)xR=0
(3] RACINE+«FREAD 2 7
(4] RACINE+«RACINE,[1]1 3p0
[5] RACINE«RACINE ,((14pRACINE),9)p0
[s6] N+O
[7] BOUC:+BOUCx\(N214pR)x1+pO0pRACINE[RIN;1]);3+19)« RACINE
[RE(NeN+1):2 3 4]1313]
[8] RACINE FREPLACE 2 1
v
vNEM{TO]Y
VB<+DEM A
[1] MeA
[2] B+(pA)+M
v
vDESSINILO]Y
VDESSIN1 CHOP3HORI;LARG:S;TEX2:X3X1:X3:YF;YH;TEX;TEX
TsVERT; BANQUE ; A: B1
[1] +1x1~(S5+M, 00« TERMINAL? (2=4015; 3=4662)")e2 3
[2] S+SBR'GDOV?
(3] CHOP+2pCHOP,0
[s] OFFPSET+=-CHOP[2]
[s] CHOP+CHOP[ 1]
(6] PUNTIE PNUMS
(7] 'BON'FPTIR 2
[8] TYPE+FREAD 2 22
9] TRAITE CHOP
[10] +0x1STOP=1
[11]) <CODESOUS+0 34 30
(12] CHIP«(CHOP=FREAD 2 S5)/\(pFREAD 2 5)
{13]) DEBUT:S+1B'CTY'
[14]) TEX+TEX1+'0123456789"
(151 NOM+6pQ(BANQUE+FREAD 2 8)[ ;" 2+(FREAD 2 9)[CHIP)]
(16] SUITE:Y+1
(17] X3+Xx+0
(18] VERT«|(FREAD 2 3)[ 1+2xCHIP)

S
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OFFSET+«0OFFSET+VERT=20
HORI+5
S+«710 15 0 22B'SCL*
Q<2 Sp(0,0,HORI ,HORI ,0,0,VERT ,VERT,0,0)~(5p0) ,5p0FFS
ET
LAR%+,15
SCAN2:0«2 SpX1.,X,X,.X1,(X1+X=-LARG) ,YF,YF ,YH , (YH«YF+LAR
G),YP«(Y+  ,5~LARG+2)-0PFSET
+DROITEx1X3=1
S+«((T104X=.5%xLARS) ,((=0OFPPSET)+ " .27+(1+VERT=-Y)~.SxLAR
GY)B'CUR®
ESSAI Y-1
TEXT«SUP,' ', TEX{1+410 10 10T7Y),' ',6pRBANQUE(:Y+ 1+
(FREAD 2 9)(CHIP]]
OKALL:Q+TEXT
+SCAN2x\(Y«Y+1)SVERT
Yei
X«X+HORI+LARG
+SCAN2x1(X3+X3+41)s1
+NAME
DROITE: TEXT+6pQBANQUEL ; (2xVERT)Y+(FREAD 2 9)[CHIP)-Y]
ESSAIG(2xVERT)=Y
TEXT+(="14(" '29TEXT)11)OTEXT
TEXT+TEXT,' *,(,TEX[1+10 10 10T((2xVERT)=Y+"1)1),SU
P
S+((T1.8+4X~,5xLAR%) ,((=OFFSET)+~ .27+(1+VERT=Y)~.5xLA
RG))B'CUR"
+0KALL
NAME:S+(” .25,(=-0OFFSET)+VERT+1)B'CUR"
S+0B'CTY"
S+.6 1.28B'Cs2!
O«(TEX1(1+10 10 10TCHOP)),®' ' NOM
PUNTIE 2
v
YDRAWLD]V
VYDRAW ABC3;CHIP;TEX1:NOM:;Y3;SUP3;CODESOUS:B:C:DsDATA;FL
AG;PAT1:PAT2:;Z:M;OFFSET
DESSIN1 ABC
v
VESSAI[O)V
VESSAI H3K
PLAG+0
SUP«*"*
+AJOUx1\COARB='N"
DATA« M({1+H;31
DATA+«DATA=-12p0,CODESOUSI(PYPE],0
+CONHOx1(DATAL2]<0)v(DATAL2]>50)ATYPE2]
NEXT:SUP+' <+ ' (2p0P0T1 10DATA[3])),TEX1[1+10 107TDAT




[8]

[9]

{10]
(111
[12]
[13)
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
{22]
[23]
[24]
[25]
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AL21)
K+1
HERE:+AJOUx1DATAL4+3xK=11=0
Syp«t * (Z+«PRAR K),SUP
+HEREx1(K+«K+1)<3
AJOU: SUP+«((50=-pSUP)p"* '),SUP
+0
CONHO : +»CONSBCx\TYPE=3
FLAG+1
A+«POT1 1pDATAL3]
B+7 2p! 2B24 1B14*
DATA[1 2 3]«|DATA[1 2 3]
Bi« ,B{DPATAL2];]
4«(B1,,A)[3 4 1 2 5 6]
SUP+' <+ ' 4
PLAG+0
+NEXT+1
CONSBC:5UP+' <« ', POT3(DATAL2 31)
+NEXT+1
v
VESSAIGLOIV
VESSAIG H3K
FLAG+0
+FPINXx\COARB='N"
DATA« M[1+4H;]
DATA+«DATA-1200,C0DESOUS{TYPE],O
+CONHOx1(DATAL2]<0)v(DATA[21>50)ATYPER]
NEXT:SUP«"' ',(20P0T1 1pDATA[3]1),TEX1[1410 107DATA(2]
].' > (]
K+1
HERE:+0x1DATAL4+3xK=1]=0
SUP+SUP,(2+PRAR K),' !
+HEREx1 (K+K+1)<3
+0
FPIN:SUP«"'"
CONHO :+CONSBCx\TYPE=3 %
FLAG+1 ?

A+POT1 1pDATA(3]

B+7 2p° 2B24 1B1A*
DATA[1 2 3)+|IpATAl1 2 3]
B1+«,B[DATAL2]:]
A+~(B1,,A)[(3 4 1 2 5 6]
SUp«+" 0.4.| > 1]
PLAG+0

+NEXT+1

CONSBC:SUP«+' ', (POT3 DATA[2 31),' -+» !

+NEXT+1
v
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j VFREEPIN[A]V
. VFREEPIN;A3; BASEFPIND; BASEVEC ; DATA; Py FLAG;LISTNUM;M;:N;
PAT13;PAT2:R; TEX13D3;CHLEN ;K1
[1] PLAG+0
[2] TEX1+'0123456789"
2 [3] FUNTIE FNUMS
8, | (4] *BON'FTIE 2
T (5] TYPE+«FREAD 2 22
(6] Re~(A«\(14pPREAD 2 7))e(FREAD 2 21)[:1]
! (7] M«R/[11FREAD 2 7
! (8] ML:23¢(ML32]1-3ux(TYPE=2))=30x(TYPE=3) :
| [9]  A«714(A420)/A+«RxA 3

[10] N+O
; [11) BASEFIND«FREAD 2 6
g [12) BASEVEC+FREAD 2 9
- (13] LISTNUYM+FREAD 2 5
> (18] LI:+LIx\N<pAx1+pA[N]+1+4(N1-14(16A(N«N+1]1<BASEFIND)/B ]
‘- ASEFIND ) ]
T [15] 'THE POLLOWING PINS ARE NOT USED:‘
- (16] CHLEN+«"1+(16BASEFIND)~BASEFIND :
{ (17] Weo
! (18] Ki1«1
[19) LO:DATA«0 0 O ,M[N+13]
(201 -+VIDEx\(LISTNUMLK1)2M[N+1;1])
Fi [21]1 +CHIFINx\(N+CHLEN(K11)>pA

(221 <CHIPLI*\M[N+1;1)=M{N+CHLEN[K1];1])
[23] CHIFIN:P+6pQ(FREAD 2 8)[ ;A[N+N+1)+ 1+BASEVECL(DATA[4]
=LISTNUM) /1 (pLISTNUM)]1]

{24] P+(PRAR 1),' PIN ',TEX1[1+10 10 10TA[N]]," 'LP
[25] KileK1+1x(M[N+1;1]2M[N;1])
(26] F

i [(27) -+LOx1N<p4d 1
| (28] PFUNTIE 2

{29] =0
. [30) CHIPLI:'CHIP (', (TEX1[1+10 10 10vDATA[4]]),') NOT USE
D'

‘ (31] WNeN+CHLENIK1]

: £32] KileK1+1

| (331 +LOx\N<pA
(34] PFUNTIE 2

[35] =0
{36] VIDE:K1+K1+1
[(37] =Lo

v

VPLANTELI]]V

VPLANTE ;N; BASEOR:BASEPIN ;MAT;D:VE " : TEMPO s RATETTE ; RAC
INE; BASEFIND; BASEORI ; BASEPIN1:;BASEMAT ; BASESPALISTNU
M




o

1
|
g, |
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BASEORI«FREAD 2 1
B4SEPIN1+FREAD 2 2
BASEMAT«FREAD 2 3
BASESPA+FREAD 2 &
LISTNUM+FREAD 2 S
BASEPIND<«1p1
RACINE«0 3p0
Nel
DEBU:BASENR+BASEORII[N]
BASEPIN«BASEPINIL((2xN)~1),2xN])
MAT+BASEMATL((2xN)=1),2xN]
D+1
+(BASEOR=\4)/UN ,DEUX ,TROIS,QUAT
DEUX : D«0O
MAT+1 ~1xMAT
BASEPIN+19BASEPIN
+UN
TROIS:MAT+ 1 xMAT
+UN
QUAT:D«0
MAT«~1 1xVAT
BASEPIN«10BASEPIN
UN:VEC+(((2x|4AT[11),2)pBASEPIN)+&(2,2x|¥4T(1]1)p(TEYP
0,0TEMPO«((xMATL1))x(BASESPA[NIx1|¥AT[1]))~B4SESPAIN)
1), (C1¥AaT{11)p00),(IMATL 1)) ovAT([2]
+FINx1D=1
VEC+bVEL
FIN:RACETTE«0 1 1\VEC
RACETTEL ;11+LISTNUMIN]
RACINE+«RACINE ,[1)RACETTE
BASEPIND+«BASEFIND,( 14BASEFIND)+14pRACETTE
+DEBUx\ (N+«N+1)SpLISTNUM
BASEFIND FREPLACE 2 6
RACINE+RACINE, (1)1 3p0
RACINE FREPLACE 2 17
v
vPoT1L1I]V
VHePOT1 K3K13K23POT
PAT1+'ABCDEF!
+(TYPE=13)/MATRI ,SCAN,SBC
SCAN: D217
PAT2«'A B1 ¢ D2 E F3 G H4 J
+0UTx\FLAG=0
PAT2+827 3p((1S5p* '),('P13P12P11P10P9 P8 P7 P6 PS5 Pu
P3 P2 P1 '),27p" ')
+0UT
MATRI:D+24
PAT2+'ABCDEFGHIJKLMNOPQRSTUVWX !

e daaamszon



[10]
[11]
[12]
[13]
[1y4]
{1s]
{161
(171
[18]
(19]
(201
(21]
[22]
{23]
(24]
{251
{26]

e [ Nam [an Ko
o wn £ w N -
— —t )
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OUT:POT+«(6,D) TRK-1

+0UT2x\PLAG#20
OUT1:K1«((pKX1),1)pK1+PAT1(1+POT[1;1]]
HeK1,((pX2),1)pKk2+PAT2[1+P0T[2:]]

+0
OUT2:K1+((pK1),1)pK1+PAT1[1+P0OT[1;]]
Hek1,[13((pK2),1)pK2«,PAT20;(1+P0OT([2:;1)])

+0
SBC:PAT2+'ABCD !

PAT1+'ABCDEFGHJKLMNPRSTUWX

+SBCCONx 1 K2 K

POT+20 6T®K-1

+0UT1
SBCCON:PAT1+'1234567890"

PAT2+! G v

POT+10 1270 QK-1

+0UT1

v

vPOT3[0O]V

VH«+POT3 K:X3J3PAT2:A

PAT2+86 6p'(221)P(221)P(222)P(222)P(223)P(223)P"
Xe14((k[11="4 72)/12),(((K[2])>75)xA)/4 3),(A«K[11=52

54)/6 5

PAT?2+ ,PAT2[ ;X]
J+((K[1)="2)+1+2x|k[2)-84),((K[1]1=52)+1+2x(K[2]-83.2

5)),(K[11=52)+1+2x(K[2]-4,75)%+1.56

JeJ{TX22]

H«PAT?2,,TPEX1[1+10 10 107J]

v

VPOUSSELN]Y

VPOUSSE ; ALB2 ;RACINE2:I;03M3N3;ALB1;R:RACINE
ALB2+((14(pALB1+999-(FREAD 2 20)[:2 1 4 3131)),2)p0
RACINE2«(1000x(FREAD 2 7)[;2))+(FREAD 2 7)[:3)]
ALB2[;11)«(ALB1[;11x1000)+ALB1[ ;2]

ALB2[ 32]+(ALB1[;3)x1n00)+ALB1[ ;1]
RACINE2+ALB1+ALB2+0pM+QRACINE21ALB?2

R+0 4pI+p0p0«0[40+((010)=1p0)/0+ M]
ON:+0Nx\(p0)>14pR+R,[11u440(I],(0LI]2N) /N« ((N\N)=rpV)/

Ne, (v/[1]0(I«I+1)=M)/M

R FREPLACE 2 21

v

VPRAR(NIV

VZ+PRAR K;B

B«7 2p°' 2B2A 1B1A!
+SPECx\(DATA(5+43xK=1])<0)V(DATA[S+3xK=1]1>50)ATYPE2
Z2+' (', TEX101+410 10 107TDATA[U4+3xKk=11],')',(2pPOT1 1pD
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ATA[6+3xK-1]),TEX1[1+10 10TDATA[S+3xK=-1]]
+0
SPEC : +CONSBCx\TYPE=3
DATAL(4 5 B6)+3xK=-1])«|DATA((4 5 6)+3xK=-1]
PLAG+1
Z+«((,BL(DPATA[S5+3xK=1])3]),,POT1 1pDATA[6+3xK-11)[3 4
1 25 6]
FLAG+0
] =0
) CONSBC:2Z+POT3 DATA[S 6+3xK-1]
v
VSETDRAWING(N]V
VSETDRAWING
(1] FUNTIE FNUMS
2] *BON'FTIE 2
3] TYPE+«FREAD 2 22
'S PLANTE
£s] POUSSE
(6] FUNTIE 2
(7] *COMPLETED!
{8] *THE PUNCTION ‘''FREEPIN''LISTS ALL UNUSED PINS OF TH
E CIRCUIT!®
(9] 'THE PUNCTION '°*DRAW X''DRAWS THE CHIP NUMBER X.°
[10] *TO WIREWRAP A CIRCUIT,CONTACT M. LESSARD AT 4315,°
v
VTPRAITE[Q]V
VTRAITE CHIP;A:D;N:R:R1
(1] STOP+0
[2] A+ (FREAD 2 7)(:1)=CHIP
(3] +NONOx10=+/A
[4] M+A/[1)FREAD 2 7
(P D\ /A/1(pPREAD 2 7)[1)
[6] MeM,[1]1 3p0
£7)] MeM,((14pY),8)p0
(8] Re(,((FREAD 2 21)(;11)e(1pA)xA)/[1IFREAD 2 21
9] R1+<R+(14pPREAD 2 7)xR=0
[10] ReR+(1%p¥)xR=0
[11] WN<O
£12] +0x10=x/pR
[13] BOUC:+BOUCx\(Nz14pR)x1+4p0pMIR[N;11+1-D;3+19])«,(FREAD
2 7)IRI((N+N+1)32 3 4];:13]
(141 =0
(15 NONO:'CHIP *;CHIP;' UNDEFINED'
[(16] STOP+1

® NP nE
ed bt e e

-0

o L L T N R L R
-0

v
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APPENDIX B

Self-Crossing Paths

Any path which folds over itself can be depicted as three

sub-paths (A, B and C) plus the two links which actually cross each
other, as shown in Fig. B-1.

Each of the crossing links must have one end (in this case
pins 2 and 3) connected to the same sub-path (in this case to B)

for the ensemble to be a single path and not two disconnected paths.

Interchanging the other two ends of the links will produce
a configuration as in Fig. B-2 in which the links do not cross
and the ensemble is a single new path.

The four pins constitute a quadrilateral and the sum of two
opposite sides (new links) is shorter than the sum of the two diagonals
(orevious links). Hence the new path is shorter than the original
and a self-crossing path is not optimum.

/"‘§\.‘-_~. /‘-‘\'\._h~
7 7
Y ¢ B N
N —_-13 i N\ —--131
\2 - \2 -
FlL - Flar -
! | l\\ ! i I\
/ U L3 N ! I L
=~ -‘£L | ! 4 =~ ‘~‘£l | ! ’
== 1§ / === [}
\€ / \C\ 7

FIGURE - B-1 FIGURE - B-2

———— T T
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APPENDIX C

Nonoptimum Paths

Figure C-1 shows a node made up of pins disposed in two con-
centric circular segments whose path would be established by first
i linking (radially) each pin of one segment to the opposing pin on the
| other segment (the shorter links), then all the pins of the inner
; segment together (the next set of shorter links).

Once this is done, a pin such as A sees its immediate inner
segment neighbors occupied by three links and has to go to the last pin
. for a connection, while the dotted link could have permitted the removal

of one of the bothersome links onto its nearest neighbor.

o
»
st adhe oo cadesl

A pin such as B, for the same reason, would end up being
linked to an outer segment pin, producing a crossing.

FIGURE - C-1
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APPENDIX D

PR D

Wiring Session

JLOAD WRAP1
SAVED 15:57 SEP 14,'81
)COPY PWW1 TESTLOC TESTDEF

& | SAVED 14:03 SEP 29,'81 ;
| START ;
; TYPE OF BOARD? ;
k. MATRIX:1 ]
., | SCANBE: 2 :
f | SEC-905:3 4
i | TYPE?1 A
£ NAME OF THE LOCATION PROGRAM: ;
© TESTLOC
X~ CHIP 74LS93 IS NOT IN THE BANK...
. - GEOMETRY: DUAL IN LINE <<= 2PIN ;
- 6PIN .
- 8PIN
3 14PIN i
s 16PIN s
f 18PIN .
' 20PIN -1
22PIN ‘o
i 24PIN ;
g 28PIN .
40PIN
CONNECTOR  +<~<<+C26PIN
C10PIN
CAOPIN
CS0PIN

DISPLAY ++—+AFF8

! DISPLAY LCD 40PIN X 1.3IN«——<LCD1

| DISPLAY MAN6660,80 10PIN«+~+MAN66X
GEOMETRY?  14PIN

IDENTIFICATION OF PIN 1?  INB

i IDEN: fFICATION OF PIN 2? RO(1)

' IDENTIFICATION OF PIN 3?  RO(2)

? IDENTIFICATION OF PIN 4? NC
IDENTIFICATION OF PIN §?  VCC
IDENTIFICATION OF PIN 6? NC
IDENTIFICATION OF PIN 7?2 NC
IDENTIFICATION OF PIN 82 QC
IDENTIFICATION OF PIN 97 QB

IDENTIFICATION
IDENTIFICATION
IDENTIFICATION
IDENTIFICATION
IDENTIFICATION

OF
OF
OF
OF
OF

PIN10?
PIN11?
PIN12?
PIN13?
PIN14?

GND
QD
QA
NC

INA




&
k)
(%
?
T
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NO ERROR IN THE LOCATION PROGRAM
NAME OF THE DEFINITION PROGRAM:
TESTDEF

NO ERROR IN THE DEFINITION PROGRAM

TO OBTAIN A DRAWING OF THE BOARD,TYPE 'BOARD'
THE CIRCUIT LAYOUT CALCULATION IS OBTAINED RY:
JLOAD WRAPZ, AND EXECUTING 'START'

JOARD
Bf.lmt (2240183 3=4662)
2
)
[ )
é
———
R
_

| W)

EPITA S . PSPV S

PUREPRISRRIPURIY WS, PUPAI0 S U oT PP OV S

imealin. ek
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JLOAD HRnPY
SAVED 19:52 M 22.'01
SETORMIING

CONPLETED
THE FIM"W 'FR!EPIM'LISYS ALL WSED PINS OF THE CIRCULT
TNE FUNCTION ‘DRAN X'DRANS THE CHIP

uxmm A CIRCUIT.CONTACT N. LESSARD AT 431S.

THE Fﬂ.Lﬂlﬂ‘t Pl).li ARE NOT USED:

. (Q0S)ALLIS PIN 003
(0OS)AJIS PIN 008
(088)AILS PIN 006 6
(085 AN1S PIN 007 ™
(08S)AH10 PIN 008 »
(005)AI18 PIN 009 [
(088)AJ18 PIN 010 9
(008)AL18 PIN 012 »

e e .

ISP

Mmoo e -
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